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T raditionally, medical textbooks have been organized by areas of 
 specialty:  infectious diseases, cardiology, pulmonary medicine, 

and so on. For the practicing physician, however, this presentation has 
its limits. Very few parents or children come to their pediatrician’s office 
with a chief complaint of nephrosis, for instance, or of psoriasis. Rather, 
they will say, “My son’s feet and face are swollen,” “My daughter has a 
rash,” or even, “My child has been struggling in school.”

Signs and Symptoms in Pediatrics organizes information to reflect the 
way  practice really happens. It is a comprehensive guide to the evalua-
tion and treatment of more than 80 signs and symptoms—physical 
and  behavioral—including

•	 Abdominal pain
•	 Disruptive behavior and aggression
•	 Facial dysmorphism
•	 Fever of unknown origin
•	 Learning difficulty
•	 Speech and language concerns
•	 Vomiting
•	 Weight loss

Each chapter begins with contextual information on areas like patho-
physiology and epidemiology and provides a guide to the history, physical 
examination, and laboratory and imaging studies that generate an appro-
priate differential diagnosis. Next are approaches to initial management 
and suggestions about when to refer or admit.

Signs and Symptoms in Pediatrics is an ideal resource for pediatricians, 
family physicians, residents, residency program directors, pediatric nurse 
practitioners, physician assistants, medical students, and nurses. 

For other pediatric resources, visit the American Academy of Pediatrics at  
shop.aap.org.
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Traditionally, medical textbooks have been organized by areas of specialty: infectious diseases, 
cardiology, pulmonary medicine, and so on. Th is organizational strategy allows us convenient 
access to information on diseases we have the need to learn more about. For the practicing 
physician, however, this presentation has its limits; it is more useful when we know the 
diagnosis than when we are faced with making one. Very few parents or children come to 
us with a chief complaint of nephrosis, for instance, or of psoriasis. Rather, what we hear is 
that “My son’s feet and face are swollen,” “My daughter has a rash,” or even “My child has 
been struggling in school.”

Signs and Symptoms in Pediatrics is our eff ort to address the need of the pediatrician and 
other primary care physicians for information organized to refl ect the way practice really 
happens. Here you have access to a concise yet thorough discussion of each sign or symptom 
that may be the chief complaint you are asked to address. Each chapter begins with con-
textual information on areas like pathophysiology and epidemiology and provides a guide 
to the history, physical examination, and laboratory and imaging studies that generate an 
appropriate diff erential diagnosis. Next are approaches to initial management and sugges-
tions about when to refer or admit.

You will notice too as you look over the table of contents that we take seriously the 
responsibility of caring for children’s mental health as an integral part of pediatric practice. 
Mental health symptoms may augur the emergence of a mental health problem or impair a 
child’s functioning even in the absence of a diagnosable disorder, and they often complicate 
acute and chronic medical conditions. Th ey may drive a child’s use of health services and 
aff ect adherence to treatment. For these reasons, symptoms of emotional disturbance have 
chapters alongside syncope and disruptive behavior gets the same attention as dizziness.

Not only are our authors expert physicians themselves, but each chapter has been critiqued 
by members of the pertinent American Academy of Pediatrics (AAP) sections, committees, 
and councils, providing an additional layer of expertise and supporting our eff ort to make 
this reference evidence-based and as reliable as possible. Most also include a listing of help-
ful Tools for Practice, curated in partnership with Drs Rebecca Baum and Kelly Kelleher, as 
well as a bibliography of the most relevant AAP policy. We hope you will fi nd this book a 
robust and easily accessible tool in our shared mission of caring for the health of all children.

Henry M. Adam, MD, FAAP
Jane Meschan Foy, MD, FAAP

Preface
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Chapter 1

Abdominal Distention
Peter F. Belamarich, MD

Abdominal distention can be a challenging clinical problem. Th ere are no statistical defi ni-
tions of distention available to pediatricians; therefore, determining what is likely to be 
pathological distention takes experience that includes many examinations of children of 
various ages in illness and in health.

Establishing the precise cause of abdominal distention in childhood from the history 
and physical examination alone can be also be diffi  cult. Th e number of possible diag-
noses is very large, and the most likely diagnoses vary greatly with the age of the child. 
Furthermore, not all distention is pathological. Healthy infants may have variable degrees 
of abdominal distention caused by aerophagia, and healthy toddlers may have a potbelly 
resulting from a combination of lumbar lordosis and relative hypotonia of the abdominal 
rectus muscles. Th e nonpathological distention often seen in infants and toddlers may 
exceed the mild distention seen with an intraabdominal malignancy. Th erefore, a careful 
systematic approach should be used whenever concerns about abdominal distention are 
raised. Th e assessment of distention invites us to combine a systematic diagnostic think-
ing process and the art of physical diagnosis to minimize tests, radiation, discomfort, 
and expense.

 APPROACH TO THE CHILD WITH ABDOMINAL DISTENTION
History
Th e history should establish the tempo of the obstruction, the presence or absence of 
gastrointestinal (GI) symptoms, pain, and constitutional symptoms.

Symptoms of GI obstruction (vomiting, pain, constipation, delayed passage of meconium 
at birth) or malabsorption (failure to thrive, diarrhea or greasy, bulky, malodorous stools) 
should be sought.

Although pain is present in most cases, an episode of acutely painful distention is a 
surgical emergency until proved otherwise. Painless distention raises the question of ascites, 
progressive organomegaly, tumors, and cysts, as well as abdominal hypotonia.

Th e presence of fever, weight loss, failure to thrive, anorexia, fatigue, irritability, or bone 
pain should be sought because these symptoms may suggest a malignancy; however, their 
absence does not exclude one.

See Table 1-1 for a list of symptoms that suggest specifi c causes of distention.
Medication use, including herbal and alternative therapies, should be reviewed, with par-

ticular attention to laxative dependence as a clue to Hirschsprung disease or another organic 
cause of constipation and to the use of agents that can cause GI ileus and constipation.
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Travel history should be covered to explore the possibility of geographically specifi c 
causes of distention, such as ascariasis, which in many parts of the world is a common cause 
of GI obstruction.

Given the vast diff erential diagnosis, the past medical history should be comprehensive. 
Conditions that predispose children to an intraabdominal malignancy include the WAGR 
syndrome (Wilms tumor, aniridia, genitourinary abnormalities, and mental retardation) 
and Denys-Drash syndrome, which are associated with increased risk for Wilms tumor, and 
Beckwith-Wiedemann syndrome, which puts aff ected children at increased risk for Wilms 
tumor, hepatoblastoma, and adrenal carcinoma. Children with trisomies, DNA fragility 
syndromes, and immunodefi cient states are at risk for lymphoma and leukemia. A history 
of abdominal surgery suggests the possibility of intestinal adhesions causing obstruction. 
Behavioral and psychiatric disorders should raise the question of a bezoar.

Th e family history should include questions about cystic fi brosis (meconium ileus), poly-
cystic kidney disease, metabolic diseases, and whether any history exists of fetal demise or 
early neonatal death that might indicate an unrecognized metabolic disease, some of which 
produce hepatomegaly, splenomegaly, and congenital ascites.

In newborns, additional clues may be found in the pregnancy history: oligohydram-
nios suggests distal urinary obstruction, whereas polyhydramnios is seen with upper GI 
obstruction.

For infants and toddlers with otherwise asymptomatic distention, a diet history may 
suggest that the child is at risk for rickets. One must be careful to diff erentiate a parent’s 
concern about the potbelly appearance of a toddler from more ominous reports of progres-
sive or marked distention or the perception of a mass.

In female adolescents, the possibility of a pregnancy mandates that a confi dential history 
of sexual activity be obtained. A history of amenorrhea despite advanced puberty raises the 
question of imperforate hymen with hematocolpos.

Physical Examination
Th e value of an unhurried, calm, reassuring, and gentle approach to the anxious younger 
child with an abdominal problem cannot be overstated. Having the child’s parents model 

Table 1-1
Symptoms That Suggest Causes of Abdominal Distention

SYMPTOM CAUSE

Fever Peritonitis

Diffuse severe pain Obstruction, peritonitis, pancreatitis

Constitutional symptoms–weight loss Malignancy

Perception of a mass Malignancy

Bilious or pernicious vomiting GI obstruction, ruptured ectopic pregnancy

Progressive, asymptomatic distention Malignancy, ascites

Malodorous stools Malabsorption

Amenhorrhea Imperforate hymen

Weakness Rickets
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the examination, using the child’s doll or toy to demonstrate what will happen, is key to 
achieving this. To this end, sometimes the examination table must be forgone in favor of 
lying the child down across the parent’s lap. Th e abdominal examination of an unwilling, 
anxious child who is struggling and crying is uniformly unsatisfying and nondiagnostic.

Th e profi le of the abdomen should be inspected with the child in a supine position, 
noting whether the distention is generalized (maximum at the umbilicus) or localized. 
Box 1-1 presents commonly encountered causes for focal abdominal distention and common 
masses. Th e pattern and prominence of the abdominal veins should be noted. Prominent 
superfi cial veins on the abdomen may indicate portal hypertension or obstruction to the 
systemic venous return. Th e abdomen should be auscultated for hyperactive bowel sounds 
(malabsorption, acute obstruction), rushes (incomplete obstruction), and absence of sounds 
(paralytic ileus), as well as for bruits (vascular malformation).

Percussion can be used to diff erentiate diff use from the more focal epigastric tympani 
and to identify shifting dullness in older children.

Gentle palpation should begin from the lower quadrants and progress upward so that the 
inferior edge of the liver and spleen are appreciated (massive hepatomegaly may be missed if 
the liver is compressible and the liver’s edge is near the child’s pelvis). Th e abdomen should be 
assessed for focal or generalized tenderness. Involuntary guarding noted on gentle palpation 
is a sensitive sign of peritoneal infl ammation; assessment of rebound tenderness in young 
children is vulnerable to false-positive results.

BOX 1-1

 Causes of Focal Abdominal Distention or Mass
EPIGASTRIUM

• Duodenal atresia
• Pyloric stenosis
• Malrotation
• Gastric duplication
• Bezoar

FLANK

• Wilms tumor
• Hydronephrosis
• Multicystic kidney
• Polycystic kidney
• Neuroblastoma
• Renal vein thrombosis
• Adrenal hemorrhage

RIGHT UPPER QUADRANT

• Choledochal cyst
• Hepatomegaly
• Hepatic tumors
• Hydrops of the

gallbladder

LEFT UPPER QUADRANT

• Splenomegaly
• Splenic cyst

RIGHT LOWER QUADRANT

• Ovarian mass
• Intussusception
• Appendiceal abscess
• Crohn disease
• Fecal mass

LEFT LOWER QUADRANT

• Ovarian mass
• Fecal mass

HYPOGASTRIUM

• Hydrometrocolpos
• Hematocolpos
• Fecal mass
• Presacral teratoma
• Obstructed bladder
• Urachal cyst
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When an abdominal mass is appreciated, the examiner should note its location and 
whether it is painful, is mobile (intraabdominal) or nonmobile (retroperitoneal, malignant), 
moves with respiration (liver and spleen), is cystic or solid or malleable (fecal masses), is 
smooth or nodular, and whether it crosses the midline (often seen with neuroblastoma). 
Ballottement—“throwing” the kidney anteriorly with a fi nger in the costovertebral angle 
while palpating the surface of the abdomen with the other hand—can help elicit masses in 
the fl ank that cannot be appreciated with simple palpation.

Although rectal examination is often avoided, properly done it can add considerable 
information to the evaluation of children who have constipation, anal stenosis, Hirschsprung 
disease, and pelvic masses.

Infants who have ascites have bilateral bulging fl anks in the supine position; in older 
children, the examiner may be able to elicit shifting dullness by percussion or appreciate a 
fl uid wave. An acquired umbilical hernia may indicate massive ascites.

In female patients, a genital examination is necessary to exclude imperforate hymen with 
hydrometrocolpos or, in adolescents, hematocolpos and pregnancy. In both sexes, lower geni-
tourinary tract malformation raises the question of upper genitourinary tract malformation.

Examination of the inguinal region and the scrotum in males for an inguinal hernia is 
always warranted with gaseous distention or symptoms of obstruction. Scrotal edema may 
accompany ascites caused by hypoalbuminemia.

Finally, an assessment of muscular tone and a search for the signs of rickets are warranted 
in all children whose distention remains unexplained.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis can be narrowed further based on whether the child has a tym-
panitic abdomen or prominent GI symptoms, a palpable mass, organomegaly, ascites, or 
hypotonia of the abdominal wall (Table 1-2). Causes of hepatomegaly and splenomegaly 
are reviewed separately in Chapters 39 and 73, respectively.

Life-threatening causes of abdominal distention are presented in Box 1-2.

Tympanitic Abdomen in Newborns and Neonates
Tympanitic abdominal distention may occur in healthy infants, in infants who have systemic 
conditions, and in newborns who have congenital causes of intestinal obstruction.

Some healthy infants experience transient mild distention because of air swallowing with 
crying or feeding. Th is distention is variable, greatest after feeding or fussing, and absent 
at other times. Vomiting is absent, and the stooling pattern and physical examination are 
normal.

In the ill newborn, many systemic conditions cause a paralytic intestinal ileus char-
acterized by quiet, nontender abdominal distention: sepsis, pneumonia, birth asphyxia, 
hypothyroidism, and electrolyte imbalance. In premature infants, necrotizing enterocolitis 
(NEC) should be considered.

Congenital causes of proximal GI obstruction causing distention in newborns include 
intestinal atresias, annular pancreas, and abnormalities of intestinal rotation and fi xation. 
Th e most common proximal GI obstruction is duodenal atresia,1 characterized by poly-
hydramnios in 50% of patients and the onset of bilious vomiting in the fi rst hours of life 
in conjunction with focal epigastric distention (Figure 1-1). Upright plain radiographs 
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Table 1-2
Differential Diagnosis of Abdominal Distention Based on 

Physical Examination Findings
PHYSICAL SIGN POSSIBLE CAUSES

Tympanitic abdomen GI ileus
GI obstruction
Peritonitis
Malabsorption
Aerophagia
Pneumoperitoneum

Palpable mass Renal tumor or hydronephrosis
Adrenal, sympathetic chain tumor
Hepatomegaly or hepatic tumor
GI duplication
Mesenteric, omental cyst
Ovarian cyst or tumor, hematocolpos
Splenic or lymphatic enlargement or tumor

Ascites Hypoalbuminemia from nephrosis, protein-losing enteropathy
Hepatic cirrhosis, liver failure
Heart failure
Urinary ascites from a ruptured urinary tract
Chylous ascites—congential, traumatic, postoperative

Abdominal wall hypotonia Generalized hypotonia
Rickets
Hypothyroidism

Signs of peritonitis GI perforation
Bacterial peritonitis
Chemical peritonitis–leak of bile or pancreatic fl uid

BOX 1-2

 Life-Th reatening Causes of Abdominal Distention
• Sepsis
• Peritonitis (GI perforation, infected ascites, 

primary bacterial, chemical)
• Intraabdominal bleeding
• Liver, spleen, or GI laceration or hematoma
• Severe pancreatitis

• Splenic sequestration crisis
• Acute renal failure
• Acute liver failure
• Ruptured ectopic pregnancy
• Severe electrolyte disturbances or 

toxicological etiologies leading to ileus

are diagnostic of duodenal obstruction when they demonstrate the double-bubble sign. 
Because malrotation is present in up to 19% of patients who have intrinsic duodenal obstruc-
tion, a barium enema should establish normal intestinal rotation in infants whose surgery 
is deferred.

Upper abdominal distention is a common, although not universal, fi nding in newborns 
and infants who have symptomatic intestinal malrotation,2 most of whom have bilious 
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vomiting in the fi rst 4 weeks of life. Plain radiographs may demonstrate a distended stom-
ach or duodenal distention with a paucity of gas distally, or the radiographs may appear 
normal. Th erefore, clinical suspicion even in the face of a normal plain radiograph warrants 
an upper GI series.

Congenital causes of lower intestinal obstruction include distal intestinal atresias, meco-
nium ileus, Hirschsprung disease, small left colon syndrome, and anorectal malformations. 
Newborns who have lower intestinal obstruction typically develop generalized tympanitic 
distention over the course of 24 to 48 hours, with bilious vomiting and failure to pass 
meconium. Although an imperforate anus or an incarcerated hernia will be apparent on 
physical examination, diff erentiation of the remaining causes of lower intestinal obstruction 
involves radiographic evaluation.

Marked tympanitic abdominal distention can be a manifestation of pneumoperitoneum, 
which is demonstrated by upright and cross-table lateral abdominal radiographs revealing 
free air within the peritoneum. When pneumoperitoneum is associated with peritoni-
tis, intestinal perforation is likely, and the causes include NEC, volvulus, an intestinal 
obstruction causing perforation, appendicitis, and spontaneous perforations. In infants 
on a respirator, pneumoperitoneum may occur without peritonitis as a complication of 
pneumomediastinum.

Tympanitic Abdomen Beyond the Neonatal Period
Beyond the neonatal period, the causes of a tympanitic abdomen include intestinal ileus, 
mechanical obstruction, pneumoperitoneum, and malabsorption.

Children with paralytic ileus have a clinical picture similar to that seen with distal mechan-
ical bowel obstruction; however, bowel sounds are diminished or absent, and plain radio-
graphs demonstrate air throughout the GI tract. Common precipitants include abdominal 
surgery, peritonitis, trauma, shock, sepsis, hypokalemia, and anesthesia, as well as numerous 
medications.

GI obstruction causing a tympanitic abdomen beyond the neonatal period can be either a 
late presentation of a congenital problem or an acquired condition, including an intraluminal 
obstruction such as pyloric stenosis, intussusception, a bezoar, meconium ileus equivalent, 
intestinal polyps, ascariasis, or an intrinsic tumor. Extraluminal obstructions include postop-
erative adhesions, an appendiceal abscess, a Meckel diverticulum, and extrinsic compression 
by abdominal or pelvic masses.

  Figure 1-1
 Newborn infant with duodenal atresia and upper abdominal distention.         
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Tympanitic distention occurs in conjunction with the fat malabsorption syndromes, 
cystic fi brosis, and celiac disease. Th ese conditions are characterized by steatorrhea and vari-
able degrees of malnutrition and suboptimal growth. Although idiopathic constipation is 
extremely common throughout childhood and impaction can cause abdominal distention 
(Figure 1-2), marked distention or recurrent distention should not be attributed to functional 
constipation (see Chapter 11, Constipation).

Abdominal Masses in Newborns and Neonates
Two-thirds of abdominal masses in neonates originate from the kidney or the urinary 
tract.3 Renal masses are retroperitoneal, nonmobile, and appreciated either in the fl ank or 
on deep abdominal palpation. Cystic masses predominate and have a slightly compress-
ible quality. A multicystic kidney is the single most common neonatal fl ank mass. It can 
be appreciated on physical examination as a soft mass with a slightly irregular contour. 
Th e next most frequently encountered renal mass is caused by hydronephrosis. A smooth 
unilateral fl ank mass in an otherwise well newborn is usually from a ureteropelvic junction 
obstruction. Posterior urethral valves, a common cause of bilateral hydronephrosis and 
hydroureters in male infants, may present as bilateral fl ank masses or a palpable bladder. 
Newborns who have autosomal recessive polycystic kidney disease may have palpable 
bilateral fi rm fl ank masses, oliguria, hematuria, and hypertension. Th e most common 
renal tumor encountered in newborns is a mesoblastic nephroma, a tumor that can cause 
massive unilateral nephromegaly.

Renal vein thrombosis is a rare but important cause of a smooth fl ank mass and hema-
turia, which develop concurrently in an ill newborn after an episode of asphyxia, sepsis, or 
dehydration or in an infant whose mother has diabetes.

Of the remaining one third of neonatal abdominal masses that arise outside the urinary 
tract, neuroblastoma, GI duplications, hydrometrocolpos, and ovarian cysts account for a 
large proportion.3

When a newborn has a palpable fl ank mass after a traumatic or breech delivery, the 
possibility of an adrenal hemorrhage should be considered, as should hepatic and splenic 
hematomas.

  Figure 1-2
 Thirteen-year-old girl with severe fecal impaction.          
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Female newborns may have a lower abdominal or pelvic mass from hydrometrocolpos. An 
imperforate hymen will be evident on the genital examination as a bulging round membrane 
within the introitus. A rectal examination can be diagnostic for the presence of a dilated 
vagina in higher obstructions.

Although rare, a signifi cant number of benign epithelial cysts may arise in the neonatal 
period, including choledochal cysts (right upper quadrant), splenic cysts (left upper quad-
rant), mesenteric cysts (midabdominal, mobile in the transverse plane), and urachal cysts 
(hypogastrium). Retroperitoneal cysts include abdominal lymphangiomas and pancreatic 
cysts.

Abdominal Masses Beyond the Neonatal Period 
Th e diff erential diagnosis of masses in infants and older children includes late presentations 
of congenital masses, malignancies, fecal masses, bezoars, and pancreatic pseudocysts. Of 
the congenital masses, GI duplications, mesenteric cysts, and choledochal cysts may enlarge 
slowly and become apparent in later infancy or childhood. Similarly, an adolescent who has 
an imperforate hymen or vaginal septum may not become symptomatic with hematocolpos 
until the onset of cyclical uterine bleeding.

Th e abdomen is the site of origin of Wilms tumor, hepatic tumors, ovarian tumors, 
about 70% of neuroblastomas, and 30% of non-Hodgkin lymphomas. Neuroblastoma, 
Wilms tumor, and hepatoblastoma may produce an asymptomatic abdominal distention 
or mass that is noted by the parent during bathing or dressing the child or by the physician 
on routine physical examination. Wilms tumor tends to occur in older infants and toddlers, 
with a peak incidence in 2- to 5-year-old children (Figure 1-3). Hepatoblastoma, the most 
common primary hepatic malignancy in childhood, is also overwhelmingly discovered as an 
asymptomatic abdominal mass, with a median age at diagnosis of 12 months. In the second 
decade, tumors detected as an abdominal mass are predominantly ovarian (Figure 1-4) or 
non-Hodgkin lymphoma.

Fecal masses are extremely common in childhood and adolescence and may be found 
in the right lower quadrant (when a redundant sigmoid colon loops to the right), in the 
hypogastrium, or in the left lower quadrant. Th ey are mobile, nontender, and malleable. 
Reexamination after laxative therapy should confi rm that the masses are no longer present.

Bezoars, which are intragastric concretions of indigestible material, can cause a large 
array of GI complications, including upper abdominal discomfort and a large mass. Most 
commonly, they result from the ingestion of hair.

A B

Figure 1-3
  A,  Abdominal distention from a right-sided Wilms tumor.  B,  Computed tomographic scan of tumor.
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Ascites
Th e newborn with ascites has a distended, nontympanitic abdomen with bulging and dull-
ness in the fl anks, fi ndings that may be mimicked by a massively dilated bladder, a severely 
hydronephrotic kidney, or a large ovarian cyst. In the newborn, ascites results most often 
from a perforation within an obstructed urinary tract; in boys, posterior urethral valves are 
a common precipitant.4

Beyond the neonatal period, ascites occurs most commonly as a consequence of nephrotic 
syndrome. It is also commonly seen in chronic liver disease with cirrhosis and portal hyper-
tension, and in congestive heart failure.

Chylous ascites is a rare condition that occurs when lymphatic fl uid leaks directly into 
the peritoneum because of a malformation or perforation of the intestinal lymphatics. Th e 
diagnosis is made by paracentesis.

Abdominal Wall Hypotonia
Abdominal distention is frequently encountered in healthy infants and may also be seen 
in infants with a variety of neuromuscular conditions that produce generalized hypotonia. 
Hypothyroidism and rickets can cause abdominal distention to develop insidiously.

Radiographic Approach
Although the history and physical examination sometimes provide the diagnosis, many 
children who have abdominal distention require radiographic imaging. Th e choice of initial 
imaging modality is dictated by clinical suspicion, primary fi ndings on physical examination, 
and locally available resources and expertise.

Given that a single abdominal computed tomography (CT) scan can deliver the same 
radiation dose as 250 chest radiographs, the judicious and informed use of CT scanning for 
the evaluation of children with abdominal distention is encouraged.

Therefore, consulting with the radiologist is helpful. Some general guidelines for 
choosing an initial radiologic study are presented in Figure 1-5.

  Figure 1-4
 Lower abdominal distention caused by ovarian teratoma.         
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Th e author wishes to thank Kenneth Kenigsberg, MD, for providing the photographs used 
in this chapter.

When to Admit

Abdominal distention in the presence of:
• Refractory vomiting, dehydration
• Peritonitis
• Toxic or septic appearance
• Moderate or severe pain that is undiagnosed or not well controlled
• Mass suspicious for malignancy
• Urgently needed surgical or radiologic procedures

TOOLS FOR PRACTICE

Medical Decision Support
• Evaluation and treatment of constipation in infants and children: recommendations of

the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition 
(guideline), North American Society for Pediatric Gastroenterology, Hepatology and 
Nutrition (www.naspghan.org/user-assets/Documents/pdf/PositionPapers/constipation.
guideline.2006.pdf )

• North American Society for Pediatric Gastroenterology, Hepatology and Nutrition (Web site), 
(www.naspghan.org)

Tympanitic abdomen
Prominent gastrointestinal symptoms

Asymptomatic distention with
inconclusive examination

Ultrasonography will identify neuroblastomas, Wilms
tumors, or hepatoblastomas.

Suspected ascites

Ultrasonography will differentiate ascites
from cysts, hydronephrosis. It offers supplemental

information on urinary tract if urinary ascites is
suspected, as well as liver disease.

Suspected flank, abdominal, or pelvic
mass, hepatosplenomegaly, prominent

urinary tract symptoms or findings

Ultrasonography will differentiate free ascitic fluid
from large cystic lesions and can suggest a ruptured

urinary tract.

1. Newborns: Single, supine, plain radiograph; follow 
with contrast study for gastrointestinal obstruction

2. Intussusception suspected: Supine, prone, and 
left lateral plain films—ultrasound

3. Peritonitis with suspected appendicitis: 
Ultrasonography followed by computed tomography

Figure 1-5
Initial radiographic approach to abdominal distention in infants and children.

http://www.naspghan.org/user-assets/Documents/pdf/PositionPapers/constipation.guideline.2006.pdf
http://www.naspghan.org/user-assets/Documents/pdf/PositionPapers/constipation.guideline.2006.pdf
http://www.naspghan.org
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Chapter 2

Abdominal Pain
Anthony M. Loizides, MD; Katherine Atienza Orellana, DO; John F. Th ompson, MD

Abdominal pain is one of the most common symptoms in children and adolescents and is 
estimated to account for approximately 5% of unscheduled offi  ce visits.1 Acute abdominal pain 
may require medical or surgical intervention to prevent disability or even death. Th e precise 
number of children who experience acute abdominal pain is unknown, but acute appendicitis is 
the most common abdominal emergency in the pediatric population, with an estimated 81,000 
appendectomies performed in the United States annually.2 More commonly, abdominal pain 
is a recurrent symptom not associated with physical disability or mortality.3

Abdominal pain is determined by several diff erent factors, including the provocation 
itself, the type of receptor involved, the organization of the neural pathways from the site of 
injury to the central nervous system, and complex communication between transmission, 
understanding, and reaction to pain. Abdominal pain is transmitted through distinct types 
of aff erent nerve fi bers. Th ese result in the perception of 3 diff erent types of abdominal pain: 
visceral, parietal, and referred pain.

Th e principal mechanical signal to which visceral nociceptors are sensitive is stretch, and 
visceral pain is transmitted by nonmyelinated nerves that are found in muscle, mesentery, perito-
neum, and viscera. Pain from abdominal viscera tends to be burning, dull, diff use, crampy, poorly 
localized, more gradual in onset, and long in duration. Abdominal organs convey sensation to 
both sides of the spinal cord; therefore, visceral pain is usually perceived to be in the midline. 
Th e area involved may be contingent on the organ aff ected. For example, lower esophageal, 
gastric, and duodenal pain tends to be felt in the epigastrium. Small intestinal distention may 
be periumbilical or in the hypogastrium. Colonic pain may be felt in the lower abdomen. 
Innervation of most viscera is multisegmental, and because there are fewer nerve endings in 
the viscera than in more sensitive organs such as the skin, visceral pain is not well localized. 
Secondary eff ects such as sweating, restlessness, nausea, vomiting, perspiration, and pallor often 
accompany visceral pain. Th e patient may shift position in an attempt to relieve the distress.

Parietal pain is mediated by myelinated nerve receptors that are distributed principally to 
skin and muscle. Th ese pain receptors respond to tearing or infl ammation. Pain is perceived 
as sharp, sudden, and well-localized such as that which follows an acute injury. Parietal 
pain occurring from injurious stimulation of the parietal peritoneum is more powerful and 
more precisely localized than visceral pain. In acute appendicitis, early vague periumbilical 
visceral pain is followed by the localized parietal pain at McBurney point that is produced by 
infl ammatory involvement of the parietal peritoneum. Parietal pain is typically heightened 
by movement. Refl exive responses, such as abdominal rigidity and involuntary guarding, 
are facilitated by spinal refl ex arcs that contain parietal pain pathways.4
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Referred pain results from the interplay between visceral and parietal pain. It is 
felt in regions distant from the diseased organ and results when visceral and somatic 
neurons from diff erent areas meet at second-order neurons in the same spinal segment 
as nerve fi bers from cutaneous dermatomes. Examples of this type of pain include 
referred right scapular pain secondary to acute cholecystitis and mid-back pain from 
acute pancreatitis.

Functional abdominal pain (FAP), the most common cause of chronic abdominal pain 
in the pediatric population, was fi rst characterized by Apley and Naish as pain that occurs 
at least 3 times over a period of 3 or more months severely enough to aff ect daily activities 
in children older than 3 years.5 Th e prevalence of FAP is estimated to be between 0.3% 
and 19%, although in large studies the prevalence is far lower, 0.3% to 8%.6 One reason 
for the broad range may be the lack of uniformity of criteria for making the diagnosis of 
FAP: its defi nitions may be too broad and may include other functional gastrointestinal 
disorders, such as functional dyspepsia.6

A multidimensional measurement of FAP has been created,7 which, according to 
the Rome III criteria, must include episodic or continuous abdominal pain, insuffi  cient 
criteria for other functional gastrointestinal disorders, and absence of an infl ammatory, 
anatomic, metabolic, or neoplastic process that explains the subject’s symptoms. Th e expe-
rience of the pain must occur once a week for at least 2 months. Regardless, no consensus 
exists on an exact defi nition. Some trends have been noted, such as a higher prevalence 
of FAP in girls. Th e highest prevalence occurs in children between 4 and 6 years of age and 
in early adolescence. Studies have also demonstrated associations between FAP and the 
child’s family dynamics (eg, children living in a single-parent household are more likely 
to experience chronic abdominal pain8), psychological comorbidity such as anxiety,9 and 
socioeconomic environment (eg, children living in low-income, low-educated–worker 
families are more likely to experience pain).10

Criteria have been established to categorize FAP. Initially, the Rome I criteria, later 
updated as Rome II, improved the defi nition of functional gastrointestinal disorders. 
Although this classifi cation system can help categorize patients so that appropriate treat-
ment options can be considered, not all children can be clearly placed in these categories. 
Some authorities have argued against using the classifi cation in children,11 with one major 
reason being that the most common location of FAP is periumbilical pain, which is not in 
the Rome II criteria. Twenty-seven percent of children with abdominal pain do not meet 
Rome II criteria overall.12

Pediatric gastroenterologists have identifi ed and developed similar criteria for childhood 
functional disorders, including FAP.13 Th ese criteria—the Rome III Criteria for Functional 
Bowel Disorders Associated With Abdominal Pain or Discomfort in Children—are based on 
symptom classifi cation. Four classes were identifi ed, including functional dyspepsia, irritable 
bowel syndrome, childhood functional abdominal pain as defi ned above (with a subgroup 
of children having childhood functional abdominal pain syndrome), and abdominal 
migraine. Th e usefulness of the Rome III criteria still needs to be established.14

As diffi  cult as characterizing diff erent types of FAP is assessing the eff ectiveness of various 
treatments. Signifi cant inconsistencies exist in the methodologic approaches currently used to 
assess pain.15 Th e infl uence of age and developmental maturation, individual diff erences (eg, 
temperament, coping patterns), family interactions, and community and cultural contexts 
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may infl uence the expression of FAP, and these areas have not been addressed in the assess-
ment of pain. To attend to some of these issues, a multidimensional analytic approach has 
been developed to assess the primary outcome in clinical trials.7

In light of suboptimal classifi cation and assessment tools, a symptom-based diff er-
ential diagnosis with an emphasis on identifying the warning signals for organic disease 
is currently the most useful approach to patient care. Pediatricians and other physicians 
must recognize that chronic abdominal pain can lead to signifi cant dysfunction and 
disability, with school absences, repeated visits to health care professionals, and second-
ary psychological problems if assessment and initiation of treatment are either ignored 
or delayed.16

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of acute abdominal pain can be subdivided into 3 broad categories: 
conditions that require immediate surgical intervention (Box 2-1), conditions that may be 
managed medically at fi rst but may require surgical involvement (Box 2-2), and conditions 
that can be managed medically (Box 2-3).17 Th e diff erential diagnosis of acute abdominal 
pain based on age is provided in Box 2-4. Th e diff erential diagnosis of chronic or recurrent 

BOX 2-1

Diff erential Diagnosis of Acute Surgical Abdomen
• Closed loop intestinal obstruction
• Volvulus (gastric, midgut, sigmoid)
• Incarcerated hernia (inguinal, internal, 

external)
• High-grade bowel obstruction
• Nonreducible intussusception
• Malrotation with Ladd bands

• Ovarian torsion
• Testicular torsion
• Acute appendicitis
• Perforated viscus with diff use peritonitis 

or toxicity
• Ruptured tumor
• Ectopic pregnancy 

BOX 2-2

Diff erential Diagnosis of Acute Abdominal Pain 
Th at May Require a Combined Surgical and Medical 
Approach
• Partial small bowel obstruction
• Postsurgical adhesions
• Crohn disease
• Lymphoma
• Periappendiceal abscess
• Abdominal abscess

• Cholecystitis
• Gallbladder hydrops
• Pancreatitis
• Pancreatic pseudocyst
• Toxic megacolon or typhlitis
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BOX 2-3

Diff erential Diagnosis of Acute Abdominal Pain Th at 
May Require Medical Management
• Upper respiratory infection, pharyngitis
• Viral gastroenteritis (mesenteric adenitis)
• Pneumonia
• Partial bowel obstruction
• Paralytic ileus
• Fecal impaction
• Meconium ileus equivalent in cystic fi brosis
• Bacterial enterocolitis
• Acute gastritis or peptic ulcer
• Acute constipation
• Flare of functional abdominal pain
• Acute hepatitis
• Perihepatitis (Fitz-Hugh–Curtis syndrome)
• Infl ammatory bowel disease (Crohn disease

and ulcerative colitis)

• Henoch-Schönlein purpura
• Hemolytic uremic syndrome
• Collagen vascular disease
• Hereditary angioedema
• Pyelonephritis
• Renal calculi
• Pelvic infl ammatory disease
• Sickle cell crisis
• Diabetic ketoacidosis
• Dysmenorrhea
• Mittelschmerz
• Poisoning
• Porphyria
• Intestinal gas pain

BOX 2-4

Main Causes of Acute Abdominal Pain by Age
NEONATE

• Necrotizing enterocolitis
• Spontaneous gastric perforation
• Hirschsprung disease
• Meconium ileus
• Intestinal atresia or stenosis
• Peritonitis owing to gastroschisis

or ruptured omphalocele
• Traumatic perforation of viscus (diffi  cult

birth)

INFANT (�2 YEARS)

• Colic (�3 months)
• Acute gastroenteritis or viral syndrome
• Traumatic perforation of viscus (child abuse)
• Intussusception
• Incarcerated hernia
• Volvulus (malrotation)
• Sickling syndromes

SCHOOL AGE (2–13 YEARS)

• Acute gastroenteritis or viral syndrome
• Urinary tract infection
• Appendicitis
• Trauma
• Constipation
• Pneumonia
• Sickling syndromes

ADOLESCENT

• Acute gastroenteritis or viral syndrome
• Urinary tract infection
• Appendicitis
• Trauma
• Constipation
• Pelvic infl ammatory disease
• Pneumonia
• Mittelschmerz
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BOX 2-5

Main Causes of Chronic Abdominal Pain by System
GI TRACT

• Gastroesophageal refl ux disease
• Helicobacter pylori gastritis
• Peptic ulcer
• Esophagitis
• Lactose intolerance
• Celiac disease
• Parasitic infection (Giardia, Blastocystis 

hominis)
• Infl ammatory bowel disease
• Meckel diverticulum
• Malrotation with intermittent volvulus
• Chronic appendicitis
• Constipation

GALLBLADDER, LIVER, 
AND PANCREAS

• Cholelithiasis
• Choledochal cyst
• Hepatitis

• Liver abscess
• Recurrent pancreatitis

GENITOURINARY TRACT

• Hydronephrosis
• Urinary tract infection
• Urolithiasis
• Dysmenorrhea
• Pelvic infl ammatory disease
• Mittelschmerz

MISCELLANEOUS

• Familial Mediterranean fever
• Malignancies
• Sickle cell crisis
• Lead poisoning
• Vasculitis (especially Henoch-Schönlein 

purpura)
• Angioneurotic edema
• Acute intermittent porphyria 

abdominal pain include those functional entities defi ned in the Rome III criteria as well as 
nonfunctional entities as shown in Box 2-5.

Entities that may require combined surgical and medical management are primarily 
associated with the gastrointestinal lumen as well as its associated organs (see Box 2-2) 
and can include postsurgical complications such as abdominal abscess or pancreatitis.

Th e concept of referred pain is especially relevant when discussing acute abdominal pain 
in children. A complete history may provide crucial information that suggests the abdominal 
pain may originate outside the abdomen. For example, a 3-year-old who has pneumonia 
may have infl ammatory irritation of the diaphragm, resulting in acute abdominal pain as the 
presenting complaint. In addition, perihepatitis (Fitz-Hugh–Curtis syndrome) can produce 
acute abdominal pain, and the physician should be sensitive to an adolescent girl’s possible 
reluctance to spontaneously disclose a history of sexual intercourse. Th e diff erential diagnoses 
of medical entities, including those that are extraabdominal or systemic, are listed in Box 2-3.

Box 2-4 lists some of the major diagnostic considerations for acute abdominal pain in 
children by age.17 Although diagnostic considerations overlap for each age group, the child’s 
age and physiologic development can help the physician focus the diff erential diagnosis. 
For example, Hirschsprung disease should be considered more likely in an infant in the 
fi rst weeks of life; Mittelschmerz should most certainly be in the diff erential diagnosis for 
an adolescent girl.
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Th e cause of chronic abdominal pain in an adolescent female merits particular attention 
as it may be gynecologic, resulting from dysmenorrhea, endometriosis, pelvic infl ammatory 
disease, or ovarian abnormalities.18 Dysmenorrhea is common among adolescent females: up 
to 90% report symptoms when surveyed, but only 40% have told their physician about the 
pain. Dysmenorrhea is categorized into primary and secondary dysmenorrhea, depending 
on whether there is underlying pelvic pathology. Symptoms usually begin 6 to 12 months 
after menarche. Patients complain of lower abdominal pain that is crampy, spasmodic, stab-
bing, or dull. Th e pain typically occurs during menstruation but can begin a day or 2 before 
the onset of menses. Other symptoms can include nausea, vomiting, and diarrhea (see 
Chapter 18, Dysmenorrhea). Adolescents with endometriosis can present with cyclic abdomi-
nal pain, nausea, diarrhea, and constipation in addition to typical symptoms of dysmenor-
rhea. Th e pain may be severe enough for patients to miss school, visit their pediatrician, or 
go to an emergency department for medical care. Sexually active adolescents can have lower 
abdominal pain from pelvic infl ammatory disease and may even have fever and vomiting 
depending on the severity of the infection. Ovarian abnormalities that may cause pain include 
ovarian cysts, ruptured ovarian cysts, ovarian torsion, and Mittelschmerz.

Constipation is a frequent cause of abdominal pain and should be considered when a 
child presents with chronic abdominal pain. Th ree percent of general pediatric outpatient 
visits and 25% of pediatric gastroenterology consultations are related to possible dysfunction 
of defecation.19 Th e stool history may be unreliable, and an abdominal radiograph may not 
be helpful,20 but serious consideration should be given to empirical treatment with a stool 
softener (see Chapter 11, Constipation).

 EVALUATION
History
Th e approach to the evaluation of abdominal pain begins with a complete history and a 
thorough physical examination. Th e fi ndings should direct the use of selected laboratory 
studies that are based on a reasonable diff erential diagnosis and will permit a clear therapeutic 
strategy to be created. Figure 2-1 summarizes the evaluation of the child or adolescent who 
has abdominal pain.21,22 Th e history alone accounts for most of the data the physician uses 
in making a diagnosis.

A systematic history should elicit information about the location, onset, and severity 
of the pain, alleviating and precipitating factors, and associated symptoms. Th e timing of 
the onset and changes in the intensity, location, and quality of pain over time are essential 
factors in determining its cause. For children or adolescents who have recurring abdominal 
pain, information about the timing of the onset of the pain in relation to other events 
(eg, mealtime, school days), as well as the duration of each episode and the frequency 
of recurrence, is helpful. Th e eff ect of abdominal pain on school, work, sleep, and mood 
should be assessed. Additional information about family (inherited disorders, concurrent 
illnesses, chronic pain disorders), medical history (prior surgery, chronic medication, faltering 
growth), and environmental or behavioral factors (recent changes in family or school, travel, 
unusual food) should also be obtained. In adolescents, additional history should include 
menstrual history in females, sexual history, drug and alcohol use, and screening for depres-
sion. Th e timing of abdominal pain in relation to menses must be considered.
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History

Yes No

Is the pain acute?

Yes No

Is urgent medical or surgical
intervention indicated?

• Complete history and 
 physical examination
• Urinalysis
• Directed laboratory studies 
 and imaging

• Directed laboratory studies 
 and imaging
• Referral and consultation as
 indicated
• Specific directed treatment

• Complete history and 
 physical examination
• Urinalysis

Identify diagnostic categories
of recurrent pain

Dysfunctional or psychogenic
or organic

Follow principles of
management of recurrent
abdominal pain to develop

specific treatment plans

  Figure 2-1
 Evaluation of child or adolescent who has abdominal pain.         

One must keep in mind that pain frequency, severity, location, presence or absence of 
associated symptoms, and eff ects on lifestyle cannot be used to distinguish between an organic 
or a functional cause for chronic abdominal pain. Nonetheless, children with FAP are more 
likely than children without FAP to have headache, joint pain, anorexia, vomiting, nausea, 
excessive gas, and altered bowel symptoms. Th e presence of alarming symptoms or signs 
suggests a higher probability or prevalence of organic disease and may justify performing 
diagnostic tests and referring the child to a subspecialist. Alarm symptoms or signs include, 
but are not limited to, involuntary weight loss, deceleration of linear growth, gastrointesti-
nal blood loss, signifi cant vomiting, chronic severe diarrhea, persistent right upper or right 
lower quadrant pain, unexplained fever, and family history of infl ammatory bowel disease 
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(see When to Refer).23 No single test can diagnose FAP. In patients with FAP a component 
of pain can be visceral hyperanalgesia,24 which provides a physiologic explanation of 
symptoms in children who have distinct functional gastrointestinal disorders.

Th e physician should help the family understand the importance of the history during 
the assessment. Both the parents and the patient should be interviewed. Patients must feel 
comfortable in discussing their own symptoms and concerns, even if these are diff erent from 
those expressed by the parents. Confi dentiality should be addressed with the adolescent 
patient when the parent is not present. Obtaining a history from the patient without the 
parents is therefore often useful; similarly, the parents may want to relate some of their con-
cerns without the child being present. Important diagnostic information can be missed if the 
pediatrician does not give the child and parents the opportunity to provide separate histories.

In addition to the presence of specifi c symptoms and positive history, negative aspects 
of the history can provide important information to narrow the diff erential diagnosis. For 
example, the absence of dysuria in an older child or adolescent would make the diagnosis 
of urinary tract infection unlikely.

Physical Examination
Specifi c fi ndings on the physical examination of children with FAP have rarely been described. 
Th e presence of tenderness on abdominal palpation has been reported to be characteristic of 
children with recurrent episodes of abdominal pain without evidence of organic disease,25 but 
most children’s physical examination will be normal. A normal examination and the absence 
of alarm signals point toward a functional diagnosis for abdominal pain. A complete physical 
examination, however, including a careful external examination of the urethral orifi ce and 
vaginal orifi ce as well as a rectal examination, should always be part of an initial assessment 
of abdominal pain. Th e history of the presenting symptoms will alert the pediatrician to 
consider more specifi c aspects of the physical examination.

Laboratory Evaluation
Laboratory and diagnostic studies performed without any medical indications are generally 
not helpful and may actually hinder the therapeutic suggestions made by the pediatrician in 
FAP. Th e common pitfall of overtesting occurs when the physician responds to the parents’ 
initial request to rule everything out by performing a battery of laboratory or radiographic 
studies.26 Maintaining a systematic approach to FAP will not only minimize the use of 
expensive, unnecessary laboratory studies but will also decrease recurrent emergency visits 
and, most important, prevent a delay in beginning eff ective treatment.

Dysfunctional and psychogenic causes account for most diagnoses of FAP, with organic 
causes identifi ed in only approximately 5% to 8% of cases. However, diagnostic testing is 
indicated when alarm signals or abnormal physical fi ndings suggest the possibility of an 
organic disorder. Tests to consider are listed in Box 2-6. When the history and physical 
examination indicate a dysfunctional or psychogenic cause, urinalysis could suffi  ce as the 
initial laboratory study, but suggested screening laboratory tests are listed in the table below.

Laboratory and other diagnostic studies such as urinalysis (particularly in female patients 
of childbearing age), stool, or genital tract cultures; serum chemistries or erythrocyte sedi-
mentation rate; radiographic studies (eg, barium swallow, upper or lower gastrointestinal 
series, gallbladder series); and abdominal or pelvic ultrasound or computed tomographic 
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scans should be directed to evaluate specifi c concerns identifi ed in the history and physical 
examination. For example, when pancreatitis is suspected, laboratory investigations should 
include amylase and lipase. When indicated, abdominal and pelvic ultrasound provides 
a safe, noninvasive way to assess bowel and pelvic organ structures and help clarify the 
need for urgent surgical intervention (eg, intussusception, ovarian torsion, kidney abscess). 
In general, the physician should consider the least invasive procedures fi rst, keeping in 
mind the cost of special studies in terms of pain, discomfort, and time.

Common laboratory tests (complete blood cell count, erythrocyte sedimentation rate, 
comprehensive metabolic panel, urinalysis, stool parasite analysis)27 are not helpful in dis-
tinguishing between organic and functional abdominal pain. Th e coexistence of abdominal 
pain and an abnormal test result does not necessarily indicate a cause-and-eff ect relationship. 
For example, eliminating dietary lactose as the treatment for patients with demonstrable 
lactose malabsorption does not necessarily result in the resolution of abdominal pain. 
Children found to have Helicobacter pylori infection are not more likely to have abdominal 
pain than children without H pylori.23

Imaging Studies
Ultrasound of the abdomen or pelvis is not useful in the absence of alarm symptoms. When 
atypical symptoms are present, such as jaundice,23 urinary symptoms, back or fl ank pain, 
vomiting, or abnormal fi ndings at physical examination, abdominal and pelvic ultrasound is 
more likely than not to detect an abnormality. Endoscopy with biopsy in the absence of alarm 
symptoms similarly fails to reveal organic disease.23 Insuffi  cient evidence exists to suggest that 
the use of esophageal pH monitoring in the absence of alarm symptoms results in fi nding 
organic disease.23 In patients who experience recurrent vomiting, an upper gastrointestinal 
series should be considered to defi ne potential anatomic abnormalities such as gastric outlet 
disorder or malrotation. Th e choice of radiologic test should be guided by the diff erential 
diagnosis generated by the history and the physical examination.

 TREATMENT
Th e treatment of abdominal pain that results from an organic process should be pursued 
according to accepted practice guidelines for that condition. Th e treatment of FAP should be 

BOX 2-6

Suggested Screening Laboratory Tests
ALL PATIENTS

• Complete blood count with diff erential
• Erythrocyte sedimentation rate
• Comprehensive metabolic panel
• Stool hemoccult

DIARRHEA

• Stool ova and parasite
• Giardia enzyme-linked immunosorbent assay

• Clostridium diffi  cile toxin or PCR
• Celiac panel
• Lactose or fructose breath test
• Dyspepsia
• Helicobacter pylori stool antigen testing
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approached as a biopsychosocial phenomenon. FAP is still real pain. However, the response 
to pain can be subjective and understood through life experience. Th e treatment may there-
fore be a combination of psychotherapy, pharmacology, dietary, or alternative medicine 
techniques. It must always begin with educating the child and parent about the cause of 
the pain and the treatment plan. Th is approach not only improves the adherence to the 
treatment plan but also has been shown to aff ect the outcome. Treatment response may be 
infl uenced by whether the parents perceive the pain to have an organic cause.28 Similarly, 
children of parents who are open to a psychiatric consultation are more likely than not to 
report less pain.28

 MANAGEMENT
A discussion of FAP as a real entity that is a product of an alteration in the brain-gut axis 
makes understanding the cause of the pain easier for parents. A good analogy is that of a 
migraine: no specifi c test exists to confi rm the diagnosis, but stress and other inciting events 
may trigger a headache. When explained this way, parents may be better able to understand 
that the current thinking of autonomic dysfunction and visceral hypersensitivity as causes 
of the child’s recurrent FAP does not mean that the pain is purely in the child’s head or 
solely the eff ect of an undiagnosed physical ailment. Equally important is to inform the 
parents that the goal of therapy is not so much to arrive at a diagnosis, but rather to be 
able to have the child resume the lifestyle that preceded the onset of the abdominal pain, 
including school attendance, sleep patterns, and appetite.

Psychosocial Treatment
Several diff erent psychological strategies have been tried in a variety of conditions associated 
with functional pain, including treatment aimed at individuals or parent–child couples in 
one-to-one contacts with a therapist, group-based interventions, or a mixture of individual and 
group treatment. Psychological treatments, principally relaxation and cognitive-behavioral 
therapy, are eff ective in reducing the severity and frequency of chronic headache in children 
and adolescents. However, no evidence has been found for the eff ectiveness of psychological 
therapies in attenuating pain in conditions other than headache.29,30

Cognitive-behavioral therapy that combines operant elements and stress management 
may provide an eff ective treatment for FAP, however.31 Cognitive-behavioral therapy results 
in short-term improvement, with more than one-half of patients experiencing freedom 
from pain.32,33 Th e child’s coping skills and the parent’s caregiving strategies predict the 
eff ectiveness of treatment.34 Disengagement and involuntary engagement are correlated 
with increased anxiety, depression, and somatic symptoms. Anxiety as a comorbidity has 
also been associated with FAP,35 and therefore psychological therapy may be used as a 
strategy in treating FAP.

Alternative medical techniques for the treatment of functional gastrointestinal disorders, 
including FAP of childhood, are becoming more common.36 Specifi c mind-body techniques 
include various breathing techniques, guided imagery, progressive muscle relaxation, bio-
feedback, hypnosis, cognitive-behavioral training, and music therapy. Of those techniques, 
guided imagery, relaxation, biofeedback, and hypnosis have shown the most promise in 
treating FAP of childhood. Reported improvement in the pain, fewer school absences, 
better engagement in social activities, and fewer visits to the physician’s offi  ce may result 
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from guided imagery and progressive relaxation techniques taught over approximately 4 
offi  ce visits.37 Such techniques are easy to learn and teach and are offi  ce friendly, even with 
children.

Medication
Many drugs have been used in the attempt to treat FAP in childhood, including famoti-
dine, pizotifen, and peppermint oil.38 Peppermint oil in the form of a pH-dependent, 
enteric-coated capsule has been shown in evidence-based studies to be helpful in alleviating 
abdominal pain. Other commonly used medications are anticholinergics, antiemetics, anti-
depressants, and simethicone, but they have not yet been adequately studied. Citalopram, 
a selective serotonin reuptake inhibitor, has been used to treat FAP, with improvement 
of abdominal pain, anxiety, depression, and functional impairment.35 Amitriptyline has 
also been shown to reduce pain, depressive symptoms, and somatization in children with 
FAP and irritable bowel syndrome.39

Probiotics have been used to treat alterations in gut fl ora in ulcerative colitis and 
antibiotic-associated diarrhea, but there is little evidence to support their use in FAP. 
Only one study has shown that the probiotic VSL#3 improves abdominal pain as well 
as bloating, gassiness, discomfort, and quality of life in patients with irritable bowel symp-
toms. Other studies suggest that Lactobacillus GG does not relieve abdominal pain but 
can decrease its frequency and reduce bloating.40

Dietary Interventions
Dietary manipulation has been used to treat the pain in functional disorders. Common 
dietary interventions include a high-fi ber diet, avoidance of lactose, an oligoantigenic diet, 
and a low-oxalate diet in abdominal migraine.41 A high-fi ber diet may be helpful primarily 
in constipated children, to substitute for nutrient-poor, high-fat, and high-calorie diets. 
Avoidance of high-fructose corn syrup and glucose-based drinks and of sugar-free gum and 
candy may improve symptoms. Sorbitol, the sugar substitute in gum and candy, can cause 
bloating, cramping, abdominal pain, and diarrhea. Dietary manipulation is easily understood 
by parents and children and can empower the family.

 CONCLUSION
Th e causes of abdominal pain range from acute, life-threatening disease to chronic, functional 
conditions. Regardless of the cause, the consequences of abdominal pain can be far reaching 
and can aff ect not only the emotional and psychological well-being of the child but also 
the social and economic dynamics of the family. Th e need to diagnose and treat emergent 
conditions quickly must be balanced with unnecessary testing when a functional cause seems 
likely. In the case of functional conditions, a caring approach that educates and reassures the 
patient and parents is essential for good adherence and an eff ective therapeutic relationship.

When to Refer

• Involuntary weight loss
• Deceleration of linear growth
• Gastrointestinal blood loss
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• Signifi cant vomiting
• Chronic severe diarrhea
• Persistent right upper or right lower quadrant pain
• Unexplained fever
• Family history of infl ammatory bowel disease
• Extraintestinal symptoms
• History of psychiatric disorder
• Abnormal test results
• Anemia or low mean corpuscular volume
• Peripheral eosinophilia
• Increased erythrocyte sedimentation rate
• Increased transaminases
• Increased blood urea nitrogen or creatinine
• Hypoalbuminemia
• Low complement-4 protein

When to Admit

Hospitalization is seldom indicated for patients with FAP; in fact, some studies suggest 
that placing patients with FAP in the hospital may lead to worse outcome. Some patients 
do experience relief of symptoms during hospitalization. However, no data suggest that the 
natural history of the pain is aff ected. Hospitalization does not help the fundamental goals 
of environmental modifi cation and will likely reinforce pain behavior. Hospitalization is 
required in the following circumstances:
• Surgical or medical emergency as determined by diagnostic or therapeutic intervention 
• Inability to tolerate enteral nutrition
• Inability to maintain hydration
• Diagnosis that requires observation to evaluate the progress or natural history of the 

illness

TOOLS FOR PRACTICE

Engaging the Patient and Family
• Abdominal Pain (Web page), American Academy of Pediatrics (www.healthychildren.

org/English/tips-tools/Symptom-Checker/Pages/Abdominal-Pain.aspx) 
• Abdominal Pain in Children (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-
Pain-in-Children.aspx)

• Abdominal Pain in Infants (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-
Pains-in-Infants.aspx)

Medical Decision Support
• Pediatric Nutrition Handbook, 7th ed (book), American Academy of Pediatrics (shop.

aap.org)

AAP POLICY STATEMENT

American Academy of Pediatrics Subcommittee on Chronic Abdominal Pain. Chronic abdominal pain in 
children. Pediatrics. 2005;115(3):812–815 (pediatrics.aappublications.org/content/115/3/812.full)

http://www.healthychildren.org/English/tips-tools/Symptom-Checker/Pages/Abdominal-Pain.aspx
http://www.healthychildren.org/English/tips-tools/Symptom-Checker/Pages/Abdominal-Pain.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pain-in-Children.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pain-in-Children.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pain-in-Children.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pains-in-Infants.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pains-in-Infants.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Abdominal-Pains-in-Infants.aspx
shop.aap.org
pediatrics.aappublications.org/content/115/3/812.full
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Chapter 3

Alopecia and Hair 
Shaft Anomalies

Nancy K. Barnett, MD

Hair matters. It does not serve an essential function, inasmuch as people can live without it. 
Nevertheless, the symbolism over the ages, from Samson to John Lennon, and the emotional 
investment people have in their hair make any of its abnormalities a matter of concern. Th is 
anxiety is particularly so with alopecia: loss of hair is a disturbing event.

 INTRODUCTION
A sequence of events makes up the life of a single hair, from active growth over 2 to 6 years, 
a busy period known as the anagen phase, to passivity, a resting period of about 3 months, 
known as the telogen phase. As many as 15% of scalp hairs may be in the telogen phase at 
any specifi c time. Th ese hairs are soon lost in the constant turnover of scalp hair, a continu-
ous shedding that is hardly apparent to a casual observer. Surprisingly, about 50% of the 
hair must be shed for loss to be noticeable. Normally, up to 100 hairs are lost from the scalp 
daily, and 200 are lost with shampooing.1

Hair loss may increase to as much as 60% during a period known as a telogen effl  uvium. 
During such a period, the situation is similar to that of animals, which shed seasonally. 
In humans, this change in the normal anagen-to-telogen ratio may occur after a period 
of stress, such as a prolonged fever, a pregnancy, or a severe illness. It may occur in either 
gender and results in a diff use, nonpatterned and nonscarring loss of hair. Th e diagnosis of 
telogen effl  uvium can be confi rmed simply by plucking a group of hairs and examining them 
microscopically (see Evaluation, later in this chapter). Notably, plucking these hairs does 
not hurt because they are in the resting phase, with the number of resting hairs increased 
well beyond the usual 10% to 15%.

Excessive hair loss is a matter deserving careful attention. A precise, pointed history and 
physical examination are necessary. Determining whether an alopecia is scarring or nonscar-
ring is important. Th e pediatrician must not limit the examination simply to the site of hair 
loss. Th e whole body and all its hair-bearing parts must be observed and hairs themselves 
examined microscopically. Under the light microscope, the normality of the individual hair 
and the ratio of anagen to telogen hairs can be judged. Th e pediatrician may need to consult 
with a dermatologist.

Lanugo, the fi rst hair made by hair follicles in utero, feels silky and covers the entire body 
of the fetus. It is most often shed in utero, to be replaced by hair that begins to grow on the 
scalp in the third trimester, continues to grow after birth, and is lost a few months after birth 
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in a normal process that results in temporary near-baldness. In many instances, parents are 
concerned with the thinning or with a more markedly localized area of loss, usually over 
the occiput, once thought to be the result of the pressure of the head as the infant lies in the 
crib. Finally, however, the lost early hair is gradually replaced by new hair, which has more 
of a “feel” to it; thicker, usually darker, and more stable, it grows longer before loss and does 
not shed quite so readily.

Th e constant ebb and fl ow of growth and shedding and the extreme activity of the 
hair follicle put it at great risk when exposed to antimetabolites and mitotic inhibitors. 
When a child loses scalp hair rather suddenly, the physician should be concerned with the 
possibility of a toxic event. Children treated with antimetabolites for a malignancy suff er 
hair loss because of the damage done by the drugs during the anagen phase, resulting in an 
anagen effl  uvium. Occasionally, similar hair loss is caused by accidental poisoning, as with 
rat poison that contains thallium or coumarin. In most instances, over a period of several 
months, new hairs will replace lost hairs, unless the exposure to the toxic element is chronic.

Th e prognosis for the return of hair depends in large part on elimination of the toxic 
stimulus and on whether the loss is accompanied by scarring. Loss with scarring (eg, from 
iatrogenic scalp injury during delivery or from a burn) is permanent. Additionally, hair will 
not grow at the site of most nevi and hemangiomas. In children, alopecia of both known 
and unknown causes usually occurs without scarring, as in alopecia areata (spotty loss of 
scalp hair); alopecia totalis (loss of all scalp hair); alopecia universalis (loss of all scalp and 
body hair); drug-induced, postfebrile, and postpartum alopecias; and alopecias associated 
with an endocrinopathy (hypothyroidism, hyperthyroidism, or hypoparathyroidism) or a 
nutritional defi ciency (vitamins A, B, and C, or kwashiorkor).

When scarring is present, as with a kerion associated with tinea capitis, keloid formation, 
or discoid lupus erythematosus, little hope exists for hair recovery.

 EVALUATION
Appropriate diagnosis requires microscopic diff erentiation of the hair and its root in both the 
anagen and the telogen stages. Anagen hairs have fat, healthy follicle bulbs and an attached 
emerging long terminal hair, whereas telogen hairs have a small bulb and an attached hair 
resulting in a club-shaped appearance. Deformities of the hair shaft can be seen, particularly 
with aminoacidopathies and in a variety of rare syndromes, including Menkes kinky hair 
syndrome. Th e physician can diff erentiate microscopically monilethrix (usually an inherited, 
autosomal dominant disorder in which the diameter of the hair shaft varies) from pili torti 
(a disorder in which the hair is twisted on its long axis).

 DIFFERENTIAL DIAGNOSIS
A variety of congenital and hereditary disorders can produce hair loss, either total or less 
obvious with thinning (Table 3-1). True congenital alopecia is rare and may be inherited 
as an isolated autosomal recessive trait or as one feature of a signifi cant hereditary disorder. 
Hairs may be thin or poorly anchored to the scalp or have a variety of shaft abnormalities. 
Th e pediatrician must look for signs of ectodermal dysplasia, and thus consider radiographic 
exploration for skeletal defects (as with cartilage-hair hypoplasia, congenital ectodermal 
dysplasia, or orofaciodigital syndrome), as well as for evidence of inherited metabolic or endo-
crine disorders such as phenylketonuria, homocystinuria, and congenital hypothyroidism. 
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Children with serious chromosomal defects (eg, de Lange syndrome or trisomy 13 syndrome) 
usually provide a surfeit of signs and symptoms beyond simple loss of hair.

Hair Shaft Anomalies
Anomalies of the hair usually result in a stubbly growth of broken hair rather than true 
alopecia. Ectodermal defects, brittle fi ngernails, or perhaps cataracts and tooth anomalies 
may accompany hair shaft anomalies. Fragile hair with resultant breakage (trichorrhexis) and 

 TABLE 3-1 
 Distinguishing Characteristics of Alopecia 

CONDITION   PATTERN OF LOSS

 PULLED-HAIR CHARACTERISTICS
AS EXHIBITED WITH LIGHT 
MICROSCOPY

NONSCARRING WITH HAIR SHAFT ABNORMALITIES  

     Trichorrhexis 
nodosa

  Fragile, short hair with grayish-white 
nodules

 Nodes along hair shaft similar to 
interlocking broom or brush ends

Monilethrix   Fragile, short, stubble-like growth  Variable shaft thickness gives beaded 
appearance with internodal breakage

     Pili torti   Fragile, short, light-colored hair appears 
spangled as a result of light refl ection

 Irregularly spaced twists along the 
shaft appear fl attened

NONSCARRING WITHOUT HAIR SHAFT ABNORMALITIES

     Alopecia areata   Sharply demarcated, round, nearly bald 
patches appearing suddenly

 Exclamation-point hairs from periph-
ery of patches with poorly pigmented 
shaft and tapered attenuated bulb

     Androgenetic 
alopecia

  Thinned scalp hair in common male 
baldness pattern or diffuse thinning 
with retained frontal hair in the female

 Increased telogen-to-anagen ratio
Biopsy shows miniaturized anagen 
bulbs

     Trichotillomania   Irregularly shaped areas of thinned 
stubble of varying lengths

 Normal cuticle, shaft, and anagen 
bulb of varying lengths

     Traumatic 
alopecia

  Bizarre patterns conforming to site 
and method of injury (eg, head trauma, 
braiding)

 Normal cuticle, shaft, and anagen 
bulb of varied lengths

     Telogen effl uvium   Diffuse thinning with easy epilation 
from all areas of scalp

 More than 25% of pulled hairs are 
telogen club hairs with no pigment

     Anagen effl uvium   Signifi cant thinning  Tapered anagen bulbs

     Loose anagen 
syndrome

  Slight diffuse or patchy thinning  Anagen hairs have misshapen pig-
mented bulbs with ruffl ed cuticle

 POTENTIALLY SCARRING WITHOUT HAIR SHAFT ABNORMALITIES

Tinea capitis and 
kerion

  Varied, ranging from round, minimally 
infl amed alopecic area with slight seb-
orrheic scale to the boggy, tender, often 
pustular, severely infl amed kerion

 Potassium hydroxide preparation of 
broken hairs (black-dot hairs) reveals 
clusters of chains of arthrospores 
around or in hair shaft and bulb

Lupus 
erythematous

  Discoid, well-demarcated erythematous 
plaques with scale, plugging of follicles, 
and atrophy or thinning as a result of 
broken, fragile hair with acute fl ares 
(lupus hair)

 Not applicable if scarred
Short, broken (frayed) anagen hairs
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stubble can be seen in a variety of rare conditions. Trichorrhexis nodosa is a familial condition 
in which the hair is fragile without other associated fi ndings. Children with argininosuccinic 
aciduria, a rare inborn error of metabolism, have stubbly hair and show evidence of severe 
intellectual disability in the fi rst year of life.

Th e texture of hair may be helpful in fi nding the source of diffi  culty. In an infant who 
has hypothyroidism, the hair may be coarse, brittle, and without luster; with progeria and 
cartilage-hair hypoplasia syndrome, it may be fi ne and even silky. In all these circumstances, 
the hair may break off , and apparent baldness increases. Whenever the hair is abnormal, it 
becomes weakened, fragile, and fractured, and it may be lost or unevenly shortened, often 
resulting in a stubbly, ragged alopecia. Given that a variety of abnormalities (congenital, 
traumatic, or endocrine) can lead to such fragility and loss, referral to a dermatologist is 
appropriate so that a specifi c diagnosis can be pursued.

Loose Anagen Syndrome
Loose anagen syndrome is characterized by hairs that are quite easily and painlessly pulled 
from the scalp.2 Generally, but not always, aff ected children are blond female preschool-
ers between 2 and 5 years of age.2 Th eir hair appears sparse. Th e individual hairs are not 
fragile. On examination, they have misshapen anagen bulbs with a cuff ed cuticle and no 
external root sheath. Hairs are not fi rmly anchored because of an inner root sheath defect.

Typically, the child’s hair is said to be slow growing, seldom requiring cutting. Th e hair 
over the occiput often is matted and sticky. Th e condition may wane with time, although 
adult-onset cases have been reported.3 Th e hair grows thicker and longer, and its pigmen-
tation increases. Nonetheless, even in adulthood, it may pull out easily and painlessly. A 
hereditary factor may be involved, but most cases are sporadic. Th e diagnosis can be made 
from the history and examination, the painless pull test (when hair is growing normally, it 
usually hurts to pull it), and light microscopy to view the recovered hairs. Management is 
limited to reassurance.

Trichorrhexis Nodosa
Trichorrhexis nodosa is a common abnormality of the hair shaft that becomes obvious under 
the light microscope, where the nodes resemble the eff ect observed when the ends of 2 brushes 
are pushed together. Most often congenital, trichorrhexis nodosa results in breakage of hair 
and short stubble over the scalp; it may also be a genetic predisposition in some black patients, 
who experience hair breakage over large areas of the scalp and whose hair will not grow 
beyond a relatively short length. Trichorrhexis nodosa is usually accompanied by a history of 
hair straightening or repeated vigorous brushing and combing. Avoiding this kind of steady 
abuse and using a more gentle cosmetic approach can result in some gradual improvement. 
White and Asian individuals can experience the same diffi  culty, probably without congenital 
or familial relationship, and the breakage occurs most often at the distal end of the hair. White 
specks marking the nodes may appear after some physical and chemical injuries. Here again, 
a gentle approach and elimination of any noxious exposure are appropriate.

Monilethrix
Monilethrix (beaded hair syndrome) is a condition in which scalp hairs have regularly spaced 
diff erences in their circumference, suggesting a chain of beads. Th e cause is unknown but 
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probably genetic, and no treatment is known. Although some degree of recovery may occur 
spontaneously, particularly after puberty or during pregnancy, this period is a long time to 
wait, inasmuch as hair breakage becomes obvious during infancy. Variable expressivity was 
noted in 3 kindreds in whom monilethrix was mapped to the type II keratin gene cluster at 
chromosome 12q13.4 Occasionally, associated problems (cataracts, brittle nails, faulty teeth) 
are suggestive of a more widespread ectodermal defect.

Pili Torti
Pili torti simply means twisted hair, which indeed is the way this hair appears under 
the microscope. Th e color is “off ,” and the hair is coarse and lusterless. It is as though 
straight and curly hair were competing for a place in the same strand. In cross-section, a 
straight hair appears round, and a curly hair appears oval. In pili torti, both confi gurations 
may be seen in a single strand, an abnormality that can be an important clue to Menkes 
kinky hair syndrome, an X-linked disease characterized by low serum copper, progressive 
cerebral degeneration with hypotonia and often with seizures, arterial degeneration, and 
osteoporotic bones.

Alopecia Areata
Alopecia areata, most often seen as an acute problem, results in a sudden and total loss of 
hair in sharply circumscribed, round areas, often several centimeters in diameter, usually 
on the scalp, but possibly anywhere on the body where hair is found (Figure 3-1). Hairs 
at the periphery of an area are plucked easily and may be particularly colorless and thin. 
Exclamation-point hairs (broken hairs with a narrow bulb) may appear throughout the patch, 
which is sometimes salmon colored as a manifestation of the presumed infl ammation seen 
histologically around the hair follicle. Th e fi ngernails may be pitted, possibly indicating a 
more extensive ectodermal problem.

Just a few patches of loss may be found, or a total absence of body hair (alopecia uni-
versalis) may occur, including eyebrows and eyelashes. Th e more extensive the loss and 
the younger the child, the less likelihood there is of a full recovery. Th e prognosis is best 
when the loss is less widespread and only 1 or 2 patches are present. Although the cause is 
unknown, some suggestion has been made of a T-cell–mediated autoimmune process against 
the anagen hair follicle, explaining recent interest in T-cell “biologics” as therapy, but thus far 
they have not been helpful. Occasionally, autoimmune antibodies are identifi ed in patients 
who have alopecia areata when no other clinical evidence exists of autoimmune disease. An 
increased incidence of alopecia areata also occurs in persons who have acute autoimmune 
thyroid disease and vitiligo. Th e association with multiple genes5 suggests a susceptibility to 
alopecia areata, which manifests with various environmental factors.

About one-third of patients who have alopecia areata will regrow hair spontaneously in 
6 months; for another one-third, hair will regrow within 5 years. For the remaining 
one-third, treatment is needed to stimulate hair growth.

Cortisone creams applied topically have been used with some success. In the older, more 
cooperative child, direct injection of corticosteroid into the scalp or eyebrow hair follicles can 
be eff ective, but the process is painful. Th e primary care pediatrician should seriously ques-
tion the appropriateness of this procedure, carefully assessing the eff ect of the disease and of 
the treatment on the child, and should refer the patient to a dermatologist for consideration 
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of this intervention. Excimer laser has shown some success even in children as young as 
6 years of age with patchy alopecia areata.6

Large areas (>50% scalp hair loss) that require steroid infi ltration present obvious dif-
fi culty. Oral steroid therapy has the risk for serious complications but is occasionally used. 
Minoxidil 5% solution can be used twice daily as an adjunct to topical steroids for small, 
stubborn areas of alopecia. Latanoprost, a prostaglandin analog used to treat glaucoma, was 
noted by chance to promote the growth of eyelashes and is now commercially available; it 
and several newer agonists have had mixed results thus far in attempts to treat eyebrow and 
eyelash alopecia areata.7 Th ere is no guarantee that if hair regrows in response to therapy it 
will persist, especially once treatment is stopped.

For extensive alopecia, some irritants (dinitrochlorobenzene immunotherapy and tars such 
as short-contact anthralin) and psoralen with ultraviolet A light (known as PUVA therapy) 
have been used. Th ese agents should be used only in children older than 12 years and only 
by a knowledgeable dermatologist in controlled circumstances.

An oddity of alopecia areata is that when hair does regrow, it may initially be white. 
Eventually color returns, and casual observers cannot identify the formerly aff ected area.

Th e effi  cacy of treatment is diffi  cult to assess because of the waxing-and-waning nature of 
alopecia areata. Th e National Alopecia Areata Foundation (www.naaf.org) off ers education 

  Figure 3-1
 This 30-year-old man developed slow, expanding hair loss on the scalp 1 month earlier. Although a potas-
sium hydroxide preparation was supposedly positive, he did not improve on topical ciclopirox shampoo 
and oral itraconazole. At a subsequent visit 1 month later, several new patches were noted, and the 
diagnosis was changed to alopecia areata.  (Reprinted with permission from DermAtlas.org. Courtesy of 
Manoj Ram, MD.)

http://www.naaf.org
www.DermAtlas.org
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and support to families, and sponsors an annual children’s camp. In counseling patients and 
their families, primary care pediatricians should remind them that the disease is nonscarring 
and that there is always the potential for full regrowth. Also, it is hoped that further eluci-
dation of the genetics of alopecia areata will lead to more targeted therapies in the future.

Telogen Effl uvium
Telogen effl  uvium, the diff use loss of hair in the telogen phase of growth, may be diffi  cult 
to distinguish from diff use alopecia areata. Actually the most common form of hair loss in 
children, telogen effl  uvium is what occurs in most infants at 6 to 8 weeks of age, probably 
as a result of the stress of birth, and it is the type of hair loss that can follow the stress of a 
febrile illness, surgery, or trauma. Presumably, the stress causes a synchronization of the hair 
follicles so that many of them reach the telogen phase simultaneously, reversing the normal 
4:1 ratio of anagen to telogen. Th is is evident on the hair pull/pluck test, when the hairs 
of diff use alopecia areata appear as dystrophic anagen rather than telogen hairs. Telogen 
effl  uvium is generally reversible.

Androgenetic Alopecia
Androgenetic alopecia is a genetically determined loss of hair that begins most often with 
a receding hairline and some thinning over the vertex. It occurs most often in men but 
can happen to women. Th e fullest expression is most common in the mature adult, but 
pediatricians are confronted with the problem in 15% of adolescents older than 14 years. 
Hairs from aff ected follicles do not epilate easily on pulling, but they are shorter and fi ner 
as a result of normal pubertal androgen increase. No therapy is reliably eff ective, although 
topical minoxidil twice daily and hair transplant micrografts may help some individuals. 
Finasteride can be tried after 18 years of age with male patients but is contraindicated in 
female patients because of the possibility of genital defects in exposed male fetuses if a 
pregnancy occurs.

Trichotillomania
Some children have a compulsive need to pull out their hair or even their eyebrows or eye-
lashes. Although not always of emotional signifi cance, trichotillomania may provide a major 
clue to an underlying psychosocial problem. Th e hair loss often appears in large, patchy, ill-
defi ned patterns. Th e family structure and the interaction with siblings and parents and with 
friends at home and at school should be explored in an eff ort to fi nd stressors. Consulting a 
psychiatrist should also be considered. Th e primary care pediatrician can paint the attacked 
areas with petroleum jelly in an attempt to frustrate the habit; however, without attention to 
the possibility of an underlying emotional issue, this approach is quite obviously temporary. 
Both imipramine and fl uoxetine have been used successfully to control trichotillomania in 
some children.8

Th e hair lost is that which is most accessible to the probing hand. In some cases, enough 
is pulled to simulate alopecia areata (Figure 3-2). Th e patient who eats hair may accumulate 
it in the stomach and create a trichobezoar (hairball), which may ultimately lead to acute 
intestinal obstruction or, most often, to the complaint of abdominal pain. A trichobezoar 
may be palpable as an abdominal mass and is demonstrable on a radiograph. Referral for 
either endoscopic or surgical removal is indicated.
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Traumatic Alopecia
Hair is fragile. It should be handled gently and without physical or chemical assault. In 
children, hair is probably best left alone, except for simple washing, combing, and cutting.

Constant teasing or straightening with heat or chemicals may seriously damage hair. Some 
hairstyles, particularly with barrettes, ponytails, braids, or cornrows, cause constant and 
prolonged traction, especially along the hairline. Th e hair may then fall out, accompanied by 
redness and infl ammation, even with pustular involvement of the follicles. Generally, simply 
discontinuing the stress will help. In childhood, the hair will almost always return, although 
the regrowth can be slow. Injured hair follicles, whether from trichotillomania or simple 
traction, do not heal quickly, often taking 3 months or longer to return to an anagen phase.

Tinea Capitis
Whenever a child has patches of alopecia or stubbly hair growth, even in the absence of 
crusting, scaling, redness, or other infl ammatory signs, the physician should consider the 
possibility of tinea capitis, along with seborrheic dermatitis, atopic dermatitis, or psoriasis 
(Figure 3-3). Certainly, seborrhea and atopy are more common in children than fungal scalp 
infection; but particularly when alopecia is accompanied by local adenopathy, tinea capitis 
should be in the diff erential diagnosis.9 Obviously, if crusting, scaling, or redness is present, 
then the likelihood of alopecia areata is diminished because infl ammation is not a symptom 
of that condition. In any event, the practitioner should perform a mycologic examination, 
looking particularly for the usual fungus, Trichophyton tonsurans. Clinically, the lesions tend 
to be more elevated than in other forms of tinea and may be characterized by black dots. In 
rare cases, the endothrix fungi Microsporum canis and Microsporum audouinii can invade the 
hair shaft and cause breakage and stubble. M canis tends to cause much more infl ammation 
than does M audouinii. Endothrix fungal infections, but not T tonsurans, can produce a 
greenish fl uorescence under Wood light in a darkened room.

On occasion, particularly with M canis or after treatment with an irritant, the aff ected 
area may become secondarily infected and seriously infl amed, requiring treatment with an 
antibiotic. Kerion, a delayed hypersensitivity reaction to the fungus, may develop, and if it 
is unchecked, the resultant scarring interferes with the regrowth of hair (Figure 3-4). Early 
diagnosis and treatment are therefore helpful.

  Figure 3-2
 Trichotillomania in a 7-year-old boy.          
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Topical antifungal agents do not provide adequate treatment because the fungus is deep 
in the follicle. Oral griseofulvin had been the standard of care, but the usual course of 2 to 
3 months of therapy may pre sent diffi  culties with adherence in a young child. Several newer 
agents have the appeal of off ering a shorter course, despite their expense. Th e fungicidal drug 
terbinafi ne seems eff ective for tinea capitis when given for 6 weeks and is currently approved 

  Figure 3-3
 A young boy admitted for asthma therapy was incidentally noted to have a scalp lesion. The scaling and 
focal alopecia suggested the diagnosis of tinea capitis. The child was successfully treated with griseofulvin.         

  Figure 3-4
 A 2½-year-old boy with a kerion caused by chronic, progressive tinea capitis.         
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for children 4 years and older for this use by the US Food and Drug Administration; neither 
itraconazole nor fl uconazole is approved, but they may be similarly safe for short courses in 
children.10 Th ese agents certainly provide alternatives if griseofulvin therapy fails or is not 
tolerated, but they have not proved eff ective for Microsporum tinea capitis. Liquid itracon-
azole has been associated with diarrhea in children and with pancreatic adenocarcinoma in 
laboratory animals and should be avoided.11 Liver function should be tested if antifungal 
medications are used for longer than 12 weeks and at the start of therapy if any suggestion 
of preexisting liver disease exists. Oral prednisone tapered over 10 days may help rapidly 
decrease the tenderness and infl ammation of a kerion and prevent a widespread id reaction. 
(For medication dosage information, consult the American Academy of Pediatrics Red Book.)

Acrodermatitis Enteropathica
Acrodermatitis enteropathica, an autosomal-recessive disorder characterized by abnormal zinc 
absorption, has several important cutaneous manifestations, simulating, at times, psoriasis, 
epidermolysis bullosa, pyoderma, or candidiasis. Zinc defi ciency can result in abdominal 
pain and diarrhea, as well as a wispy alopecia and dystrophic development of the fi ngernails, 
suggesting widespread ectodermal involvement. Oral zinc sulfate is the treatment of choice.

Discoid and Systemic Lupus Erythematosus
Discoid lupus erythematosus can be disfi guring to the scalp and, with scarring, can cause 
a permanent loss of hair (Figure 3-5). Early treatment with topical or intralesional steroids 
may prevent scarring. Systemic lupus erythematosus can also cause alopecia, and the scalp 

  Figure 3-5
 This 43-year-old woman had an 11-year history of slowly progressive red scaly plaques with central scarring 
and hair loss in sun-exposed areas. A biopsy showed changes typical of discoid lupus. She was otherwise 
well and complained of itching of her feet where she had new lesions. She also had some asymptomatic 
erosions on the tongue and buccal mucosa. (Reprinted with permission from DermAtlas.org. Courtesy of 
Kosman Sadek Zikry, MD.)           

www.DermAtlas.org
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itself can be erythematous; however, the loss of hair is generally temporary and does not 
involve the scarring characteristic of discoid disease.

 MANAGEMENT
Treatment for alopecia depends, of course, on the cause. Physicians are accustomed to see-
ing children who are being treated with antimetabolites wearing baseball caps or bandan-
nas to hide their full or partial baldness from anagen arrest. A noticeable loss of hair from 
any cause may be disturbing to both patient and parent; therefore, the suggestion that the 
child wear a baseball cap or other concealing adornment may be appropriate. Even a hair-
piece can be designed for a child. Th ese steps serve in the interim while physicians attempt 
potentially helpful treatments or wait expectantly in circumstances in which their role is 
diagnostic and supportive. Th e possibility that hair will not fully regrow must be considered 
when loss follows high fever (telogen effl  uvium) or chronic toxicity (anagen effl  uvium); is 
accompanied by scarring; or occurs in the areas of nevi, aplasia cutis, or persistent heman-
giomas. Th e pediatrician must talk this through with the child who is old enough and with 
the parents as well, exploring the emotional reaction and discomfort and, if recovery of hair 
is questionable, working with them to achieve an emotional balance consistent with reality 
and to adopt suitable coping mechanisms. In most instances, this goal is achievable, and the 
pediatrician should not back away from trying. Th e physician, sometimes frustrated by the 
lack of a practical, successful management regimen, should not forget the value of a willing, 
listening ear. Plastic surgery expertise should be sought for consideration of hair transplants 
and scalp reduction (for scarred areas) when possible.

When to Refer

• Rapid, diff use hair loss
• Chronic, progressive, localized, or diff use hair loss without regrowth
• Scarring alopecia
• Inability to grow hair as a result of breakage, loss, or abnormal texture of hair
• Appearance of scalp mass or plaque aff ecting localized hair loss

TOOLS FOR PRACTICE

Engaging Patient and Family
• National Alopecia Areata Foundation (Web site), (www.naaf.org)
• Teens—Alopecia Areata Fact Sheet (fact sheet), National Alopecia Areata Foundation 

(www.naaf.org/ kids/teen-facts.asp)
• Locks of Love (Web site), (www.locksofl ove.org)

Medical Decision Support
• Pediatric Dermatology: A Quick Reference Guide (book), American Academy of Pediatrics 

(shop.aap.org)
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Chapter 4

Amenorrhea
Maria Trent, MD, MPH; Alain Joff e, MD, MPH

Amenorrhea is a common clinical complaint; its frequency varies based on the gynecologic 
age of the young woman (the number of months or years elapsed since menarche). For 
example, in a study of high school adolescent girls, the rates of girls who missed 3 consecutive 
menstrual periods in a single year were 12.5% in the fi rst year after menarche and 5.4% after 
7 postmenarchal years.1 Traditionally, amenorrhea has been classifi ed as being either primary 
or secondary. Primary amenorrhea is defi ned as the failure to initiate menstruation, whereas 
secondary amenorrhea refers to cessation of menses in an adolescent who has previously 
menstruated. Although some value can be found in knowing whether the absence of menses 
results from a disruption or lack of initiation, this distinction is of limited clinical utility 
because many diseases and clinical states cause both primary and secondary amenorrhea.

Th e mean age of menarche among girls in the United States has decreased slightly in 
recent years. In 1973, the average age of menarche was 12.76 years among participants in 
the National Health Examination Survey (NHES). Recent analyses using the combination 
of the NHES and National Health and Nutrition Examination Surveys (NHANES) have 
documented that the current average age of menarche in the United States is 12.54 years, 
with some variation by race or ethnicity.2 Further analyses from the NHANES data dem-
onstrated that 90% of girls will have menstruated by age 13.75 years and that fewer than 
10% menstruate before 11 years of age.3

Amenorrhea is a symptom, not a disease, and has a variety of causes. Th e diff erential 
diagnosis for the patient with amenorrhea includes maturational (constitutional) factors, 
disorders of the central nervous system (CNS), adrenal and ovarian disease, congenital 
abnormalities of the reproductive tract (primary amenorrhea), thyroid disease, nutritional 
disorders, systemic illness, and pregnancy. Th erefore, a thoughtful, systematic approach to 
the patient who has a menstrual disorder usually identifi es the cause. Th e major causes of 
amenorrhea are listed in Box 4-1.

Menstruation usually begins about 2 years after breast budding; however, the interval 
between these events can be as short as 6 months or as long as 4 years. Given this broad range 
of individual variation in the onset of puberty and menarche, the physician fi rst must assess 
pubertal status, noting breast and pubic hair development. An evaluation is warranted if
1. No signs of secondary sexual development are present by 14 years of age. In this instance, 

the evaluation should include an assessment for delayed puberty. (See Chapter 62, 
Puberty: Normal and Abnormal.)

2. Menarche has not occurred by 16 years of age even if the patient has experienced 
development of secondary sexual characteristics and growth has been normal.



Signs and Symptoms in Pediatrics40

3. Menarche has not occurred and the patient has been at Tanner stage 5 for at least 1 year 
or has had breast development for 4 years.

4. Th ree consecutive menstrual cycles are absent in a patient with signs of an eating 
disorder.

5. Th e patient has previously menstruated but has had amenorrhea for more than 6 months.
6. Th e patient has not had menses and has symptoms or stigmata of another disease process 

such as Turner syndrome.
7. Th e patient has had menstrual cycles, has missed one period, and has had unprotected 

sexual intercourse in the interim. In this instance, the patient should be evaluated for 
pregnancy.
Gynecologic age is important when evaluating an adolescent who seems to have second-

ary amenorrhea. After the onset of menarche, many teenagers will menstruate sporadically; 
regular monthly cycles often are not established until 1 to 2 years after menarche.4 Clearly, the 
abrupt cessation of menstruation in a teenager who has established regular cycles is of greater 
concern than the absence of menses for 3 to 4 months in a teenager who has a gynecologic 
age of 6 months to 1 year. Th e point at which the physician elects to pursue an evaluation 

BOX 4-1

Major Causes of Amenorrhea in Adolescent Girls 
by Organ System
CENTRAL NERVOUS SYSTEM

• Familial-physiologic delay
• Systemic illness
• Developmental defects (eg, Kallmann 

syndrome)
• Laurence-Moon-Bardet-Biedl syndrome
• Prader-Willi syndrome
• Infi ltrative disease
• Head trauma
• Sheehan syndrome (postpartum necrosis)
• Primary empty sella syndrome
• Irradiation
• Surgery
• Depression
• Drugs (eg, hormonal contraception, 

cocaine, phenothiazines)
• Psychological stressors
• Eating disorders (eg, anorexia nervosa)
• High-level athletic training with low weight 

for height (eg, female athlete triad)
• Psychosocial stress
• Central nervous system tumor 

(eg, prolactinoma)

THYROID

• Hyperthyroidism
• Hypothyroidism

ADRENAL

• Addison disease
• Cushing syndrome
• Late-onset congenital adrenal hyperplasia 

(21-hydroxylase defi ciency)
• Tumor

OVARIES

• Gonadal dysgenesis
• Premature ovarian failure
• Radiation or chemotherapy
• Ovarian removal or destruction
• Polycystic ovary syndrome
• Tumor

UTERUS

• Pregnancy
• Uterine synechiae
• Congenital abnormalities (müllerian 

agenesis, androgen insensitivity)

VAGINA, CERVIX, HYMEN

• Agenesis
• Imperforate hymen
• Transverse septum
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depends on the anxiety of the patient and her family, the possibility of pregnancy, and the 
likelihood that a potentially serious disease is responsible for the amenorrhea. For a general 
approach to the evaluation of amenorrhea, see Figure 4-1.

 HISTORY
Th e history and physical examination are critical elements in the diagnostic approach. 
Although the adolescent should always be interviewed alone during the visit, many ado-
lescent girls may have diffi  culty with the details of their own medical and family medical 
histories, making maternal involvement during the visit extremely useful. Mothers are able 
to provide detailed medical histories for their daughters from infancy to the present, the 
details of their own menstrual and medical histories, and usually that of fi rst-degree female 
relatives. Finally, mothers are often acutely aware of behavioral factors within the home, such 
as a daughter’s menstrual patterns, symptoms associated with menstrual cycles, consumption 
of pads or tampons, dietary and exercise patterns, stressors on the family and children, and 
the subtle development of physical features such as weight gain, acne, or hirsutism. Detailed 
discussions of personal lifestyle factors such as sexual activity should be conducted without 
the parent present. Use of the HEADDSS assessment (home situation, educational status 
of the patient, activities, diet, drug use, suicidality or depression, and sexuality or sexual 
behavior) facilitates this portion of the interview.

Th e hypothalamic-pituitary-ovarian axis of the adolescent is more sensitive to physical and 
psychological stress than is that of the adult woman. Stress, emotional upset, fever accom-
panying viral illness, and changes in weight or environment (eg, going away to college) all 
can induce amenorrhea. Comments about weight or body image may be a clue to anorexia 
nervosa. Th e history also should include questions about drug or medication use, including 
any forms of hormonal contraception that the patient may be using. Most women who 
develop amenorrhea while using combined estrogen-progesterone contraceptive methods 
resume menstruation within 6 months of discontinuing their use. Pregnancy should be the 
primary consideration in patients who have a history of sexual intercourse. Unfortunately, 
denial of sexual activity does not exclude pregnancy, inasmuch as many teenagers are reluctant 
to admit to something they believe will be met with condemnation from adults. Sudden 
cessation of menstruation is more likely to indicate pregnancy or stress as a cause, whereas 
a gradual cessation suggests polycystic ovary disease or premature ovarian failure. A history 
of uterine surgery or abortion raises the possibility of uterine synechiae. Given that many 
women are involved in sports, questions about exercise patterns or participation in athlet-
ics (frequency, duration, intensity) are essential. Th e physician must be sure to seek clues 
to any of the endocrine abnormalities (eg, galactorrhea), a history of past CNS insults (eg, 
meningitis), or symptoms of an intracranial tumor. Th e age at which the patient’s mother and 
sisters fi rst menstruated is also helpful information because such a pattern may be familial.2 
Finally, chronic diseases such as infl ammatory bowel disease or renal failure may be subtle 
in their early presentation; hence, questions aimed at uncovering these illnesses must be 
included in the review of systems.

 PHYSICAL EXAMINATION
Plotting of previous growth data (both height and weight) is essential. A short girl who 
has amenorrhea should prompt a search for the other physical characteristics of Turner 
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Figure 4-1
Evaluation of patients who have amenorrhea in whom secondary sex characteristics are present. 
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syndrome.1 Diagnostic criteria for anorexia nervosa include loss of weight or failure to gain 
the weight expected with pubertal development. A complete physical examination, which 
in most cases will include a pelvic examination, should be performed.5 Obesity or excessive 
thinness can result in amenorrhea. Abnormalities of the visual fi eld, smell, or other cranial 
nerve function; papilledema; or disturbances of refl exes suggest a CNS tumor. Hirsutism, 
a receding hairline, excessive acne, moon facies, striae, enlarged thyroid, or buff alo hump 
suggests an endocrine disorder. A webbed neck, short stature, or widely spaced nipples 
suggest Turner syndrome. Nipple discharge may indicate elevated prolactin levels, and lack 
of or scant pubic hair in a girl who has Tanner stages 3 to 4 breast development suggests 
androgen insensitivity syndrome.

A pelvic examination is essential to ensure the presence of normal internal and external 
female genitalia. An imperforate hymen or transverse vaginal septum prevents menstrual 
blood from escaping. If the hymenal opening is patent, then the examination should proceed 
to determine the presence of a normal vagina, cervix, and uterus. If the hymenal opening is 
very small, then the cervix and uterus can be palpated by means of a bimanual rectoabdomi-
nal examination. Th e size of the clitoris should be noted because clitoromegaly indicates the 
presence of excess androgens (eg, partial 21-hydroxylase defi ciency). In the few cases in which 
a pelvic or rectoabdominal examination cannot be performed to determine the presence or 
absence of a uterus, an ultrasound may be necessary.

Although a pink vaginal mucosa indicates the presence of some degree of estrogeniza-
tion, the patient’s estrogen status can be assessed using a progesterone challenge, vaginal 
maturation index, or measurement of serum estradiol levels. Th e progesterone challenge is 
particularly useful because a positive result indicates an estrogen-primed uterus. Th e proges-
terone challenge is conducted by administering 10 mg of medroxyprogesterone acetate for 
5 to 10 days. Any spotting or bleeding in the week afterward is considered a positive test. 
Some experts in the fi eld recommend measuring follicle-stimulating hormone (FSH) levels 
before performing a progesterone challenge because some women who have hypergonado-
tropic amenorrhea will have a withdrawal bleed.6 A vaginal maturation index is performed by 
collecting cells from the upper lateral sidewall of the vaginal wall using a moistened cotton-
tipped applicator, rolled on a glass slide, and fi xed using the same technique in Papanicolaou 
smear preparation. Cytologic assessment will determine the number of parabasal, superfi cial, 
and intermediate cells present. Samples can be scored using Meisel’s modifi ed scoring system 
to interpret results in terms of estrogen and pubertal status.7

 LABORATORY TESTS
For the girl with primary amenorrhea who has an unremarkable history, review of 
systems, and general physical examination, and no evidence of vaginal outlet obstruc-
tion, the next step is to determine, either by pelvic examination, ultrasound, or both, 
whether a uterus is present. If not, then karyotyping and serum testosterone levels should 
be determined to screen for müllerian agenesis or androgen insensitivity syndrome. 
If a uterus is present, then an evaluation comparable to that for secondary amenorrhea 
should be pursued.

Patients with primary or secondary amenorrhea who have a history of sexual activ-
ity should first be screened for pregnancy using a urine pregnancy test. If negative, 
then initial laboratory evaluation includes FSH, prolactin, and thyroid-stimulating 



Signs and Symptoms in Pediatrics44

hormone. Low or normal FSH levels are usually associated with physiologic delay, 
hypothalamic and pituitary causes of amenorrhea, and chronic illnesses. Elevated levels 
of FSH indicate ovarian failure. Follow-up testing in patients with elevated FSH levels 
should include karyotyping and screening for autoimmune endocrinopathies. Patients 
with amenorrhea and clinical evidence of androgen excess most likely have polycystic 
ovary syndrome (PCOS)8 or, less commonly, late-onset congenital adrenal hyperplasia 
(21-hydroxylase defi ciency). Additional useful laboratory tests to assess for PCOS and 
other disorders associated with androgen excess include serum testosterone (total and 
free) and dehydroepiandrosterone (DHEA) and its sulfate (DHEA-S). Measurement of the 
fi rst morning 17-hydroxyprogesterone levels is also indicated for patients with elevations in 
DHEA-S to further assess for late-onset congenital adrenal hyperplasia. If the patient has 
evidence of virilization (eg, clitoromegaly), or if the androgens are elevated in the tumor 
range, then adrenal and ovarian imaging are indicated, depending on the source of androgens. 
Isolated elevations of testosterone are suggestive of ovarian origin, whereas DHEA-S is sug-
gestive of adrenal origin. (See also Chapter 41, Hirsutism, Hypertrichosis, and Precocious 
Sexual Hair Development.)

Imaging is indicated for other specifi c presentations of amenorrhea. Pelvic sonography is 
indicated if abnormalities are noted on bimanual examination or if bimanual examination is 
not possible. Magnetic resonance imaging of the pelvis is indicated for patients with possible 
congenital abnormalities. Dual-energy radiograph absorptiometry bone density evaluations 
should be obtained in girls with hypoestrogenic amenorrhea, given the association with 
low bone mineral density.9 Hypoestrogenic amenorrhea is commonly seen in patients with 
restrictive eating disorders, athletic amenorrhea, and ovarian failure.10–13

 MANAGEMENT
Defi nitive recommendations for treatment of secondary amenorrhea depend on the underly-
ing cause. When adolescent girls initiate puberty late, but progression through puberty seems 
normal and the fi ndings of a thorough history and physical examination are also normal, the 
patient can be reassured that she should anticipate menarche 2 to 3 years after the initiation 
of puberty. Th is probability is particularly true when family history suggests late menarche 
in fi rst-degree female relatives. Regularly scheduled follow-up visits until menarche occurs 
are warranted. Any halt in development or absence of menarche by age 16 years merits an 
evaluation.

In patients with secondary amenorrhea and normal estrogen levels, medroxyprogester-
one 5 to 10 mg for 12 to 14 days can be used every 1 to 3 months to stimulate withdrawal 
bleeding. For sexually active patients and patients with PCOS, treatment with combined 
contraceptives is indicated. Patients with PCOS may also benefi t from additional medications 
to address underlying metabolic abnormalities or clinical fi ndings associated with androgen 
excess (hirsutism and acne). In patients with low levels of estrogen, normalizing weight for 
height is important by addressing disordered eating and intensity of athletic training.

Although many pediatric practices provide gynecologic care, patients who can-
not receive a thorough gynecologic assessment in the pediatrician’s office should be 
referred to an adolescent medicine specialist or pediatric gynecologist for evalua-
tion. Adolescent medicine physicians may be particularly well suited to address other 
developmental or endocrinologic issues that may also be present. Patients who have 
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evidence of complicated endocrine disease; evidence of a CNS, adrenal, or andro-
gen tumor; genetic disorder; eating disorder; or structural abnormality should also be 
referred to the appropriate specialty team for further evaluation and management.

When to Refer

• Th e amenorrhea appears secondary to a chronic illness that the pediatrician is unable to 
manage

• Th e pediatrician feels uncomfortable performing a pelvic examination
• Long-term hormonal therapy is required
• Th e patient has an eating disorder
• Evidence exists of anatomic or chromosomal abnormality
• Evidence exists of a complicated endocrine disorder
• Evidence exists of a CNS, adrenal, or ovarian tumor
• Th e patient is pregnant and the pediatrician is unwilling or unable to provide comprehen-

sive options counseling or referral for all options14
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Chapter 5

Anemia and Pallor
Alicia K. McFarren, MD; Adam S. Levy, MD

 INTRODUCTION
Anemia is a laboratory fi nding refl ecting a decrease in red blood cell (RBC) mass below an 
age-appropriate normative value. Anemia may be associated with pallor, but it is more likely 
a silent symptom and detected only on routine screening studies. Pallor and anemia are not 
diagnoses; rather, they are signs and symptoms of an underlying disease process requiring a 
thorough evaluation by the primary care physician.

 DEFINITIONS AND CLINICAL MANIFESTATIONS
Pallor
Pallor, derived from the Latin pallere, meaning “to be pale,” is a clinical sign associated with 
a variety of systemic illnesses resulting in a decrease in the amount of oxygenated hemoglo-
bin visible through the superfi cial and translucent layers of the skin and mucosa. Accurate 
assessment of pallor may be hindered by fl uorescent lighting, dark skin color, jaundice, or 
cyanosis. Although a common fi nding in children with moderate to severe anemia, pallor 
does not necessarily indicate a low hemoglobin level. Sepsis may cause pallor resulting from 
a decrease in peripheral perfusion. Vasoconstriction from exposure to cold or febrile illnesses 
may also lead to pallor. Disorders that lead to an accumulation of fl uid in the interstitium 
such as heart failure, hypoproteinemia, or myxedema can also result in pallor.

Anemia
Anemia can be defi ned as a reduction in RBC number, RBC mass (hematocrit), or hemo-
globin concentration.1 For each value, the lower limit of the normal range is defi ned as 
2 standard deviations from the mean for age and gender (Table 5-1). Normal ranges 
for hemoglobin and hematocrit vary with age and gender. Racial diff erences exist as well. 
Black children on average have normal hemoglobin values that are approximately 0.5 g/dL 
lower than white and Asian children.2

 CLASSIFICATION AND DIFFERENTIAL DIAGNOSIS
Anemias can be systematically evaluated based on RBC size (mean corpuscular volume 
[MCV]). Normal MCV values vary with age, but microcytic anemias generally have an 
MCV less than 70 fL, normocytic anemias have an MCV of 72 to 90 fL, and macrocytic 
anemias have an MCV of greater than 90 fL. Subclassifi cation of anemias as microcytic, nor-
mocytic, and macrocytic will greatly reduce the diff erential diagnosis and limit the number 
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of laboratory tests needed to attain the diagnosis. Figures 5-1 and 5-2 contain guidelines for 
a diagnostic approach to children and newborns with anemia. Box 5-1 lists the diff erential 
diagnoses of specifi c pathologic RBC features.

Microcytic Anemia
Th e diff erential diagnosis of a microcytic anemia is listed in Table 5-2, and the main causes 
are reviewed in detail here.

Iron Defi ciency
Iron defi ciency is the most common cause of anemia in the United States.3 Iron defi ciency 
may be attributed to poor iron intake, poor iron absorption, or blood loss. Full-term neo-
nates are born with suffi  cient iron stores to last for the fi rst 6 months of life. Iron defi -
ciency is rare during this period. Th e incidence of iron defi ciency anemia peaks at age 12 to 
24 months and then again in adolescence. Th e peak in childhood corresponds to the 
transition of children from human milk or iron-containing formulas to whole milk. Iron 
defi ciency in adolescents is typically related to a poor dietary intake of iron, as well signifi cant 
blood and iron loss in adolescent girls with menstrual bleeding.

In children of all ages, occult blood loss must be considered as a source for iron loss leading 
to defi ciency. Blood loss may be acute, chronic, or intermittent. A thorough history should 
be obtained to rule out melena, hematochezia, tarry stools, and bloody or coff ee-ground 
emesis. Stool guaiac tests for occult blood should be performed at several diff erent times 

Table 5-1
Mean Values for Hemoglobin, Hematocrit, 

and Mean Corpuscular Volume
AGE HEMOGLOBIN (g/dL) HEMATOCRIT (%) MCV (fL)

Cord blood 15.3 49 112

1 day 19.0 61 119

1 wk 17.9 56 118

1 mo 17.3 54 112

2 mo 10.7 33 100

3 mo 11.3 33 88

6 mo–2 yr 12.5 37 77

2–4 yr 12.5 38 79

5–7 yr 13 39 81

8–11 yr 13.5 40 83

12- to 14-year-old girls 13.5 41 85

12- to 14-year-old boys 14 43 84

15- to 17-year-old girls 14 41 87

15- to 17-year-old boys 15 46 86

Modifi ed from Nathan DG, Orkin SH. A diagnostic approach to the anemic patient. In: Nathan and Oski’s 
Hematology of Infancy and Childhood. 5th ed. Philadelphia, PA: WB Saunders; 1998. Copyright © 1998, 
Elsevier, with permission.
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to capture any intermittent bleeding. Common causes of gastrointestinal bleeding include 
gastric and duodenal ulcers, Meckel diverticulum, polyps, hemorrhoids, and gastritis. Signs 
and symptoms of infl ammatory bowel disease should also be considered in the history and 
physical examination. Patients with iron defi ciency anemia have symptoms similar to those 
in other forms of anemia, including pica as a craving for ice.

Mean corpuscular
volume

Child with anemia

Low
• Iron deficiency anemia
• Thalassemias
• Lead poisoning
• Chronic disease
• Sideroblastic anemias

Low or Normal
• Acute blood loss
• Aplastic anemia
• Infection
• Diamond-Blackfan 

syndrome
• Transient erythroblasto-
   penia of childhood
• Aplastic anemia
• Malignant infiltration of

marrow 
• Chronic disease

Normal

High

Reticulocyte count

Positive
Autoimmune

hemolytic anemia

Negative

Coombs test

Normal
Blood loss

Abnormal

Red blood cell
morphology

Normal
• Disseminated intravascular coagulation
• Hemolytic-uremic syndrome
• Intravascular prosthesis
• Spherocytosis
• Elliptocytosis
• Stomatocytosis
• Pyropoikilocytosis
• G6PD deficiency
• Pyruvate kinase deficiency

Hemoglobin
Electrophoresis

Abnormal
Hemoglobinopathy

High
• Vitamin B12 deficiency
• Folate deficiency
• Hypothyroidism
• Myelodysplastic syndrome
• Liver disease
• Reticulocytosis
• Leukemia

  Figure 5-1
 Diagnostic approach to anemia in childhood based on red blood cell mean corpuscular volume. 
G6PD, glucose-6-phosphate dehydrogenase.  (Derived from Nathan DC, Oski F.  Hematology of Infancy and 
Childhood.  3rd ed. Philadelphia, PA: WB Saunders; 1987.)
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When iron defi ciency is suffi  cient to cause anemia, other abnormalities may be seen on 
routine laboratory testing. In addition to being microcytic, the RBCs will be hypochromic, 
with target cells and elliptocyte forms visible on the peripheral blood smear. Th ese features 
and a low reticulocyte count are suffi  cient to make the diagnosis of iron defi ciency anemia. 
In many instances, further testing is not necessary but may be helpful in some settings. 

Child with anemia

Low
• Aplastic anemia
• Diamond-Blackfan anemia
• Malignant infiltration
   of marrow 

Normal
• Blood loss
• Fetomaternal hemorrhage
• Fetoplacental or twin-twin
   transfusion
• Infection

• HIV
• CMV
• Toxoplasmosis
• Rubella
• Syphilis

Positive
Isoimmune hemolytic anemia

Negative

Reticulocyte count

Red blood cell morphology

Mean corpuscular volume

Normal or elevated

High

Low
• Chronic intrauterine 
   blood loss
• α-Thalassemia

Coombs test

Abnormal
• Disseminated intravascular
   coagulation
• Vitamin E deficiency
• Spherocytosis
• Elliptocytosis
• Stomatocytosis
• Infantile pyknocytosis
• G6PD deficiency
• Pyruvate kinase 
   deficiency

  Figure 5-2
 Diagnostic approach to anemia in the newborn. CMV, cytomegalovirus; G6PD, glucose-6-phosphate 
dehydrogenase; HIV, human immunodefi ciency virus.  (Derived from Nathan DC, Oski F.  Hematology of 
Infancy and Childhood.  3rd ed. Philadelphia, PA: WB Saunders; 1987.)



Anemia and Pallor 51

BOX 5-1

Diff erential Diagnosis of Specifi c Pathologic Red 
Blood Cell Featuresa

TARGET CELLS

(Surface-to-volume ratio increased)
• Th alassemia
• Hemoglobinopathies
• Hemoglobin E disease
• Hyposplenism or postsplenectomy
• Hepatic disease
• Severe iron defi ciency anemia
• Abetaproteinemia
• Lecithin or cholesterol acyltransferase 

defi ciency

SPHEROCYTES

(Hyperdense cells with a decrease in surface-
to-volume ratio and an increased mean 
corpuscular hemoglobin concentration)
• Hereditary spherocytosis
• Hemolytic anemia (autoimmune, ABO 

incompatibility, water dilution)
• Microangiopathic hemolytic anemia
• Hemoglobin SS disease
• Hypersplenism
• Burns
• After RBC transfusions
• Pyruvate kinase defi ciency

ACANTHOCYTES (SPUR CELLS)

(Cells with 10–15 spicules that are typically 
irregular in length, spacing, and width; cells 
usually smaller than normal RBCs)
• Disseminated intravascular coagulation
• Microangiopathic hemolytic anemia
• Hyposplenism or postsplenectomy
• Hepatic disease
• Hypothyroidism
• Vitamin E defi ciency
• Abetalipoproteinemia
• Malabsorption

ECHINOCYTES (BURR CELLS)

(Cells with 10–30 spicules that are 
typically of comparable size and 
distributed evenly)
• Dehydration
• Renal disease
• Hepatic disease
• Pyruvate kinase defi ciency
• Peptic ulcer disease
• After RBC transfusion

PYKNOCYTES

(Hyperchromic RBCs with a decreased 
volume and distorted shape)
• Similar to acanthocytes and echinocytes

BLISTER CELLS

(Contain a clear area in RBCs that 
contains no hemoglobin)
• Hemoglobin SS disease
• G6PD defi ciency
• Pulmonary emboli

BASOPHILIC STIPPLING

(Retention of RNA resulting in fi ne blue 
inclusions in the cytoplasm)
• Iron defi ciency anemia
• Lead poisoning
• Hemolytic anemias
• Pyrimidine 5’-nucleotidase defi ciency

ELLIPTOCYTES

(Elliptical-shaped cells)
• Hereditary elliptocytosis
• Iron defi ciency anemia
• Th alassemia
• Hemoglobin SS disease
• Sepsis
• Megaloblastic anemia
• Malaria
• Leukoerythroblastic reaction

TEARDROP CELLS

(Microcytic and hypochromic cells that are in 
the shape of a teardrop)
• Normal fi nding in newborns
• Th alassemia
• Myeloproliferative diseases
• Leukoerythroblastic reaction

SCHISTOCYTES

(RBC fragments that result from trauma)
• Disseminated intravascular coagulation
• Hemolytic anemia and microangiopathic 

hemolytic anemia
• Kasabach-Merritt syndrome
• Purpura fulminans
• Hemolytic-uremic syndrome
• Uremia, glomerular nephritis, acute tubular 

necrosis

Continued
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BOX 5-1

Diff erential Diagnosis of Specifi c Pathologic Red 
Blood Cell Features—cont’d
• Cirrhosis of the liver
• Malignant hypertension
• Th rombosis
• Th rombotic thrombocytopenia purpura
• Amyloidosis
• Chronic relapsing schistocytic hemolytic 

anemia
• Burns
• Connective tissue disorders

STOMATOCYTE

(Area of central pallor is more slit-like than 
round)
• Present in small numbers in normal 

individuals

• Stomatocytosis (hereditary)
• Th alassemia

NUCLEATED RED BLOOD CELLS

(Normal on a peripheral blood smear in the 
fi rst week of life only)
• Normal newborns
• Signifi cant bone marrow stimulation
• Congenital infections
• Hyposplenism or postsplenectomy
• Leukoerythroblastic reaction, particularly 

with severe infections and leukemias or 
metastatic tumors in the bone marrow

• Megaloblastic anemia
• Dyserythropoietic anemias 

aFrequently, normal blood smears will contain abnormal-appearing RBCs that are simply an artifact of trauma during the 
blood draw or ex vivo processing of the blood.
G6PD, glucose-6-phosphate dehydrogenase; RBC, red blood cell.
Modifi ed from Nathan DG, Orkin SH. A diagnostic approach to the anemic patient. In: Nathan and Oski’s Hematology 
of Infancy and Childhood. 5th ed. Philadelphia, PA: WB Saunders; 1998. 

Serum iron and ferritin levels are low, whereas the total iron-binding capacity is elevated. 
Many children also have an elevated platelet count.

When a primary care physician is treating a child with hypochromic, microcytic anemia 
found on a routine screening blood cell count, and a history of poor iron intake or excessive 
milk intake is elicited, a reasonable approach would be to give a trial of supplemental iron 

Table 5-2
Classifi cation of Anemia in Childhood

MICROCYTIC NORMOCYTIC MACROCYTIC

Iron defi ciency anemia
Lead poisoning
Copper defi ciency
Malnutrition
Chronic disease
Thalassemia
Hemoglobin E trait
Sideroblastic anemia
Atransferrinemia
Inborn errors of metabolism

Infection
Acute blood loss
Renal disease
Connective tissue disorder
Hepatic disease
Hemolysis
Hypersplenism
Malignancy
Aplastic anemia
Dyserythropoietic anemia
Drugs 

Megaloblastic anemias from B12 or 
folate defi ciency

Reticulocytosis
Postsplenectomy
Myelodysplastic syndrome
Aplastic anemia
Fanconi anemia
Diamond-Blackfan syndrome
Pearson syndrome
Dyskeratosis congenita
Paroxysmal nocturnal hemoglobinuria
Down syndrome
Hypothyroidism
Hepatic disease, jaundice
Drugs (eg, phenytoin, methotrexate)
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(6 mg/kg of elemental iron per day divided into 2 or more doses) rather than to draw addi-
tional blood for biochemical analysis. Th e reticulocyte count should increase within 5 to 
7 days once therapy is initiated. Assuming the dietary defi ciency is corrected, supplemental 
iron should continue for 2 to 3 months after the hemoglobin concentration has normalized 
to replenish iron stores fully. For patients with a hypochromic microcytic anemia who do not 
seem to be at risk based on diet alone, and for those who do not respond to supplemental 
iron, additional testing is required. Iron defi ciency, although common, is still abnormal, and 
the etiology of the defi ciency should be clearly defi ned.

Th alassemias
Th e thalassemias are a heterogenous group of disorders of hemoglobin production. Th e 
�-thalassemias have defi cient production of the � chain, and the �-thalassemias have defi -
cient production of the � chain. In either case, the excess of one chain relative to the other 
results in precipitation and destruction of the RBCs.

�-THALASSEMIA. Th alassemia minor (or thalassemia trait) is common among black 
patients and results from a mutation of 1 of the 2 genes on chromosome 11 encoding for 
the �-chain. When only 1 gene is aff ected, a mild decrease in �-chain production occurs, 
resulting in a mild anemia. Patients with thalassemia trait frequently have a hypochromic, 
microcytic anemia found on a routine complete blood count, similar to patients with iron 
defi ciency anemia. Target cells are also common to both diseases. However, patients with 
thalassemia trait usually have an increase in the number of RBCs, whereas patients with iron 
defi ciency commonly have a decrease in RBC number. A hemoglobin electrophoresis may 
also be helpful in diagnosing thalassemia trait. Both the hemoglobin F and hemoglobin A2 
levels are commonly elevated. Although treatment is not necessary, diagnosing thalassemia 
trait is important so that appropriate genetic counseling may be off ered to patients and 
families.4

THALASSEMIA MAJOR. Th alassemia major (Cooley anemia) results from defects in 
both �-globin genes and manifests as a severe hemolytic anemia. Marked compensatory 
erythropoiesis causing expansion of the medullary space results in a prominence of the 
cheeks and frontal bossing.4 Long-term transfusion therapy is required for these patients, 
and immediate referral to a hematologist is necessary.

�-THALASSEMIA. Each chromosome 16 contains 2 identical genes (4 genes total) 
for the � chain. Abnormalities in these genes, most commonly seen in blacks and Asians, 
result in �-thalassemia.5 When 1 gene is aff ected, the patient will be asymptomatic, with 
little or no abnormality on routine testing. �-Th alassemia trait is the result of a mutation in 
2 genes. Patients with �-thalassemia trait are also asymptomatic. Th ey have laboratory 
fi ndings similar to patients with �-thalassemia trait or iron defi ciency (microcytic, hypo-
chromic) anemia. However, unlike �-thalassemia trait, the anemia is usually less severe, 
and the hemoglobin electrophoresis is normal. Th e diagnosis is based on the fi ndings 
of a microcytic, hypochromic mild anemia in patients of Asian or black descent with a 
normal electrophoresis and no evidence of iron defi ciency. Molecular genetic testing of 
HBA1 and HBA2 detects deletions in about 90% and point mutations in about 10% of 
aff ected individuals.6 For purposes of genetic counseling, the typical Asian genotype, with 
both abnormal genes on the same chromosome, is of more concern than the usual genotype 
in black patients, with 1 abnormal gene on each chromosome 16. When 3 of the 4 genes 
are aff ected, hemoglobin H disease is the result. Patients with hemoglobin H disease may 
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be asymptomatic but on laboratory testing show a moderate to severe anemia (hemoglobin, 
7–10 g/dL). Th e anemia is microcytic and hypochromic, with RBC fragments visible on 
review of the peripheral blood smear. A hemoglobin electrophoresis shows 5% to 30% 
hemoglobin H (hemoglobin consisting of 4 � chains). In the newborn period, hemoglobin 
Barts may be detected, which consist of 4 gamma chains. With mutations in all 4 genes, 
no normal hemoglobin is made, and unless the diagnosis is made prenatally to allow for 
intrauterine transfusions, the fetus will die with hydrops fetalis.4

Lead Poisoning
Any measurable lead in the plasma is abnormal, but clinically signifi cant lead poisoning 
occurs at lead levels higher than 10 mcg/dL, and levels higher than 5 mcg/dL deserve atten-
tion. In most instances, lead poisoning is diagnosed on routine screening tests.7 Th e anemia 
in lead poisoning is microcytic and hypochromic, similar to iron defi ciency. However, intense 
basophilic stippling of the RBCs may also be observed. Lead inhibits the insertion of iron 
into the protoporphyrin ring, thus inactivating heme synthesis and leading to an accumu-
lation of free erythrocyte protoporphyrin, the levels of which can be elevated in both iron 
defi ciency and lead poisoning.

Chronic Infl ammation
Chronic illness may be associated with anemia, likely the result both of decreased production 
and shortened RBC survival. Iron fl ow from the reticuloendothelial cells to the erythroblasts 
may also be diminished, resulting in a hypochromic, microcytic anemia. Anemia of chronic 
disease can be associated with malignancies, autoimmune diseases, renal failure, and chronic 
infections. Frequently, RBCs in chronic disease are normocytic and normochromic, but 
microcytic and hypochromic anemias are seen as well. Th e hemoglobin typically is in the 
range of 7 to 10 g/dL with a normal to low reticulocyte count.

Sideroblastic Anemias
Th e sideroblastic anemias, caused by the retention of iron in the mitochondria of immature 
erythrocytes, are rare forms of anemia in childhood. Acquired sideroblastic anemia is a 
disease primarily of adulthood, whereas inherited forms of the disease occur in childhood.

Normocytic Anemia
Normocytic anemia is defi ned as a decreased circulating RBC mass with an MCV in the 
appropriate range for age.1 As noted previously, the distinction of age-appropriate normative 
values is well established and important to consider lest the physician misinterpret a child’s 
results and pursue an unnecessary evaluation (see Table 5-1).

Th e diff erential diagnosis of normocytic anemia (see Table 5-2) is broad and can be divided 
into primary hematologic disorders or systemic disorders with secondary anemia. Primary 
hematologic causes of normocytic anemia include early iron defi ciency anemia, aplastic 
anemia and other bone marrow failure syndromes, and hemolytic anemias (most commonly 
sickle cell disease). Systemic disorders with secondary normocytic anemia include anemia 
of chronic disease, systemic infection, acute blood loss, renal failure, and other disorders.8 
Th e physician can also classify normocytic anemia as a disorder of decreased RBC pro-
duction or increased RBC destruction.9 Whichever way is chosen to develop a diagnostic 
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algorithm, approaching the diagnosis of anemia in a structured way that can consistently 
consider the broad range of diagnostic possibilities is useful.

Primary Hematologic Causes of Normocytic Anemia
For many patients, the diagnosis of anemia is made on routine screening. Iron defi ciency 
anemia is the most common cause of nutritional anemia in childhood discovered by routine 
screening. Although the classic indices for iron defi ciency anemia include a low MCV and 
a high red cell distribution width, early iron defi ciency anemia may appear as a normocytic 
anemia. A reticulocyte count will be lower than expected for a patient with anemia because 
RBC production will be decreased. Iron studies should corroborate the diagnosis of iron 
defi ciency anemia, but a trial of supplemental iron should be both diagnostic and therapeutic.

Aplastic anemia and bone marrow failure syndromes can result in normocytic anemia as a 
result of decreased RBC production.10 Examples include congenital or acquired aplastic ane-
mia, transient erythroblastopenia of childhood,11,12 pure red cell aplasia (Diamond-Blackfan 
anemia), and viral infections (eg, parvovirus, Epstein-Barr virus).13

Bone marrow infi ltration from a malignant process (either leukemia or metastatic solid 
tumors) can result in decreased RBC production and cause a normocytic anemia. Again, 
the reticulocyte count will be lower than expected for the degree of anemia. Abnormalities 
in the white blood cell count and platelet count may also be noted. Immature cells may 
be noted on review of a peripheral blood smear. Evidence of hemolysis and increased RBC 
turnover should be absent.

Hemolytic anemias result from RBC membrane defects (eg, hereditary spherocytosis, 
elliptocytosis),4 enzyme defects (eg, glucose-6-phosphate dehydrogenase [G6PD] defi ciency, 
pyruvate kinase defi ciency),14 hemoglobin defects (eg, sickle cell disease, thalassemias), and 
autoimmune hemolytic anemias. In general, the hemolytic anemias are characterized by 
an elevated reticulocyte count and evidence of increased RBC destruction (elevated serum 
bilirubin level). A patient with a personal or a family history of early cholecystectomy or 
intermittent jaundice may suggest a familial hemolytic anemia. Obtaining the complete 
blood count results of immediate family members may help confi rm the diagnosis. Although 
routine newborn screening will identify patients with sickle cell disease born in the United 
States, children born in areas without routine screening may well have their sickle cell disease 
diagnosed later in life.15

Rarely, normocytic anemia may result from a combination of a microcytic anemia (iron 
defi ciency) and a macrocytic anemia (folate defi ciency). Th e MCV is a mean and, as such, 
2 populations of RBCs may average out to a normal MCV.

Systemic Causes of Normocytic Anemia
Acute blood loss will result in a normocytic anemia. Patients with chronic blood loss (eg, 
gastrointestinal bleeding) will likely become iron defi cient and develop a microcytic anemia. 
However, in the early stage of the process, the patient will have normocytic RBCs. Testing 
the stool for occult blood is indicated in the evaluation.

Anemia of chronic disease is a poorly understood but well-recognized cause of normocytic 
anemia in children and adults. Anemia of chronic disease can be associated with a variety of 
illnesses, including rheumatologic conditions, systemic infections, endocrine dysfunction, 
liver failure, lung disease, and renal disease.9,16,17
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Evaluation of Normocytic Anemia
In general, normocytic anemias that are nonresponsive to supplemental iron and not clearly 
associated with a systemic illness warrant referral to a pediatric hematologist. A reticulocyte 
count and review of the peripheral blood smear are indicated for every child with normocytic 
anemia referred to a hematologist. Th e smear may help identify morphologic features to aid 
in the diagnosis (eg, spherocytosis, sickle cells) or reveal evidence of hemolysis (schistocytes, 
RBC fragments).

Th e percentage reticulocyte count must be considered within the context of the patient’s 
hemoglobin level and hematocrit. A high percentage reticulocyte count is expected in a 
child who can mount an appropriate response to anemia. An apparently normal reticulocyte 
percentage (1.1%–3.5%) in a child with severe anemia is actually relatively lower than it 
should be to compensate for the anemia. For this reason, the reticulocyte index is a use-
ful calculation: the reticulocyte count multiplied by the ratio represented by the patient’s 
hematocrit divided by the normal hematocrit.10

A relatively low reticulocyte count (<1%) suggests decreased RBC production. Th e pri-
mary care physician must then consider aplastic anemia, malignancy, transient erythroblas-
topenia of childhood, and other causes of bone marrow suppression. A bone marrow aspirate 
and biopsy are rarely indicated but must be considered to rule out malignancy, especially 
when more than a single blood cell line is abnormal.

An elevated reticulocyte count suggests that the bone marrow is compensating for blood 
loss either from hemolysis or from hemorrhage. Causes of blood loss must be considered. 
Patients with an elevated reticulocyte count and an elevated bilirubin level likely have ongo-
ing hemolysis. A positive Coombs test (direct antiglobulin test) suggests an autoimmune 
hemolytic anemia. Without evidence of an autoimmune process, hemoglobinopathies (sickle 
cell disease and variants and thalassemias) must be evaluated by hemoglobin electrophoresis.

Other specialized assays may defi ne specifi c RBC disorders that result in hemolysis. G6PD 
defi ciency, which is X-linked, is the most common enzyme defect in males. Many variants 
have been found, and the assay may be falsely negative in patients with a high reticulocyte 
count immediately after a hemolytic crisis. Families need to be educated regarding the triggers 
for hemolysis in G6PD defi ciency, including a variety of medications, infections, exposure 
to mothballs, and, for some variants, fava beans (favism). A positive osmotic fragility test 
helps confi rm the diagnosis of hereditary spherocytosis and should be considered in patients 
with RBC morphology consistent with the diagnosis.18

Macrocytic Anemias
Macrocytic anemias in childhood are extremely rare and are typically the result of defi -
ciencies in folate or vitamin B12.

1 Folate defi ciency can be associated with inborn errors 
of metabolism, poor dietary intake, increased utilization in patients with hemolytic ane-
mias, malabsorption, and drugs that inhibit folate metabolism (methotrexate). Vitamin 
B12 defi ciency may be caused by inborn errors of metabolism, poor dietary intake, and 
malabsorption. In cases of signifi cant defi ciencies, these anemias can be quite severe, with 
an MCV between 100 and 140 fL. In addition to normochromic macrocytic RBCs, hyper-
segmented neutrophils may be visible on the peripheral blood smear. Serum folate and B12 
levels may help confi rm the diagnosis, but the underlying cause of the vitamin defi ciency 
must be determined.
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A macrocytic anemia in a child is always concerning for an underlying disorder in bone 
marrow production. Myelodysplasia, early aplasia, and leukemia may all manifest as mac-
rocytosis with or without anemia. In the absence of a clear B12 or folate defi ciency, a referral 
to a hematologist is warranted for assessment of macrocytosis to rule out myelodysplasia 
or malignancy.

Anemia of the Newborn
Th e diff erential diagnosis of anemia in a newborn is distinctly diff erent from that in older 
children. Peripartum hemorrhage and maternal factors, such as alloantibodies, are important 
in deciphering neonatal anemias. Iron defi ciency in the newborn period is quite rare. Anemias 
with similar origins may also be displayed diff erently in infants and children.

Table 5-1 lists the normal hematologic parameters for infants and children. Hematologic 
parameters in children evolve over the fi rst couple of months of life. Typically, a normal 
hemoglobin level in a term newborn is approximately 19 g/dL. Th e hemoglobin concentra-
tion falls gradually to a nadir of 10 to 11 g/dL by 8 to 12 weeks of age. Th is nadir, termed 
physiologic anemia of the newborn, is more pronounced in preterm infants with nadirs as 
low as 7 to 8 g/dL. Despite the low nadir, transfusions are necessary only if the anemia is 
uncompensated, although early supplementation with iron is usually indicated.1

When considering the diff erential diagnosis of anemia in newborns, classifying the 
cause of the anemia into 1 of 3 broad groups is helpful: (1) blood loss, (2) hemolysis, 
or (3) decreased production.19,20 Blood loss may occur at any time during a pregnancy. 
Common causes include fetomaternal transfusion, twin-to-twin transfusion, placental 
abruption, placenta previa, and internal hemorrhage (eg, intraventricular hemorrhage, 
cephalohematoma, caput succedaneum). Th e Betke-Kleihauer test detects the presence of 
fetal RBCs in the mother. Fetal cells can be detected in the circulation of 50% of pregnan-
cies; however, rarely is the hemorrhage signifi cant enough to cause anemia in the newborn. 
Mothers who are blood type O with infants who are not type O may have a false-negative 
Betke-Kleihauer test result.

At least 15% of monochorionic twins develop signifi cant twin-to-twin transfusions, 
with diff erences in hemoglobin concentrations of 5 g/dL or more. At birth, the donor twin 
typically is smaller and may have pallor, oligohydramnios, and even shock. Polycythemia, 
polyhydramnios, and congestive heart failure may be present at birth in the recipient twin.21

Th e clinical manifestation of neonatal anemia from blood loss is dependent on the severity 
and rapidity of the blood loss. Infants with chronic blood loss throughout pregnancy may 
have pallor and microcytic, hypochromic anemia but appear otherwise well and hemody-
namically stable. Infants with acute blood loss may have pallor, tachypnea, tachycardia, 
hypotension, and decreased tone. A normocytic, normochromic anemia with a reticulocytosis 
is detectable soon after birth.19,20

Th e most common cause of hemolytic anemia in the newborn is isoimmune hemolytic 
anemia caused by an incompatibility in maternal and fetal RBC antigens, including Rh, 
ABO, and minor blood groups. Mothers who are Rh negative may become immunized 
against the Rh antigen when pregnant with an Rh-positive fetus. During subsequent preg-
nancies, if the fetus is Rh positive, then maternal anti-Rh antibodies will readily cross the 
placenta and destroy the Rh-positive RBCs in the fetus. In utero and perinatal hemolysis 
may be rapid and severe, resulting in life-threatening hemolysis and hyperbilirubinemia. 
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However, with the prenatal administration of Rh immune globulin to Rh-negative mothers, 
life-threatening Rh incompatibility is rare today. In cases of hemolytic anemia from ABO or 
minor blood group antigen incompatibility, the mechanism of immunization and hemolysis 
is similar to Rh incompatibility, but the hemolysis is rarely severe.1 Hemolytic anemia in the 
newborn may also occur as a result of maternal drug use and neonatal infections, including 
bacterial sepsis, cytomegalovirus, toxoplasmosis, herpes, and rubella. Microangiopathic 
hemolysis may occur in infants with thrombi, disseminated intravascular coagulation, and 
Kasabach-Merritt syndrome (multiple cavernous hemangiomas).

Hemolysis from hemoglobinopathies rarely causes symptomatic anemia in newborns. 
Anemia from � chain defects (eg, sickle cell disease, �-thalassemias) may not appear until 
later in infancy when the hemoglobin concentration is more dependent on �-chain produc-
tion. �-Th alassemia major will manifest as erythroblastosis fetalis in the newborn period. 
RBC membrane and enzyme defects may be apparent at birth but more commonly appear 
later in the newborn period.

RBC production defi ciencies are rare in the newborn period and are typically the result 
of infection or drugs. Diamond-Blackfan anemia is a rare congenital pure RBC precursor 
aplasia. However, aff ected patients are typically not anemic until 3 to 12 months of age. 
Congenital leukemias and osteopetrosis may also result in defi cient RBC production but 
are also typically associated with disorders in the other cell lines and are extremely rare.

 EVALUATION
Anemia is frequently identifi ed in the fi rst or second year of life and in adolescence on 
routine screening performed by primary care physicians. By using information obtained 
from a thorough history and physical examination, as well as results of routine laboratory 
studies, most causes of anemia can be accurately diagnosed in the primary care physician’s 
offi  ce. Diseases leading to anemia and pallor in infants and children are listed in Table 5-2, 
Figure 5-1, and Figure 5-2.

History
Many children with anemia are asymptomatic and have their condition diagnosed only on 
routine screening evaluations. Nonetheless, a thorough history may help identify patients 
most at risk for developing anemia, as well as help identify the cause of an existing ane-
mia. Demographic factors such as age, gender, and ethnicity will identify risk groups 
for specifi c types of anemia. Toddlers and adolescent girls account for most cases of iron 
defi ciency anemia. Blacks are at greatest risk for sickle cell anemia, whereas the thalas-
semias occur primarily in patients of Mediterranean and Southeast Asian descent. A diet 
history is crucial in identifying children most likely to develop iron defi ciency anemia. 
Sulfa drugs can produce a hemolytic anemia in patients with G6PD defi ciency. Many 
common acute bacterial and viral infections may result in a mild anemia from decreased 
RBC production or increased RBC destruction, or both. Anemias resulting from such 
infections are typically short-lived but are commonly the cause of abnormalities identifi ed 
on routine screening. Acute or chronic blood loss (or both) should be considered in all 
patients with anemia. Common sites of blood loss in otherwise asymptomatic patients 
include the gastrointestinal tract for all patients and the genitourinary tract for female 
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patients. Anemia may be the benign manifestation of an underlying systemic disease such 
as autoimmune disorders and may be associated with signs of systemic illness (fevers, 
weight loss, among other signs). Finally, a family history may help guide the workup for 
a patient with anemia. In addition to a family history of hemoglobinopathies, a history of 
jaundice during systemic illnesses, cholecystectomy at a young age, or splenectomy may 
suggest a hereditary hemolytic anemia. Historical factors worthy of note in evaluating an 
anemic patient are listed in Table 5-3.

Physical Examination
Infants and toddlers may experience fatigue, irritability, pallor, increased periods of sleep, 
poor feeding, and failure to thrive. Older children and adolescents may experience fatigue, 
pallor, exercise intolerance, dizziness, headaches, shortness of breath, or palpitations. 
However, most mild to moderate anemias in childhood are asymptomatic because they 
develop slowly over time, and patients are usually well compensated. In fact, seeing a child 
for a routine physical examination only to fi nd out later that routine laboratory studies reveal 
anemia is not uncommon.

Pallor is the classic physical examination fi nding suggestive of anemia but is rare in 
mild anemias and frequently only seen reliably with hemoglobin concentrations less than 

Table 5-3
Pertinent Historical Factors in the Diagnosis 

of Childhood Anemia
Age Nutritional anemias are rare in infancy in term infants but are more common in 

infants born preterm, as well as in school-aged children and adolescents. Signifi -
cant anemia diagnosed in the fi rst 6 months of life in a term infant is most likely 
a congenital anemia.

Gender G6PD is an X-linked disorder.

Race and 
ethnicity

Hemoglobin S and C are more common among patients of African descent. 
�-Thalassemias are most common in patients of African or Asian ancestry. 
�-Thalassemia syndromes are more common in patients from the Mediterranean.

Nutrition Sources of iron, folate, B12, and vitamin E should be documented. A history of pica 
suggests iron defi ciency.

Medications Phenytoin and methotrexate can induce a megaloblastic anemia. Oxidants can 
induce hemolytic anemias.

Family history Document a history of anemia, jaundice, gallstones, cholecystitis, splenomegaly, 
splenectomy, or hemolytic crisis, which may suggest an inherited hemolytic 
anemia.

Infection Infections may induce hemolysis or red blood cell hypoplasia or aplasia 
(parvovirus B19), whereas hepatitis may induce aplastic anemia.

Gastrointestinal The gastrointestinal tract is a common source of blood loss. Nutritional defi cien-
cies may result from malabsorption syndromes.

G6PD, glucose-6-phosphate dehydrogenase.
Modifi ed from Nathan DG, Orkin SH. A diagnostic approach to the anemic patient. In: Nathan and Oski’s 
Hematology of Infancy and Childhood. 5th Ed. Philadelphia, PA: WB Saunders; 1998. Copyright © 1998, 
Elsevier, with permission.
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8 g/dL. Pallor may be more easily identifi ed in the nail beds, mucosa, conjunctiva, and 
palmar creases than in a cursory examination of the skin. Splenomegaly, scleral icterus, and 
jaundice in the setting of anemia are highly suggestive of a hemolytic process. In chronic 
hemolytic anemia such as thalassemia, frontal bossing and maxillary prominence are indica-
tive of the marrow expansion necessary to keep pace with ongoing hemolysis. Leukemia or 
lymphoma may manifest as an anemia associated with focal lymphadenopathy and hepato-
splenomegaly. Regardless of the cause of the anemia, a mild to moderate decrease in RBC 
mass may result in a pulmonary valve fl ow murmur, whereas more severe anemias may be 
associated with signs and symptoms of congestive heart failure. Compensated anemia usually 
refers to anemia associated with suffi  cient cardiovascular compensation to preserve normal 
oxygen delivery to tissues. Patients in whom the anemia develops or persists over a long 
period may have hemoglobin concentrations less than 6 g/dL but no signs or symptoms of 
anemia other than pallor. Cardiac stroke volume is increased, allowing patients to maintain 
normal oxygen delivery to tissues with normal or near-normal heart rates. Patients who lose 
blood more rapidly, from hemolysis or hemorrhage, may not have time for compensatory 
mechanisms to maintain tissue perfusion and oxygenation. Tachycardia is an early sign, 
followed by orthostasis, headache, dizziness, and hypotension, all of which are reasons to 
hospitalize a patient with anemia.

Laboratory Findings
In addition to a determination of the hemoglobin level and hematocrit, which may be 
done exclusively in some practice settings, RBC morphology and reticulocyte count should 
be assessed. Anemias may be classifi ed by RBC size as determined by the MCV and by 
RBC production as determined by the reticulocyte count. An elevated reticulocyte count 
implies bone marrow compensation for chronic blood loss or hemolysis, whereas a low 
reticulocyte count may suggest impaired RBC production or acute blood loss. Although 
not necessary in the initial diagnosis of all patients with anemia, iron studies may be 
performed and erythrocyte sedimentation rate, serum bilirubin, and serum lactate dehydro-
genase levels may be assessed easily in most practice settings and may provide clues to the 
cause of the anemia. Th e mean corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) are generally of minimal value in the classifi cation 
and diagnosis of an anemia. Changes in the MCH typically parallel changes in the MCV. 
Th e MCHC is a measure of RBC hydration status. Higher MCHC values (>35/dL) are 
seen in dehydrated red cells associated with spherocytosis, and low MCHC values may be 
seen in iron defi ciency.

 TREATMENT
Treatment of a compensated anemia will be dictated by the cause of the anemia. Patients 
with uncompensated anemia should be admitted to the hospital for observation and possible 
transfusion. Eff ective treatment of the anemia is best accomplished by treating the underly-
ing disorder. A substantial number of patients with a microcytic anemia or a normocytic 
anemia have early iron defi ciency anemia, and a course of supplemental iron is appropriate. 
However, for patients with anemia that is nonresponsive to nutritional supplements and not 
clearly related to a systemic illness, referral to a pediatric hematologist is warranted. Referral 
to a pediatric oncologist is also warranted for management of most macrocytic anemias 
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that are not related to nutritional defi ciencies. Specifi c treatment will be predicated on the 
underlying hematologic disorder.

When to Refer

• Hemoglobin level less than 8 g/dL or hematocrit less than 25%
• Anemia of unknown origin
• Anemia is associated with disorder in white blood cells or platelets
• Diagnosis of hemoglobinopathy or RBC membrane defect is suspected or confi rmed

When to Admit

• Profound anemia (hemoglobin level <5)
• Uncompensated anemia or anemia associated with a rapidly dropping hemoglobin level
• Anemia in an ill child

TOOLS FOR PRACTICE

Engaging Patient and Family
• Anemia and Your Young Child (handout), American Academy of Pediatrics (patiented.

solutions.aap.org)
• Iron and Iron Defi ciency (fact sheet), Centers for Disease Control and Prevention (www.

cdc.gov/nccdphp/dnpa/nutrition/nutrition_for_everyone/iron_defi ciency/index.htm)

Medical Decision Support
• Pediatric Nutrition Handbook, 7th ed (book), American Academy of Pediatrics (shop.

aap.org), pp 403–417
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Chapter 6

Anxiety
Lawrence S. Wissow, MD, MPH

 INTRODUCTION
Symptoms of anxiety aff ect many children, including a large number whose symptoms 
do not rise to the level of a disorder. At some stages and in some circumstances, a certain 
level of anxiety is developmentally appropriate (eg, stranger anxiety in late infancy or 
anxiety in anticipation of a painful medical procedure). However, from 6% to 20% of 
youth will meet diagnostic criteria for an anxiety disorder at some time during child-
hood,1 with approximately half experiencing impairment of daily functioning.2 Anxiety 
disorders (generalized anxiety disorder, panic disorder, separation anxiety disorder, ago-
raphobia, social phobia, post-traumatic stress disorder [PTSD], obsessive-compulsive 
disorder [OCD], specifi c phobias; see Table 6-1) are among the most common mental 
health disorders in children and adolescents.2 Anxiety disorders often occur concomi-
tantly with chronic medical conditions—aff ecting children’s use of medical resources 
through frequent emergency department visits and hospitalizations3—and with other 
psychiatric disorders, especially depression.4 Anxious children often have an anxious or 
a depressed parent.

Th e guidance in this chapter applies to the care of children presenting with symptoms 
of anxiety in pediatric clinical settings. Th ough, as noted above, there are several distinct 
forms of anxiety disorders, they often co-occur, sharing core symptoms and approaches 
to initial treatment. Th us the pediatrician may want to start building competence in this 
area by learning about anxiety problems in general before trying to further diff erentiate the 
various disorders.

Th e following guidance is based on the work of the World Health Organization, whose 
recommendations may be updated annually. Th e most up-to-date information can be found 
at www.who.int.

 FINDINGS SUGGESTING ANXIETY
Symptoms of anxiety vary by age. Children may experience developmentally normal 
fears; they may have fears that are exaggerated or persistent beyond norms for their age; 
and they may have fears and associated reactions or panic attacks that impair their function-
ing at school, at home, or with peers. Box 6-1 provides a summary of the symptoms and 
clinical fi ndings that suggest anxiety. Th ese may be elicited from either parents or youth. 
Parents and youth often disagree on the severity of anxiety symptoms; however, agreement 
is much better if the discussion is about whether there are symptoms at all, regardless of 

http://www.who.int
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severity or eff ect on function. Agreement at this level may facilitate further discussion of 
how to approach the problem.

 TOOLS TO ASSIST WITH IDENTIFICATION
Because many children do not spontaneously disclose their symptoms, standardized psy-
chosocial screening instruments may be used to identify children with symptoms of anxiety. 
Several instruments have versions to collect information directly from the youth or from 
parents or teachers. Table 6-2 provides an overview of general psychosocial screening tools 
available in the public domain, along with results suggesting that anxiety may be present. 
Use of additional instruments, such as the Spence Children’s Anxiety Scale or Screen for 
Child Anxiety Related Disorders 2 (SCARED), can help to confi rm fi ndings of the initial 
screening; and use of a functional assessment tool, such as the Strengths & Diffi  culties 
Questionnaires (SDQ) or Columbia Impairment Scale (CIS), will assist in determining 
whether the child is signifi cantly impaired by the symptoms. Use of a tool to assess the eff ect 

Table 6-1
General Overview of Anxiety and Anxiety-Related Disorders

TYPE DESCRIPTION

ANXIETY

Generalized 
anxiety disorder

Excessive anxiety and worry about a number of events or activities. Children 
tend to worry excessively about their competence or the quality of their perfor-
mance at school or in sporting events.

Panic disorder Recurrent, unexpected, abrupt surge of intense fear or discomfort that reaches 
a peak within minutes and includes symptoms such as sweating, trembling, 
palpitations, and dizziness.

Separation anxiety 
disorder

Developmentally inappropriate and excessive fear or anxiety concerning sepa-
ration from those to whom the individual is attached.

Agoraphobia Marked fear or anxiety in using public transportation, being in open or enclosed 
spaces, standing in line or being in a crowd, or being outside of the home alone.

Social phobia Marked fear or anxiety about 1 or more social situations in which the individual 
is exposed to possible scrutiny by others. In children, the anxiety must occur in 
peer settings and not just during interactions with adults.

Specifi c phobias Marked fear or anxiety about a specifi c object or situation (eg, insects, heights, 
storms, needles, airplanes, loud sounds, costumed characters). In children, the 
fear or anxiety may be expressed by crying, tantrums, freezing, or clinging.

OBSESSIVE-COMPULSIVE DISORDERS 

Obsessive-
compulsive 
disorder (OCD)

Presence of obsessions or compulsions. Obsessions are recurrent and persis-
tent thoughts, urges, or images that are experienced as intrusive and unwanted. 
Compulsions are repetitive behaviors or mental acts that an individual is driven 
to perform, often in response to an obsession or rigidly applied rules.

TRAUMA- AND STRESSOR-RELATED DISORDERS 

Post-traumatic 
stress disorder 
(PTSD)

Development of characteristic symptoms following exposure to actual or 
threatened death, serious injury, or sexual violence.

Derived from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 
5th ed. Arlington, VA: American Psychiatric Association; 2013.
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of the child’s problem on other members of the family may also be helpful; the Caregiver 
Strain Questionnaire (CGSQ) is an example.

It is important to diff erentiate the use of these tools as screening instruments at routine 
visits from their use to refi ne concerns that have already been raised. When used as screening 
tools, they tend to have relatively low sensitivity and positive predictive value. Th at is, positive 
results need further discussion to understand the meaning of the result, and negative results 
may not be reassuring if the parent or youth are truly concerned. When used to follow up 
on existing concerns, results still need discussion with families, but are more likely be a fair 
indicator of the nature and severity of the child’s problems. 

BOX 6-1

Symptoms and Clinical Findings Suggesting Anxiety
• Normal fears (eg, strangers, dark, separa-

tion, new social situations, unfamiliar
animals or objects, public speaking) are
exaggerated or persistent.

• Fears are keeping child from developmen-
tally appropriate experiences (eg, school
refusal, extreme shyness or clinging, refusal
to sleep alone).

• Tantrum, tearfulness, acting-out behavior,
or another display of distress occurs when
child is asked to engage in feared activity.

• Child worries about harm coming to self or
loved ones or fears something bad is going
to happen.

• Behavior changes following a traumatic
experience, such as abuse, witness to
violence, loss of a loved one, or medical
trauma, as follows:

Infants and toddlers: Crying, clinging, 
change in sleep or eating habits, regres-
sion to earlier behavior (eg, bed-
wetting, thumb-sucking), repetitive 
play or talk
3- to 5-year-olds: Separation fears, cling-
ing, tantrums, fi ghting, crying, with-
drawal, regression to earlier behavior 
(eg, bed-wetting, thumb-sucking), sleep 
diffi  culty
6- to 9-year-olds: Anger, fi ghting, bully-
ing, irritability, fl uctuating moods, fear of 
separation or of being alone, fear that 
traumatic events will recur, withdrawal, 
regression to earlier behavior, physical 
complaints (eg, stomachaches, headaches), 
school problems (eg, avoidance, academic 
diffi  culty, diffi  culty concentrating)

10- to 12-year-olds: Crying, aggression, 
irritability, bullying, resentment, sadness, 
social withdrawal, fears that traumatic 
events will recur, suppressed emotions or 
avoidance of situations or discussions 
that evoke memories of the traumatic 
event, sleep disturbance, concern about 
physical health of self or others, aca-
demic problems or decline related to 
lack of attention
13- to 18-year-olds: Numbing, reexpe-
riencing, avoidance of feelings (or situa-
tions or discussions that evoke memories 
of the traumatic event), resentment, loss 
of trust or optimism about future, 
depression, withdrawal, mood swings, 
irritability, anxiety, anger, exaggerated 
euphoria, acting out, substance use, fear 
of similar events, appetite and sleep 
changes, physical complaints, academic 
decline, school refusal

• Somatic features accompany worries: palpi-
tations, stomachaches, headaches, breath-
lessness, diffi  culty getting to sleep, nausea, 
feeling wobbly (“jelly legs”), butterfl ies.

• Panic attacks occur in response to feared
objects or situations, or happen spontane-
ously. Th ese are unexpected and repeated 
periods of intense fear, dread, or discom-
fort along with symptoms such as racing 
heartbeat, shortness of breath, dizziness, 
light-headedness, feeling smothered, trem-
bling, sense of unreality, or fear of dying, 
losing control, or losing one’s mind. Panic 
attacks often develop without warning and 
last minutes to hours.
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 ASSESSMENT
Assessment begins by diff erentiating the child’s symptoms from normal behavior. Some 
children have a temperament that is, from the outset, marked by having more diffi  culty with 
change and wariness of new situations or individuals. Recognizing that these are longstand-
ing traits can help parents promote active coping skills and avoid misinterpreting the child’s 
behavior as oppositional. Anxiety is a universal experience, and it can occur predictably at 
partcular stages of life or in particular situations. When anxiety persists outside of these 
stages and situations, or when its severity is disruptive, further assessment and treatment 
may be warranted. Some stages in which particular anxieties may normally emerge include 
the following:
• 8 to 9 months: Peak of stranger anxiety.
• Toddlers and early school age: Development of separation anxiety (fear of new people, 

places, or being away from trusted caregivers), usually ends by age 2 to 3 years. 
Depending on their temperament, toddlers and young children may have greater or lesser 
tolerance of changes to routine or expectations or of novel experiences (which can in-
clude new clothing, foods). Fears of the dark (or of unseen monsters) are common and 
exacerbated by other stresses and exposure to frightening media.

• 5 to 8 years: During this period, many children experience an increase in worry about 
harm to parents or attachment fi gures. Worries may be triggered by illness or death in 
family members, by the child’s own illness, or by world events.

• School-aged children of any age: Many children experience anxiety and distress at the 
time of high-stakes testing, as well as initial reluctance to socialize in new situations.

• Adolescence: Previously resolved anxiety issues often occur again in early adolescence, 
sometimes associated with concerns about appearance, new social situations, and school 
performance.

Table 6-2
General Psychosocial Screening/Results Suggesting Anxiety

SCREENING 
INSTRUMENT SCORE SUGGESTING ANXIETY

Pediatric 
Symptom 
Checklist 
(PSC)-35

• Total score �24 for children 5 years and younger.
• �28 for those 6–16 years.
• �30 for those 17 years and older.
AND
• Further discussion of items related to anxiety confi rms a concern in that area.

PSC-17 • Internalizing subscale is �5.
AND
• Further discussion of items related to anxiety confi rms a concern in that area. 

Strengths & 
Diffi culties 
Questionnaire 
(SDQ)

• Total symptom score of �19.
• Emotional symptom score of 7–10 (see instructions at www.sdqinfo.com).
• Impact scale score of 1 (medium impairment) or �2 (high impairment).
AND
• Further discussion of items related to anxiety confi rms a concern in that area.

http://www.sdqinfo.com
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Children with anxiety disorders have fear and distress that interferes with functioning 
in response to everyday situations. Verbal older children and adolescents are usually able 
to describe their fears (“worries” may be a more understandable concept), but evaluating 
reports of younger children’s anxiety may be challenging, especially if the parent giving 
information is also anxious; therefore, it is important to communicate directly with children 
about these symptoms and to observe or get the child’s report of physiologic symptoms 
(eg, increased heart rate, shortness of breath, numbness, tingling). Sometimes children 
will display anxiety through repetitive play that acts out their concerns—crashing toy cars 
or having violent or tragic things happen to dolls—or through drawings that they make 
in response to simple requests to “draw something.” Bad behavior can also be a masked 
presentation of anxiety. Children and youth at any age may become irritable or opposi-
tional in the face of situations—imminent or anticipated—that they fear. Depression or 
bereavement may mimic or co-occur with anxiety, so at least some exploration of other 
emotional symptoms and of current stressors is always warranted. When children and 
youth of any age are anxious, it is always important to ask about stressors in the fam-
ily environment—serious illness (including anxiety and depression) in a family member, 
economic problems, or marital discord.

Anxiety, like depression, also may occur in multiple family members. When children 
are found to be anxious, it is not unusual to fi nd that one or more close family members 
are anxious as well. Helping parents manage their own anxiety can be very important, 
especially, as discussed in the following text, when trying to use modelling as a form of 
treatment. Table 6-3 provides a summary of these conditions. 

Children with anxiety sometimes have panic attacks, which are episodes of autonomic 
arousal that occur suddenly, often (but not always) cued by thoughts of a feared situation. 
People experiencing panic attacks usually report sudden onset of shortness of breath, palpita-
tions, trembling, diaphoresis, and often a feeling of faintness, dread, or impending doom. 
Th e attacks usually subside by themselves over the course of several minutes, but it is not 
unusual, especially among teenagers, for some of the symptoms to be prolonged and result 
in a call for emergency medical assistance. Diff erentiating panic attacks from hypoglycemia, 
asthma exacerbations, or cardiac conditions may in itself help with their treatment; often 
they will improve as other aspects of anxiety are treated. As noted in the following text, 
they can sometimes be suppressed with medication if their frequency is causing disability, 
which can facilitate treatment of the underlying anxiety problem.

Treatment for anxiety generally involves identifying the specifi c situations in which it is 
triggered and helping individuals learn how to reduce anxious feelings when they occur and 
gradually become tolerant of the triggers to the point where anxious responses are either no 
longer evoked or remain manageable. Treatment is usually tailored to the specifi c triggering 
situation, often through carefully supported increasing exposure to the trigger coupled with 
practice of a variety of cognitive, somatic, and social coping strategies. Treatment of OCD 
and PTSD involves these same treatment elements, but diff ers in that the etiology of the 
disorders takes on a role in treatment (whereas in the treatment of other anxiety disorders 
there is less emphasis on how the problem began and more on how to get it to remit). For 
OCD, the fact that obsessions and compulsions develop without particular triggers (though 
they can be worsened by other stresses) plays an important role in children’s and family’s 
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Table 6-3
Conditions That May Mimic or Co-occur With Anxiety

CONDITION  RATIONAL

Learning problems 
or disabilities

If symptoms of anxiety are associated with problems of school attendance or 
performance, the child may be experiencing academic diffi culties. (See Chapter 
49, Learning Diffi culty, for more information.)

Somatic 
complaints

Anxious children may present with a variety of somatic complaints (eg, gastro-
intestinal symptoms, headaches, chest pain). These may elicit medical workups 
if they are not recognized. Conversely, acute or chronic medical conditions or 
pain syndromes may cause anxiety.

Depression This can be very diffi cult to distinguish from anxiety. Depression coexists in 
half or more of anxious children. Marked sleep disturbance, disturbed appetite, 
low mood, or tearfulness in the absence of direct anxiety provocation could 
indicate that a child is depressed.

Bereavement Most children will experience the death of a family member or friend some-
time in their childhood. Other losses may also trigger grief responses—separa-
tion or divorce of parents, relocation, change of school, deployment of a parent 
in military service, breakup with a girlfriend or boyfriend, or remarriage of a 
parent. Such losses are traumatic. They may result in feelings of insecurity and 
anxiety immediately following the loss or exacerbate existing anxiety. Further-
more, they may make the child more susceptible to impaired functioning at the 
time of subsequent losses. 

Autism spectrum 
disorders including 
pervasive devel-
opmental disorder 
and Asperger 
syndrome

Children who have these diffi culties also have problems with social relatedness 
(eg, poor eye contact, preference for solitary activities), language (often stilted), 
and range of interest (persistent and intense interest in a particular activity 
or subject). They often will have very rigid expectations for routine or parent 
promises and become anxious or angry if these expectations are not met.

Exposure to 
adverse childhood 
experiences (ACE)

Children who have experienced or witnessed trauma, violence, a natural 
disaster, separation from a parent, parental divorce or separation, parental 
substance use, neglect, or physical, emotional, or sexual abuse are at high 
risk of developing emotional diffi culties such as adjustment disorder or PTSD. 
Determination of the temporal relationship between the trauma and onset of 
anxiety symptoms is essential. Denial of trauma symptoms does not mean 
trauma did not occur; questions about ACE should be repeated as a trusting 
relationship is established.

Psychosis Symptoms associated with psychosis, such as hallucinations or delusions, may 
occur in children with PTSD. They may also occur infrequently with adolescent 
onset of bipolar disorder and are features of schizophrenia, which may also 
have its onset in adolescence. The teen may manifest fear without disclosing 
the hallucinations or delusions.

Physical illness Medical issues that can mimic or provoke anxiety symptoms include thyroid 
disease, hypoglycemia, side effects of medications (eg, bronchodilators), and 
endocrine tumors (pheochromocytoma). Drug or alcohol withdrawal is a con-
sideration for teens (the latter potentially a medical emergency).

Selective mutism Consider this if a child who has had normal language development suddenly 
stops talking in certain situations (most often in school and to adults outside 
the home). This can be confused with children making a language transition 
(eg, a child raised speaking Spanish who is suddenly placed in an English-
speaking class.)
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understanding of the condition. For PTSD, linking what may be nonspecifi c symptoms to 
a particular past trauma can be an important part of treatment.
• Consider OCD in the presence of marked rituals or compulsive behaviors. Most chil-

dren have phases of ritualized behavior that usually can be distinguished from OCD by the 
degree of distress caused if a ritual is interrupted. Individuals with OCD usually report—or 
after discussion will admit—that the symptoms have a major eff ect on how they plan their 
activities or interact with others, and that attempts to stop the thoughts or actions have 
been diffi  cult to carry out or even contemplate. School-aged children and adolescents will 
often—once the symptoms can be openly discussed—admit being aware that there is some-
thing objectively out of proportion about their concerns, even though they remain diffi  cult 
to resist. Th e most common concerns center on contamination—fears of touching things 
that may be dirty, or the need to repetitively wash or bathe. Other common diffi  culties are 
the need to check that something has been done (usually related to security—doors locked, 
stove turned off ) or a need to have one’s personal possessions in a particular order or place.

• Consider PTSD if the onset of anxiety was preceded by an extremely distressing 
experience, such as witnessing violence, losing a loved one, undergoing medical 
trauma, or experiencing sexual or physical abuse. Parents may be unaware of exposures 
to trauma, such as bullying at school or in the community, and there may be major traumas 
in the family (eg, serious illness in a parent, pending divorce) that are similarly not discussed 
or disclosed; consequently, clinicians may need to interview children and parents separately 
to elicit a complete history. It is important to note that the triggering circumstances need 
only be traumatic in the eye of the child. Most antecedents have in common situations 
in which the child felt that there was risk to her life, or that of someone close to her. Th e 
3 hallmark symptoms of anxiety in the wake of trauma are re-experiencing (often repeti-
tive play in young children), avoidance of memories or situations that recall the trauma, 
and hypervigilance (eg, increased worry about safety, startling or anxiousness at unexpect-
ed sounds or events). Avoidance can also take the form of changing the subject or act-
ing inappropriately when subjects related to trauma are brought up in conversation. 
Children most at risk for developing PTSD following trauma or loss are those with pre-
existing mental health conditions, those whose caregivers are experiencing emotional 
diffi  culties, those facing preexisting or consequent family life stressors, such as divorce 
or loss of job, those with previous loss or trauma experiences, those repeatedly exposed 
to media coverage of traumatic events, and those with a limited support network.4 
Clinicians can provide the child with a safe and comfortable environment to express her feel-
ings and allow the child to control the interview, taking breaks or discontinuing as needed. 
Even children with limited symptoms of PTSD after a trauma can benefi t from treatment.

 PLAN OF CARE FOR CHILDREN WITH ANXIETY
Th e care of a child experiencing anxiety can begin in the primary care setting from the time 
symptoms are recognized, even if the child’s symptoms do not rise to the level of a disorder 
and regardless of whether referral to a mental health specialist is ultimately part of the care 
plan. Both children and parents may, by temperament, be more or less socially outgoing and 
more or less open to new or unexpected experiences. Helping parents appreciate their own 
areas of comfort and discomfort, and how these may diff er from those of their child, can 
be a fi rst step toward treatment. Regardless of parent or child temperament, parents can be 
helped to learn ways to help their child gain better emotional regulation.
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Engage Child and Family in Care
Without engagement, most families will not seek or persist in care. Th e process may require 
multiple primary care visits.5

Reinforce strengths of the child and family (eg, good relationships with at least 1 parent 
or important adult, prosocial peers, concerned or caring family, help-seeking, connec-
tion to positive organizations) as a method of engagement, and identify any barriers to 
addressing the problem (eg, stigma, family confl ict, resistance to treatment). Use “common 
factors” techniques6 to build trust and optimism, reach agreement on incremental next 
steps, develop a plan of care, and collaboratively determine the role of the primary care 
physician. Regardless of other roles, the primary care physician can encourage a positive 
view of treatment on the part of the child and family.

Remember that it is in many ways normal for people with anxiety problems to initially 
resist their treatment. Th is is because most people cope with anxiety through avoidance, and 
initiating treatment means that one has to start thinking about the situations that trigger 
the anxious feelings.

Provide Psychoeducation
Tell the family a little bit about anxiety; much of the material discussed previously in this 
chapter could be useful. Emphasize that anxiety is a normal human emotion, that anxiety 
problems are very common, and that they can be addressed. For some children and families, 
it can be helpful to talk about variations in temperament or personal style that make some 
people more or less anxious in new situations or more or less responsive to threats. Again, 
acknowledge that these are traits we are born with and not to be ashamed of. Th e clinician 
can also say that anxiety has nothing to do with bravery or accomplishment, noting that 
many famous performers and athletes experience serious degrees of “stage fright” and yet, 
with support and encouragement, have become very successful (usually by working hard 
to prepare themselves). It can be helpful to point out that one can very much enjoy and be 
good at things but still experience anxiety when having to do them in front of others or in 
particularly high-stakes circumstances.

Encourage Healthy Habits
Encourage exercise, outdoor play, balanced and consistent diet, sleep (critically important to 
mental health), special time with parents, frequent acknowledgment of the child’s strengths, 
and open communication with a trusted adult about worries. Children, particularly younger 
ones, should be shielded from certain types of media, such as the news, when there are violent 
or disturbing images or stories. Likewise, TV shows, even some cartoons, may contribute 
to a child’s feeling anxious. For preteens and teens, media messages about body image and 
social media may contribute to or exacerbate anxiety.

Reduce Stress
Consider the child’s social environment (eg, family social history, parental depression screen-
ing, results of any family assessment tools administered, reports from child care or school). 
Questions to raise might include the following:
• Is an external problem causing the child to be anxious (eg, bullying at school, academic 

diffi  culties, disruption at home)? Take steps to address the problem.
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• Is the child exposed to frightening electronic media? Sometimes this results from unsu-
pervised access to television or Internet content, but it may also occur during shared 
family activities (eg, movies, TV, video games) when parents or other family members 
underestimate or fail to recognize how frightened the child has become. Limiting these 
exposures, and providing reassuring explanations if they occur, can be an important part 
of reducing anxiety, especially among younger children. 

• Is the child’s worry about a parent’s welfare legitimate because of a serious illness, domestic 
violence, or parent impairment? Address environmental issues, enlisting the help of school 
personnel or social services as appropriate to the situation. 

• Is the parent anxious or depressed or impaired because of substance abuse? Has the 
parent experienced trauma or loss? Anxious children very often have an anxious or a 
depressed parent. Advise parents to minimize their own displays of fear or worry 
when the child is present. A referral to adult mental health services might also be 
appropriate.

Offer Initial Intervention(s) to Address the Anxiety Symptoms
Th e strategies described in the following text are common elements of evidence-based psy-
chosocial interventions for anxiety disorders. Th ey are applicable to the care of children with 
mild or emerging anxiety symptoms and to those with impairing symptoms that do not 
rise to the level of a disorder. Th ey can also be used as initial primary care management of 
children with anxiety disorders and while readying children for referral or awaiting access 
to specialty care. Medications can be helpful, especially to speed suppresion of panic and 
OCD symptoms or when very time-limited and severe stressors need to be faced, but, in the 
absence of psychosocial treatments, symptoms may recur as the medications are discontinued. 
Interpreting the results of a medication trial can also be problematic, because the severity of 
anxiety problems is often cyclic. Families may seek care as symptoms are peaking. If medica-
tion is started at this point, it often cannot be determined if the condition improved on its 
own or responded to medication. Th us, starting with a carefully administered psychosocial 
treatment plan may be a reasonable fi rst step until the severity and natural history of the 
anxiety concerns are better understood.

Guide parents in managing the child’s fears. Help the parents to identify their child’s fear(s) 
and reach consensus with the child and family on the goal of reducing symptoms and on a 
way to do it. Th is could include teaching the child and parent cognitive behavioral strate-
gies to improve coping skills at times when the child feels anxious. Examples of these skills 
include deep breathing, muscle relaxation, positive self-talk, thought stopping, and thinking 
of a safe place. Th e child and family may also benefi t from reading material or a Web course, 
as appropriate to their literacy level.

Gradually increase exposure. One of the best validated approaches to anxiety and phobias 
is to gradually increase the child’s exposure to feared objects or experiences. Th e eventual 
goal is to master rather than avoid feared things. To do this, the parent might start out with 
brief exposure to the feared object or activity and gradually lengthen the exposure. First, 
help the child imagine or talk about the feared object or activity or look at pictures; then 
learn to tolerate a short exposure with support from the parent; proceed to tolerate a longer 
exposure in a group or with the parent or another coach; and, fi nally, tolerate the feared 
activity alone (when that is appropriate) but with a chance to get help if needed. During 
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these trials, parents need to stay as calm and confi dent as possible; if they become distressed, 
it will be a cue for the child to become distressed.

Manage school phobia. For some children who are vulnerable to anxiety, it is necessary to 
return the child promptly to the anxiety-producing situation. School phobia is an example. 
For the child who is afraid at school or resists going to school, rule out bullying, trauma, 
learning diffi  culties, and medical conditions that may be contributing to stress and fear. Also, 
the primary care physician can partner with school personnel to manage the child’s return 
to school and gently, but fi rmly, insist that the child attend school, in addition to providing 
positive feedback and calm support. If absence becomes prolonged or parents are reluctant 
to support the child’s return, referral to a mental health specialist will be necessary.

If anxiety is secondary to environmental stress, support the parents’ eff orts to protect the 
child, buff er stress, and help the child master his anxiety. Help the child to rename the fear 
(ie, “annoying worry”) and assist the child to become the boss of the worry. It is also helpful 
to reward brave behavior (see Table 6-4).

Attend to overall parenting style. Children can become anxious if parents are inconsistent 
about rules and expectations. Determine whether there are catastrophic consequences for 
failure (“I know Dad will get angry if I bring home a bad grade....”). Explore the child’s sense 
of responsibility for the family’s stresses (“I know that the only reason Mom and Dad work 
hard is so I can go to a better school, so I’m afraid that if don’t do well….”).

Treat panic attacks. Early treatment, including psychosocial and psychopharmacologic 
therapy, is useful and may prevent progression to agoraphobia and other problems such as 
depression and substance abuse.7 When children are aware of the triggers for their attacks, 
developing alternative responses to those triggers can diminish the frequency of attacks. 
When attacks appear without apparent triggers, referral for pharmacologic treatment may 
be most eff ective.

Links for further information regarding the treatment of anxiety symptoms are provided 
in Tools for Practice at the end of this chapter.

Provide Resources
Helpful handouts and publications are included in Tools for Practice: Engaging Patient and 
Family at the end of this chapter. Provide the family with contact numbers and resources 
in case of emergency.

Table 6-4
Tips for Reward System

REWARD SYSTEMS 
FOR BRAVE BEHAVIOR  GUIDELINES FOR USE 

Small rewards Include positive feedback.

Star charts • Focus on only 1 or 2 behaviors at a time.
• Have 1 star chart per behavior.
•  Negotiate rules for the star chart (eg, sleeping in own bed for 1 night � 

1 star; 4 stars � trip to the pool).
• Ignore mistakes and failures; do not even mark them on the star chart.
• Continue awarding stars when they are earned.
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Monitor the Child’s Progress Toward Therapeutic Goals
Child care, preschool, or school reports can be helpful in monitoring progress. Screening 
instruments that gather information from multiple reporters (youth, parent, teacher), such 
as the SDQ, can be helpful in monitoring progress with symptoms and functioning.

It is important for the primary care physician to work with the family to understand 
that it is not uncommon for treatment to be successful for a period of time and then seem 
to lose eff ectiveness. Th is can happen when there are new stresses or demands, or when, 
after a period of success, there has been a letup on treatment. If troubleshooting existing 
treatment and ways of dealing with new stresses does not help get function back to baseline, 
new treatments or new diagnoses need to be considered. In particular, as school demands 
increase, learning issues may need to be considered even if they were not seen as contribut-
ing problems in the past.

Involve Specialist(s)
Involve specialist(s) if the child does not respond to initial interventions or if the following 
clinical circumstances exist:
• Child has severe functional impairments at school, at home, or with peers—for example, 

if anxiety threatens to interfere with academic progress or other developmentally impor-
tant goals.

• Multiple symptoms of anxiety occur in many domains of life (eg, fearful of new situa-
tions, reluctant to do things in public, trouble separating, worries a lot).

• Th e child or parent is very distressed by the symptom(s).
• Th ere are co-occurring behavior problems. (Th e combination of shyness, anxiety, and 

behavior problems is thought to be particularly risky for future behavior problems of a 
more serious nature.)

• Th e anxiety was preceded by serious trauma or symptoms suggesting PTSD.
• Th e child seems to have panic disorder or OCD, both of which require specialized 

treatment. 
• Th e anxiety occurs in a child with an autism spectrum disorder. Anxiety about both 

normal childhood issues (weather, animals), as well as the orderliness and predictability 
of daily routines, is relatively common among higher functioning children who display 
autism spectrum symptoms, including stereotyped interests and poor social perceptions 
and skills.
When specialty care is needed, ensure that it is evidence-informed and assist the family in 

accessing it. A variety of evidence-based and evidence-informed psychosocial interventions, 
and some pharmacologic interventions, are available for the treatment of anxiety disorders 
in children and adolescents. Ideally, those referred for care in the mental health specialty 
system would have access to the safest and most eff ective treatments. Table 6-5 provides a 
summary of these interventions. Youth referred for mental health specialty care complete 
the referral process only 61% of the time, and a signifi cantly smaller number persist in care.8 
Approaches to improving the referral process include making sure that the family is ready for 
this step in care, has some idea of what the specialty care will involve, and understands what 
the primary care physician’s ongoing role may be. If the specialty appointment is not likely 
to occur shortly, the physician can work with them on a plan to manage the problem as well 
as possible in the meantime.
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Note that not all evidence-based interventions may be available in every community. If 
a particular intervention is not available, this becomes an opportunity to collaborate with 
others in the community to advocate on behalf of children. Increasingly, states off er both 
telepsychiatry services and consultation/referral support “warmlines” that help physicians 
provide initial treatment and locate resources. Th e availability of the latter form of help is 
tracked at www.nncpap.org.

Reach agreement on respective roles in the child’s care. If the child is referred to mental 
health specialty care for an anxiety disorder, the physician may be responsible for initiating 
medication or adjusting doses; monitoring response to treatment; monitoring adverse eff ects; 
engaging and encouraging the child and family’s positive view of treatment; and coordinat-
ing care provided by parents, school, medical home, and specialists. In fact, the child may 
improve just knowing that the physician is involved and interested. Resources available to 
help clinicians in these roles are provided in Tools for Practice: Medical Decision Support. 

Table 6-5
Psychosocial and Psychopharmacologic Treatments 

for Anxiety (as of November 2014)a

PSYCHOSOCIAL TREATMENTS

CLUSTER AREA  LEVEL 1 (BEST SUPPORT)  LEVEL 2 (GOOD SUPPORT)

Anxious or 
avoidant 
behaviorsb

• Cognitive behavior therapy (CBT)
• CBT and medication
• CBT with parents (includes parent 

and child, focusing on the child’s 
concerns)

• Education
• Exposure
• Modeling

• Assertiveness training
• Attention
• CBT for child and parent (child and 

parent receive CBT separately, 
focusing on each of their concerns)

• Cultural storytelling
• Family psychoeducation
• Hypnosis
• Relaxation
• Stress inoculation

Traumatic 
stressb

• CBT
• CBT with parents (includes the 

parent as well as the child, focusing 
on the child’s concerns)

• Exposure
• Eye movement desensitization and 

reprocessing

US FOOD AND DRUG ADMINISTRATION–APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONSc

DIAGNOSTIC 
AREA 

PSYCHOPHARMACOLOGIC 
INTERVENTION

Anxiety 
disorders

Currently (as of November 2014), the only psychopharmacologic interventions ap-
proved by the US Food and Drug Administration are selective serotonin reuptake 
inhibitors (SSRIs) (sertraline, fl uvoxamine) and clomipramine for the treatment 
of obsessive-compulsive disorder (OCD). Currently, no psychopharmacologic 
interventions have been approved for other anxiety disorders, although a number 
of randomly controlled clinical trials suggest their effi cacy and safety. 

aFor AAP policy, please visit pediatrics.aappublications.org/site/aappolicy.
bExcerpted from PracticeWise Evidence-Based Child and Adolescent Psychosocial Interventions. 
Reprinted with permission from PracticeWise. For updates and an explanation of PracticeWise 
determination of evidence level, please visit www.aap.org/mentalhealth. 
cFor up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to 
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm.

http://www.aap.org/mentalhealth
http://www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm
http://www.nncpap.org
pediatrics.aappublications.org/site/aappolicy
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TOOLS FOR PRACTICE

Engaging Patient and Family
• How to Ease Your Child’s Separation Anxiety (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/ages-stages/toddler/Pages/Soothing-Your-Childs-
Separation-Anxiety.aspx)

• Tips for Parenting the Anxious Child (handout), American Academy of Pediatrics (www.
brightfutures.org/mentalhealth/pdf/families/mc/tips.pdf )

• Helping Your Anxious Child: A Step-by-Step Guide for Parents, 2nd ed (book), New 
Harbinger Publications

• Feelings Need Check-ups Too (toolkit), American Academy of Pediatrics (www.aap.org/
en-us/advocacy-and-policy/aap-health-initiatives/Children-and-Disasters/Pages/
Feelings-Need-Checkups-Too-Toolkit.aspx)

Medical Decision Support
• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.

org/psychiatry/services/psc_home.aspx)
• Strengths & Diffi  culties Questionnaires (screen), Youth in Mind, Ltd (www.sdqinfo.com)
• Spence Children’s Anxiety Scale (scale), Susan H. Spence, PhD (www.scaswebsite.com)
• Screen for Child Anxiety Related Disorders (screen), University of Pittsburgh (child 

version: www.psychiatry.pitt.edu/sites/default/fi les/Documents/assessments/SCARED
%20Child.pdf; parent version: www.psychiatry.pitt.edu/sites/default/fi les/Documents/
assessments/SCARED%20Parent.pdf )
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Chapter 7

Ataxia
Philip Overby, MD

Ataxia derives from the Greek—a (without), taxia (order) and means a “lack of order.” 
Broadly, ataxia encompasses disorders in which there is an absence of coordinated 
movements, often involving gait. Although ataxia can certainly be chronic, as a present-
ing symptom in pediatrics it is almost always acute. For the treating physician, the list of 
its potential causes can be daunting (see Box 7-1), in part because ataxia can be caused by 
dysfunction at any level of the motor system from brain to muscle. Diagnostically, the goal 
is to localize the ataxia to the level of dysfunction.

 EVALUATION
History
Practically, the initial approach to the child with acute ataxia should focus on the serious 
causes of ataxia. Once these have been excluded clinically, more common as well as treatable 
causes can be considered. Life-threatening conditions fall into 4 broad categories: infection 
or infl ammation, neoplasm, stroke, and ingestion. Although the initial history should be 
directed foremost at identifying serious causes of acute ataxia, in most cases, the causes 
of acute ataxia are self-limited and benign.1 One retrospective study of 40 pediatric cases 
found that 80% could be attributed to acute cerebellitis, toxic ingestion, and Guillain-
Barré syndrome (GBS).2 Note that although it certainly is a common cause of acute ataxia 
in children, ingestion in this discussion is included among the more serious causes because 
missing the diagnosis can be life threatening.

Th e history should explore evidence of recent or current infection: fever, rash, respira-
tory symptoms, or vomiting. Questions about possible toxic exposures in the home, such 
as medications, alcohol, or illicit drugs, are essential. Th e possibility of trauma, observed or 
unobserved, should be explored with all caregivers and children who might be aware of it.

Associated symptoms can further guide the history. Although acute cerebellitis is charac-
terized by preservation of alertness, a change in mental status is concerning and can signal 
a systemic process. Considerations include toxic ingestion, infection, or mechanical com-
pression of the brainstem by a tumor or abscess. Headaches, recurrent vomiting, visual loss 
or diplopia, and worsening of symptoms when supine can be signs of elevated intracranial 
pressure (ICP) from hydrocephalus in the setting of posterior fossa masses. It should be 
noted, however, that these fi ndings can be late or even intermittent, and their absence does 
not exclude elevated ICP.

Recent and abrupt onset of symptoms is more suggestive of a vascular, toxic, or infec-
tious cause. Tumors and immune-mediated processes are typically more subacute in their 
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progression. Th e exception is tumors that hemorrhage. If a patient with a known brain 
tumor has an acute change in mental status, or acute ataxia, he or she should be evaluated 
for hemorrhage acutely with a head CT. If hemorrhage is pre sent, neurosurgery should be 
contacted immediately. Prior similar episodes are suggestive of chronic conditions such as 
migraine, or even seizures. Recurrent episodes are also potentially suggestive of metabolic 
processes (see Box 7-2).3

Physical Examination
Life-threatening causes of acute ataxia typically originate in the central nervous system. Th ey 
tend to involve the posterior fossa or brainstem. In particular, symptoms are referable to 
3 sources: cranial nerves, the pyramidal tracts, and the cerebellum. Moreover, the involve-
ment of brainstem and cerebellar structures typically results in abnormalities both on history 
and physical examination. As such, a normal neurologic examination, carefully performed, 
is a pertinent negative.

Th e physical examination begins with vital signs. Fever suggests infection. Autonomic 
changes can be seen in the setting of acute stroke, elevated ICP, or peripheral processes such 
as GBS.4 Th e examination can be challenging because the child may be uncooperative. Given 
this, the examination should move from the least to the most invasive. General observations 
(Does the child appear ill or uncomfortable? Is she agitated or careful not to move?) are 

BOX 7-1

Causes of Acute Ataxia in Childhood 
Infectious/immune-mediated cerebellar 
disorders
• Acute cerebellar ataxiaa

• Acute demyelinating encephalomyelitisa

• Systemic infections
• Brainstem encephalitis
• Multiple sclerosis
Mass lesions
• Tumors
• Vascular lesions
• Abscesses
Hydrocephalus
Trauma
• Cerebellar contusion or hemorrhage
• Posterior fossa hematoma
• Postconcussion syndrome
• Vertebrobasilar dissection
Stroke
• Vertebrobasilar dissection or 

thromboembolism
• Cerebellar hemorrhage

Paraneoplastic disorders
• Opsoclonus-myoclonus syndrome
Sensory ataxia
• Guillain-Barré syndrome
• Miller-Fisher syndrome
Paretic ataxia
• Upper motoneuron
• Lesions of frontal lobe, corticospinal pathways
• Lower motoneuron
• Spinal cord: transverse myelitis, vascular 

lesions, cord compression
• Peripheral nerve: Guillain-Barré syndrome, 

Miller Fisher syndrome, tick paralysis 
Other neurologic disorders
• Inborn errors of metabolism (see Box 7-2)a

• Basilar migraine, benign paroxysmal vertigo
• Nonconvulsive seizures
• Central pontine myelinolysis
• Wernicke encephalopathy
Functional ataxia

aMost common.
From Ryan MM, Engle EC. Topical review: acute ataxia in childhood. J Child Neurol. 2003;18:309–316, with permission 
from SAGE Publications.
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valuable. Th e somatic examination should explore for evidence of meningismus: neck stiff ness 
as well as photophobia and discomfort with movement. Next, attention should be given to 
the child’s mental status. Behavioral changes, decreased alertness, inattention, or dysarthria 
can all be clues to elevated ICP, brainstem compression, or cranial neuropathies that may 
aff ect eye movements. If possible, fundi should be inspected for papilledema. Th e presence 
or absence of associated fi ndings to suggest elevated ICP, such as restriction of upward gaze 
or lateral eye movements, should also be noted.

Cerebellar hemisphere dysfunction is often associated with a wide-based gait. Attempts 
to stand with feet close together can result in swaying from side to side with eyes open or 
closed. Unilateral weakness or pyramidal tract dysfunction manifests as asymmetries in arm 
or leg use. Subtle gait diffi  culties can be elicited with tandem walking. Sensory ataxia can be 
elicited by asking the child to stand still with feet together and eyes closed, the “Romberg 
test,” which examines the dorsal columns. A positive test is one in which swaying or a frank 
fall occurs.

Differential Diagnosis—Serious Disorders

Acute Stroke
In the absence of trauma, hemorrhagic stroke (intracerebral hemorrhage, or ICH) in children 
most commonly results from an arteriovenous malformation (AVM). Emergent neurologic 

BOX 7-2

Causes of Episodic or Intermittent Ataxia in Childhood
Recurrence of acute cerebellar ataxiaa

Migraine or migraine equivalents
• Basilar migrainea

• Benign paroxysmal vertigo
• Benign paroxysmal torticollis of infancy
• Alternating hemiplegia of childhood
Metabolic disorders
• Mitochondrial disorders 

 Pyruvate decarboxylase defi ciency
 Pyruvate dehydrogenase defi ciency
 Leigh disease

• Amino acidopathies
 Maple syrup urine disease, intermittent 

form Hartnup disease
 �-Glutamylcysteine synthetase defi ciency

• Urea cycle disorders
 Carbamoyl phosphate synthetase type 1 

defi ciency
 Ornithine transcarbamylase defi ciency
 Citrullinemia
 Arginosuccinic aciduria

• Organic acidopathies 
 Holocarboxylase defi ciency
 Biotinidase defi ciency
 Isovaleric acidemia

• Carnitine acetyltransferase defi ciency
Recurrent genetic ataxias
• Episodic ataxia type 1 (paroxysmal ataxia 

with myokymia)
• Episodic ataxia type 2 (acetazolamide 

responsive)
• Episodic ataxia types 3 and 4
• Episodic ataxia with paroxysmal dystonia
• CAPOS syndrome (cerebellar ataxia, 

arefl exia, pes cavus, optic atrophy, 
sensorineural hearing loss)

Nonconvulsive seizures
Drug ingestiona

Paroxysmal tonic upgaze of childhood 
Cogan syndrome

aMost common.
From Ryan MM, Engle EC. Topical review: acute ataxia in childhood. J Child Neurol. 2003;18:309–316, with permission 
from SAGE Publications.
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and neurosurgical evaluation is critical. Associated symptoms of ICH include headache, 
seizure, or visual loss. Decompression of a posterior fossa hemorrhage can be life saving. 
Hemorrhagic stroke will be apparent on head computed tomography. Ischemic stroke 
of the posterior circulation is rare in children but can be seen in the setting of vertebral 
dissection—often from trauma.

Acute Disseminated Encephalomyelitis
Acute disseminated encephalomyelitis (ADEM) is an acute demyelinating event that 
is typically most severe at onset. It is an immune-mediated encephalitis often occur-
ring in the context of viral or postviral infections.5 Th e white matter of the brain and 
spinal cord are preferentially aff ected. Typically, ADEM follows a prodrome of fever, 
vomiting, headache, and malaise. Th e neurologic features are broad5: unilateral or bilat-
eral pyramidal signs (60%–95%), acute hemiplegia (76%), ataxia (18%–65%), cra-
nial nerve palsies (22%–45%), visual loss from optic neuritis (7%–23%), seizures 
(13%–35%), and spinal cord involvement (24%).6 Ultimate outcome does not seem to be 
aff ected by immunologic therapy, which can, however, hasten recovery.

Tumor
Childhood brain tumors occur most frequently in the posterior fossa. Th e most common tumors 
are medulloblastoma, brainstem glioma, ependymoma, and cystic astrocytoma. Th ere are 
3 potential areas of involvement: cranial nerves, pyramidal tracts, and the cerebellum. Although 
symptoms may be reported to have developed over the course of days, a careful history typically 
reveals subtle signs of weakness and coordination diffi  culties lasting weeks to months. Signs 
from obstruction of cerebrospinal fl uid (CSF) fl ow are common, and children younger than 
2 years typically present with increasing head circumference. In older children, symp-
toms such as headaches and ataxia are more common. Th e average time from symptom 
onset to diagnosis is 7 months.7 Although less common than brain tumors, spinal tumors 
can also present with ataxia. Depending on the spinal level, signs of weakness or sensory 
loss referable to the lower or upper extremities with preservation of refl exes will be present. 
In addition, paraneoplastic presentation of tumors (eg, opsoclonus–myoclonus syndrome) 
at times need to be considered in the diff erential diagnosis of ataxia.

Cerebellitis
Acute cerebellitis, also known as acute cerebellar ataxia, is a common, typically benign 
infectious or parainfectious phenomenon.8 It typically occurs in preschool- and school-aged 
children. Generally, the acute ataxia is most prominent on awakening and improves over the 
course of hours to days. Rarely, however, fulminant cerebellitis occurs. Unlike its more benign 
form, fulminant cerebellitis progresses from its onset to the development of encephalopathy, 
with hydrocephalus caused by obstruction of the fourth ventricle. Outcomes can be favorable 
with aggressive management.9

Trauma
Life-threatening conditions to consider in the setting of trauma are hemorrhagic stroke and 
ischemic stroke from vertebrobasilar artery dissection. In the absence of more diff use injury 



Ataxia 81

causing associated encephalopathy, it is unusual for trauma to present with isolated ataxia. 
Th e important exception to this rule is vertebral artery dissection, which represents 7% to 
20% of pediatric ischemic strokes.10 Th e vertebral arteries supply the posterior circulation. 
Presenting signs and symptoms are referable to the posterior fossa: ataxia, vertigo, vomiting, 
diplopia, and head and neck pain. Although these symptoms are common and nonspecifi c, 
88% of patients in a 2005 review had focal neurologic defi cits.9 Fifty percent of children in 
the same study had a history of trauma.

Toxic Ingestion
Ingestion of a toxin represents a major cause of ataxia in children, accounting for up to 32.5% 
of cases.2 Ingestion associated with ataxia includes antihistamines, alcohol, anticonvulsants 
(especially phenytoin and carbamazepine), piperazine, diphenylhydantoin, barbiturates, 
carbon monoxide, organic solvents, and bromides.11 Accidental ingestion occurs in young 
children. Adolescents can also present after ingestion in attempts to self-harm. Symptoms 
of ingestion can be nonspecifi c. Indeed, when symptoms do not fi t well into a clinical 
syndrome, ingestion should become a concern. When considering toxic ingestion, it is also 
important to evaluate for other evidence of metabolic aberrations, such as hypoglycemia, 
hyponatremia, and hyperammonemia.

Common Causes of Ataxia

Sensory or Motor Ataxia Caused by Guillain-Barré Syndrome
Studies of the incidence of GBS in children younger than 16 years old, most of which 
have been performed in Europe and North America, suggest rates between 0.4 and 
1.4 per 100,000.12 Although the typical presentation of symmetrical weakness is well 
known, an acute progressive ataxia is another presentation of GBS seen particularly in 
young children. Important early clues include distal paresthesias or numbness. Younger 
children may present with prominent symptoms of leg pain, agitation, or vomiting, 
and meningeal signs may be present on examination.4 Refl exes are depressed or absent. 
Lumbar puncture typically demonstrates dissociation between cells and protein, with 
elevated protein and borderline-to-normal WBC counts. Th e CSF may be normal on 
initial presentation.

Th ree disorders need to be considered in the setting of suspected GBS. First, transverse 
myelitis (TM) can also present with limb weakness, back pain, and depressed refl exes. 
Sustained sphincter dysfunction and a sensory level distinguish TM from GBS. Second, tick 
paralysis can also present with pure motor weakness and absent refl exes.13 Particularly in the 
late spring or summer if careful inspection reveals a tick, its removal is typically curative. 
Oculomotor paralysis can be a clue and can appear similar to the Miller Fisher variant of 
GBS, characterized by ataxia, oculomotor palsies, and absent deep tendon refl exes. Finally, 
brainstem encephalitis can also mimic the Miller Fisher variant of GBS.14

Acute Cerebellar Ataxia
Acute cerebellar ataxia (ACA) occurs most commonly in children younger than 5 years old 
but can occur at any age.15 It has been associated with a variety of infections but is usually 
the result of postinfectious demyelination rather than direct infection. Th e presentation is 
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characterized by maximal defi cits at onset, and often on awakening. Pancerebellar dysfunction 
can result in truncal ataxia, with the consequent inability to sit or stand without assistance. 
Head titubation, nystagmus, and dysmetria are sometimes present. Mental status is normal. 
Full recovery is typical but can take as long as 3 to 6 months.14 Th ere is no evidence that 
immune therapy such as steroids alters the outcome of ACA.

Migraine
Vertigo as the primary or sole manifestation of migraine occurs with very young children 
and teenaged girls.16 Children younger than 4 years can have the abrupt onset of unsteadi-
ness lasting seconds to minutes. More commonly, adolescents describe repeated bouts of 
isolated vertigo, or headache and vertigo. In both cases, there is usually a family history 
of migraine and a propensity to motion sickness in the context of a normal neurologic 
examination.

Labyrinthitis
Th e clinical symptoms of labyrinthitis are superfi cially similar to ACA: acute onset of ataxia 
and nystagmus. However, children with acute labyrinthitis generally appear more ill, have 
prominent vomiting, and hold themselves still to minimize exacerbation of symptoms. Th is 
condition frequently occurs in clusters of exposed individuals, most frequently in spring 
and early summer, supporting an infectious (likely viral) cause.17 In particular, the vestibular 
nerve is infl amed.

Laboratory Evaluation
A thorough history and physical examination often make laboratory testing unnecessary. 
At a minimum, however, urine toxicology should be considered. If there is a high clinical 
suspicion, blood and urine samples should be held with the intention of sending targeted 
analysis following consultation with poison control.2,11

Lumbar puncture should be considered in the setting of suspected infectious or infl am-
matory processes. Normal white blood cell count or a mild pleocytosis is typical in ACA. 
More signifi cant pleocytosis or low glucose raises the concern for bacterial meningitis 
or encephalitis, and an expanded evaluation for viral (especially herpes simplex virus) and 
bacterial causes is warranted.

Imaging
Imaging of the brain is indicated in the presence of a focal neurologic examination, or with 
the inability to perform a reliable neurologic examination in the presence of illness or seda-
tion. Imaging in the absence of these indications is low yield. Acutely, head CT is eff ective 
for evaluating for hemorrhage or hydrocephalus. However, magnetic resonance imaging of 
the brain both spares the child radiation and provides more sensitive visualization of the 
brain parenchyma. Additional studies with contrast are indicated if there is concern for 
infection and infl ammation or tumor. Imaging of the vasculature with magnetic resonance 
angiography or magnetic resonance venographyis useful when stroke is a consideration. 
Neurologic consultation should typically be obtained before ordering imaging to optimize 
the study, and before considering conventional cerebral angiography or computed tomo-
graphic angiography.
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 MANAGEMENT
Treatment Approach
Treatment is directed at the underlying diagnosis. Initial attention to vital signs in the ill child 
is crucial. Posterior fossa hemorrhage requires urgent neurosurgical consultation. Ischemic 
stroke requires neurologic consultation and admission to a pediatric critical care unit for 
further management. In the case of ADEM, immune modulating therapy such as steroids, 
intravenous immunoglobulin (IVIG), or plasma exchange (PLEX) can be considered: treat-
ment can hasten recovery, but does not appear to alter ultimate outcome.5 A 2004 study of 
vestibular neuritis in adults found that vestibular function was improved in patients treated 
with methylprednisolone but not valacyclovir.18

Infectious processes, such as cerebellar abscess or brainstem encephalitis, are treated initially 
with broad antimicrobial therapy (including ampicillin for Listeria in the case of brainstem 
encephalitis) as well as antiviral therapy (acyclovir for herpes simplex virus) until the causative 
agent is identifi ed. Brain tumors require neurologic, oncologic, and neurosurgical consultation.

GBS requires admission for monitoring of vital signs and respiratory function. Respiratory 
function can worsen from presentation, and initial monitoring in the PICU for 24 to 
48 hours should be considered. Treatment with IVIG or PLEX speeds recovery, and 
IVIG is favored because it is less invasive.19 IVIG should not be used in patients who are 
immunogloblin A defi cient.

Ongoing Care
Long-term treatment is not typically required for the common causes of pediatric acute 
ataxia. However, follow-up 2 to 4 weeks after discharge to monitor recovery is reasonable. 
Prognosis and management are linked to diagnosis. If persistent or permanent dysfunction 
results, physical therapy and adaptive devices should be coordinated. Aside from ingestion, 
few of the causes of ataxia are preventable. In most cases, the outcome is a good one.1,2 
In patients requiring admission, early recognition leading to early admission and treatment 
may improve outcomes.

TOOLS FOR PRACTICE

Medical Decision Support
• Intravenous Immunoglobulin for Gullain-Barré Syndrome (article), Cochrane Database of 

Systematic Reviews, Issue 16, Article No CD002063, 2010
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Chapter 8

Back Pain
Joel S. Brenner, MD, MPH; David V. Smith, MD

 DEFINITION
Th e back encompasses the region from the upper thoracic vertebra (T1) and shoulder 
girdle to the sacrum and surrounding musculature. Th e patient who complains of pain in 
this region may have diffi  culty localizing the source of the pain and describe it simply as 
deep pain, or the patient may localize pain to a specifi c muscle group or vertebral body. 
Allowing patients to defi ne in their own words the nature, location, and duration of the 
pain is an important fi rst step in arriving at a clinical diagnosis. If parents, coaches, or 
peers are available during the interview, they can be valuable to confi rm or elaborate on the 
patient’s symptoms. One should keep in mind that young children and adolescents may 
minimize pain out of imagined fears of diagnostic or therapeutic procedures. Functional 
disability such as interference with sports, play, or school may prompt more urgent diag-
nostic evaluation and treatment.

 EPIDEMIOLOGY
Population-based data on back pain in children are limited, and estimates of prevalence 
vary considerably depending on sample size and method used. At the least, most studies 
have consistently shown that the prevalence of back pain increases with age. In non-
clinical populations, the prevalence is less than 10% in preteens, progressing to nearly 
50% of 18- to 20-year-olds reporting at least one episode of low-back pain.1 Clearly, 
most people who experience such pain do not seek medical care. In preadolescent 
children, back pain is not only unusual but also likely to indicate serious underlying 
illness when severe or persistent enough to prompt a medical visit.2 One 6-year study 
in a tertiary orthopedic setting found that back pain constituted fewer than 2% of 
referrals in children ages 15 years or younger, but that roughly 50% of these children 
had serious underlying diseases.3 From early adolescence onward, back pain becomes 
more common as a presenting complaint but is more likely to be a benign condition 
related to acute injury or repetitive stress. Th e physician presented with a child or ado-
lescent complaining of back pain should use a careful history and physical examination 
to guide any further laboratory or radiologic evaluation. Overall, they should be aware of 
the relatively higher risk for serious underlying disease in younger children, even without 
specifi c physical fi ndings.
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 DIFFERENTIAL DIAGNOSIS
Infants
From infancy through the third or fourth year of life, the patient is not capable of localizing 
or complaining of pain in the back. Unexplained fever or toxicity, along with refusal to walk 
or stand, may be the presenting signs of diskitis.4,5 Other pathologies localized to the back 
to consider include leukemia, lymphoma, pyelonephritis, vaso-occlusive crisis, or vertebral 
osteomyelitis in a child who has sickle cell disease, or accidental or nonaccidental trauma.

Children
As children mature and become more capable of communicating and localizing symptoms, 
a specifi c history of the duration, quality, associated symptoms, and radiation of back pain 
becomes possible. Back pain before adolescence remains an uncommon presenting complaint 
and should prompt thorough evaluation. Only after a thorough diagnostic evaluation should 
the physician consider the diagnosis of muscular or ligamentous strain as a cause of back pain in 
younger children. Th e diff erential diagnosis of back pain in this age group is broad and includes 
acute leukemia, lymphoma, and primary vertebral tumors, such as Ewing sarcoma, aneurysmal 
bone cyst, benign osteoblastoma, and osteoid osteomas.4 Other etiologies include diskitis, 
an unusual if not rare condition that is most common in children younger than 10 years 
(mean age, about 6 years). Diskitis is an infl ammatory process presumed to be a bacterial 
infection in the intervertebral disk space. Vertebral osteomyelitis usually aff ects school-aged 
children and teenagers and presents as severe back pain and systemic symptoms. A family 
history of rheumatoid disease should prompt consideration of ankylosing spondylitis. In the 
presence of sickle cell disease, a vaso-occlusive crisis is a strong consideration. Back pain on 
walking may be the only sign of a tethered cord.4 An underlying leg-length discrepancy of 
any cause may result in chronic or recurrent low-back pain from musculoligamentous strain.

Adolescents
Classifying the causes of back pain in adolescents as acute or chronic is helpful (Table 8-1). 
In adolescent patients, a diagnostic consideration of acute back pain caused by muscular 
or ligamentous strain is reasonable. Other causes of acute back pain include lumbar disk 
disease, apophyseal ring fractures, vertebral osteomyelitis, epidural abscess, and sciatica 
caused by piriformis syndrome. Th e adolescent who has chronic pain (>3 weeks) may still 
have a strain, but stronger consideration should be given at this point to spondylolysis 
or spondylolisthesis, which are the most common identifi able causes of low-back pain in 
this age group.2 Th e most frequent cause of spondylolysis is a stress fracture of the pars 
interarticularis (posterior arch) of the spine, thought to be acquired through repetitive 
extension loading. Athletes who participate in gymnastics, dance, cheerleading, football, 
and diving are at highest risk. For example, ballet dancers, as a group, as well as football 
players (off ensive lineman), have great fl exibility but may be predisposed to lumbar lordosis 
by postural demands and relatively weak core musculature, possibly making them prone 
to spondylolysis and disk disease.6 Individuals with benign hypermobility syndromes may 
also be at risk. Less commonly, spondylolysis can be an asymptomatic congenital deformity. 
Spondylolisthesis is the anterior movement of one vertebral body on top of another, usually 
L5 on S1, as a result of bilateral spondylolysis.



Back Pain 87

Chronic low-back pain, especially in adolescent athletes or others who have cumulative 
trauma, may indicate lumbar disk disease. Other chronic causes of back pain in this age group 
include Scheuermann kyphosis, facet or vertebral dysfunction, sacroiliac dysfunction, spinal 
stenosis, the spondyloarthropathies (ie, ankylosing spondylitis, psoriatic arthritis, Reiter syn-
drome, arthritis of infl ammatory bowel disease that with the exception of psoriatic arthritis 
can be classifi ed as enthesitis-related juvenile idiopathic arthritis), and tumor or malignancy. 
Chronic back pain can also be a disorder of the soft tissues of the back, postulated to be 
caused by a combination of repetitive strain, genetic predisposition, and environmental fac-
tors. Assessing for discrepancy in leg lengths and for tight hamstrings is advisable because 
both alter the dynamic stress put on the muscles and ligaments of the low back. Modifi able 
contributing factors may include prolonged seated posture, forward bending of the spine while 
sitting at a desk for long periods, or carrying an excessively heavy backpack (>10%–20% of 
body weight).7-9

 PSYCHOSOCIAL CONSIDERATIONS
Although malingering or the use of pain symptoms for secondary gain may be relatively 
common in adults, it should not be a strong consideration in the diagnosis of back 
pain in children or adolescents. Back pain is not as common a somatoform symptom 
among adolescents as is headache, abdominal pain, or chest pain. If a thorough diag-
nostic evaluation of chronic back pain in an adolescent is unrevealing and the usual 
management involving exercise and stretching is not benefi cial, then a psychosocial or 
nonorganic cause should be considered. Th e Waddell test, a series of 5 questions, may 

 Table 8-1 
 Differential Diagnosis of Back Pain 

 INFANTS   CHILDREN  ADOLESCENTS

     Diskitis
     Leukemia, lymphoma
     Vaso-occlusive crisis
     Osteomyelitis
     Trauma

  Diskitis
  Tethered cord
  Osteomyelitis
  Ankylosing spondylitis
  Vaso-occlusive crisis
  Leukemia, lymphoma
  Ewing sarcoma
  Osteoid osteoma
  Spinal tuberculosis

 Acute
Muscle, ligament strain
Lumbar disk disease
Apophyseal ring fractures

 Sciatica
 Piriformis syndrome
 Osteomyelitis
 Epidural abscess
 Spinal tuberculosis
 Chronic
 Spondylolysis
 Spondylolisthesis
 Scheuermann kyphosis

Facet, vertebral dysfunction
 Sacroiliac dysfunction

Lumbar disk disease
 Spinal stenosis
 Spondyloarthropathy

Tumor or malignancy
Soft tissue strain

 Functional (nonorganic)
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be used to help determine whether signifi cant psychological stress is associated with 
chronic low-back pain.10

If 3 or more of the following 5 criteria are present, then the test is considered positive:
1. Inappropriate tenderness that is superfi cial or widespread
2. Pain on pressing the top of the head or on passive rotation of shoulders and pelvis
3. Distraction signs such as inconsistent performance between straight-leg raising in the 

seated and the supine positions
4. Strength and sensory loss patterns that do not fi t with accepted neuroanatomy
5. Overreaction during the physical examination10

 EVALUATION
Infants, Children, and Adolescents
Th e age of the patient is a critical factor in the diagnostic evaluation, with the extent and urgency 
of evaluation usually being greater for preadolescent patients.11,12 Th e duration of symptoms 
is an additional factor because chronic pain, even in adolescent patients, is uncommon and 
may indicate structural or serious underlying disease. Th e evaluation of acute or chronic 
back pain should always include motor, sensory, and refl ex examination to help diff erentiate 
any nerve root involvement (Figure 8-1).

Chronic pain should prompt a diagnostic evaluation possibly to include rectal examina-
tion for sphincter tone loss, radiographs of the spine (anteroposterior, lateral, and oblique 
views), uric acid, lactate dehydrogenase, white blood count, sedimentation rate, C-reactive 
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  Figure 8-1
 Sensory, motor, refl ex grid. ( From Lewis RC . Primary Care Orthopedics.  New York: Churchill Livingstone; 
1988, with permission from Elsevier.)         
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protein, and urinalysis and urine culture. Infants, young children, or adolescents who have 
fever and back pain must be considered as having an infectious, infl ammatory, or neoplastic 
process until proved otherwise. Diagnoses that should be considered include diskitis, verte-
bral osteomyelitis, ankylosing spondylitis, pyelonephritis, vaso-occlusive crisis in a patient 
who has sickle cell anemia, acute lymphoblastic leukemia, Ewing sarcoma, and Hodgkin 
lymphoma.4,11 Spinal tuberculosis (Pott disease) is rare but should be considered when back 
pain is accompanied by low-grade fever.12

A child with diskitis is typically uncomfortable in an upright posture, may refuse to 
walk, or may have pain when bending forward. Even in the absence of fever, a child 
who refuses to walk, particularly a preschooler, should be evaluated promptly for diski-
tis. Typically, diskitis is associated with an elevated erythrocyte sedimentation rate and a 
high white blood cell count; plain radiographs of the spine may show narrowing of the 
disk space. In a recent review, 76% of children with diskitis had changes evident on 
plain radiographs; however, plain radiographs are often negative in the fi rst 2 to 3 weeks 
of the disease. If a second imaging test is needed, magnetic resonance imaging (MRI) is 
generally thought to be sensitive in identifying diskitis.4,5

Weight loss, bone pain in other locations, bruising, organomegaly, or adenopathy 
should prompt aggressive diagnostic evaluation for malignancies such as leukemia, 
lymphoma, or sarcomas. Especially in the presence of fever or other systemic signs 
and symptoms, acute leukemia and lymphoma are serious concerns and must be ruled out.

A child with nocturnal back pain, even if relieved by nonprescription analgesics, should 
be evaluated for osteoid osteoma or osteoblastoma with a bone scan if plain radiographs 
are normal.2,4 Primary vertebral tumors almost always are visible on plain radiographs, but 
computed tomography (CT) or MRI may be needed.

Fever accompanied by back pain should prompt an aggressive diagnostic evaluation 
and orthopedic surgery consultation because aspiration and culture to evaluate for 
possible vertebral osteomyelitis should be considered.2 Dysuria, urinary urgency, or urinary 
frequency, especially if accompanied by fever, warrants consideration of pyelonephritis.

Idiopathic scoliosis usually does not cause back pain in children.12 Scoliosis with pain 
should raise concern about an alternative cause, including malignancy in the region of the 
spine or a benign osteoid osteoma.

Adolescents
Muscular or ligamentous strain begins to become common during adolescence. Th e typical 
presentation is low-back pain of 3 weeks’ or less duration, with or without recollection of 
an acute injury, that is exacerbated by postural changes or specifi c movements. Associated 
signs and symptoms such as neurologic defi cits of the lower extremities; limited straight-leg 
raising; sciatic pain; bowel, bladder, or sexual dysfunction; fever; weight loss; adenopathy; 
urinary urgency or frequency; scoliosis; or marfanoid habitus should be absent.3 Th e pain is 
exacerbated by lifting, stooping, and exercising. Radiologic studies are not needed if muscular 
or ligamentous strain is thought to exist. However, very localized tenderness in the spine after 
an injury (eg, motor vehicle crash, athletic trauma) warrants radiologic evaluation for com-
pression fracture.4 Plain radiographs (anteroposterior and lateral) should be ordered initially.

Low-back pain associated with excessive lordotic curvature, especially in an athlete sub-
jected to repetitive extension loading (eg, gymnasts, football linemen), may indicate spondy-
lolysis or spondylolisthesis. Spondylolysis may be unilateral or bilateral and is most common 
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at L5. Symptoms of spondylolysis are not usually acute; it more commonly exhibits as a 
gradual worsening of back pain on extension, usually in an athlete during the growth spurt 
or after intense training. Pain can be reproduced reliably by having the patient hyperextend 
the back while standing on one leg (the stork test) (Figure 8-2).2 Th e sensitivity of the stork 
test is modest, however, and a negative stork test should not be relied on to rule out an active 
spondylolysis.15 Th e patient usually has no pain with fl exion, rotation, or lateral bending of 
the back. Hamstring tightness is a common associated fi nding.14 Plain radiographs of the 
lumbar spine should be ordered (anteroposterior, lateral, oblique views). Th e Scotty dog with 
a collar is visualized on the oblique radiographs (Figure 8-3). Normal plain radiographs alone 
do not rule out spondylolysis. One study reported that oblique views detected only 32% of 
spondylolyses detected on CT.16 A single-photon emission computed tomography (SPECT) 
scan should be ordered if the diagnosis is highly suggested. A positive plain radiograph with 
a negative SPECT scan is indicative of a nonmetabolically active spondylolysis that may not 
be the cause of the patient’s back pain. Back pain on extension with normal plain radiographs 
and SPECT scan is usually from facet or vertebral dysfunction.

Spondylolisthesis may be accompanied on physical examination not only by excess lum-
bar lordosis but also by the sensation of a shelf at the base of the lordotic curvature, where 
the lower of the 2 aff ected vertebrae has held its position while the upper vertebral body 

  Figure 8-2
 One-leg hyperextension test (stork test).
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slipped forward. Th e anterior slippage is diagnosed and staged for treatment purposes on 
the lateral plain radiographs. In rare cases, radiographs will reveal congenital absence of a 
lumbosacral articular process.17

Accompanying neurologic symptoms, including radicular pain down the leg, numbness 
or tingling, bowel or bladder problems, erectile dysfunction, or loss of sphincter tone on 
rectal examination, may indicate lumbar disk herniation or other nerve compression and 
should prompt an urgent evaluation and referral.4,11 Symptoms are typically worsened by 
mechanical strain, as with lifting or coughing.4 A positive straight-leg raise test or a slump 
test (Figure 8-4) is highly suggestive of nerve root compression.14 Using cervical fl exion to 
accentuate the patient’s symptoms during straight-leg raising may add to the test’s sensitiv-
ity. Any reproduction of the patient’s usual symptoms during testing before 60 degrees of 
hip fl exion, or marked asymmetry in symptoms, should be considered a positive test.18,19 
Pain after 60 degrees or limited to the posterior thigh is more likely caused by hamstring 
tightness.

A spondyloarthropathy should be suspected when there is limited lumbar fl exion (modi-
fi ed Schober test), tenderness at entheses (particularly the Achilles-calcaneal enthesis, the 
origin or insertion of the plantar fascia, or the base of the fi fth metatarsal), pain in the 
sacroiliac (SI) area with flexion-abduction and external rotation (an abnormal FABER test), 
or tenderness over the SI joints. MRI with gadolinium of the SI joints and ultrasonography 
of the entheses can confi rm local infl ammation. Th e presence of HLA-B27 antigen is not 
diagnostic because it is present in 10% to 30% of individuals of European ancestry.

Scheuermann disease, or butterfl yer’s back, typically exhibits in an adolescent, particularly 
a competitive swimmer, with thoracic back pain after exercise or late in the day. Patients have 
rigid thoracic kyphosis on examination and pain worsened by forward fl exion.2,4,20 It must 

Superior articular process
(ear of Scotty dog)

Transverse process (nose)

Pedicle (eye)

Defect at pars interarticularis
(collar or broken neck)

Interior articular process (foot)

  Figure 8-3
 Scotty dog with a collar.  (From Smith JA, Hu SS. Management of spondylolysis and spondylolisthesis in 
the pediatric and adolescent population.  Orthop Clin North Am.  1999;30(3):487–499, ix, with permission 
from Elsevier.)          
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be diff erentiated from postural kyphosis, which is commonly seen in adolescents. Postural 
kyphosis is a fl exible kyphosis that disappears on forward fl exion and conscious postural 
straightening. Scheuermann disease is confi rmed by anterior wedging of 5 degrees or greater 
in 3 or more contiguous vertebrae shown on lateral plain spine radiographs.20 Oblique 
radiographs also should be obtained because spondylolysis is associated with Scheuermann 
disease.21

Stigmata of Marfan syndrome include joint hyperextensibility, pectus excavatum, pes 
planus, dislocated lenses, hernias, arachnodactyly, and scoliosis. Th e scoliosis may result 
from a dural ectasia or widening of the subarachnoid space in the lumbar area, which has 
been associated with low-back pain in adolescents and young adults.22 Patients who have 
Marfan syndrome are also at increased risk for spondylolysis.12

 MANAGEMENT
Pain that is acute and lasting fewer than 3 weeks, especially with a history of musculoskeletal 
injury, may be managed expectantly in many cases, whereas more chronic pain in a child or 
adolescent demands further investigation.11,12 When back pain results from an underlying 
disorder, treatment of the pain itself should be undertaken in addition to treatment of the 
primary condition.

  Figure 8-4
 Slump test. (From Reider B.  The Orthopedic Physical Examination.  Philadelphia, PA: WB Saunders; 1999, 
with permission.)          
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Infants
Treatment for diskitis is variable, depending on its cause. Most experts recommend par-
enteral followed by oral antibiotic administration, if evidence of bacterial infection exists, 
and relative rest to promote pain control.23,24 Staphylococcal infection is the most common 
cause of vertebral osteomyelitis and should be treated with antibiotics, rest, and a prompt 
orthopedic surgery consultation.2

Children
Treatment for diskitis and osteomyelitis in children is the same as that for infants. 
Management of patients with ankylosing spondylitis is best coordinated by a pediatric 
rheumatologist, who will often use anti-infl ammatory medications with physical and occu-
pational therapy. Treatment of vaso-occlusive crisis entails pain management, hydration, 
and physical therapy. Leukemia, lymphoma, and Ewing sarcoma should be managed by a 
pediatric oncologist. Pain from osteoid osteoma is typically relieved with nonsteroidal anti-
infl ammatory agents, and patients should be referred to a pediatric orthopedic surgeon for 
possible excision or ablation.26,27

Adolescents
When the adolescent exhibits back pain acutely after an injury that is thought to be a mus-
cular or ligamentous strain, the PRICEMMMS mnemonic (protection, relative rest, ice, 
compression, elevation, medication, motion, modalities, strength) should be used. Bed rest, 
which has been shown to delay recovery, should be discouraged.28 Continuous-frequency 
ultrasound and massage are often helpful. Pain-free activity may be resumed gradually, and 
low-back and hamstring fl exibility, as well as the strengthening of the core musculature 
(abdominal area, hip, and back) with an exercise ball, Yoga, or Pilates exercises, should be 
emphasized.

Evidence indicates that full sit-ups with the feet fi xed and the knees bent, by using hip 
fl exors rather than abdominal muscles, increase intervertebral disk pressure and should be 
discouraged. Th e goal of abdominal muscle strengthening is to reduce pelvic tilt and its 
accompanying tendency toward lordosis and low-back strain. Because decreased strength 
and endurance of spinal extensor muscles is associated with low-back pain, extensor exercises 
such as raising the torso and head off  the fl oor or exercise ball while lying prone are recom-
mended. Th ese same exercises, and stretching after warming the muscles by gentle exercise or 
moist heat, are recommended for chronic low-back pain of muscular origin. Proper posture 
should also be taught, and backpack weights should not exceed 10% to 20% of the person’s 
body weight.7-9 Acupuncture may be a useful adjunct for chronic back pain. If a leg-length 
discrepancy is discovered, a heel lift as well as physical therapy to reduce any accompanying 
fl exion contractures at the knee and hip and genu valgus could be of benefi t.

Th e treatment of spondylolysis is controversial and may best be managed by a pediatric 
sports medicine specialist or orthopedic surgeon. All regimens include the initial cessation 
of extension-loading activities while providing symptomatic relief and physical therapy 
that promotes abdominal strengthening and hamstring stretching (the Williams program). 
Th oracolumbar bracing to prevent extension has been shown to be helpful in some studies; 
however, others showed no diff erence in outcomes with or without the use of a brace.29 
Some experts advocate restricting extension activities without a brace.30-32 When bracing is 
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implemented, it can be used for up to 6 months or until the patient is pain free with exten-
sion. Bone stimulators have been used as adjunctive therapy.33

Treatment of the spondyloparthropathic conditions involves anti-infl ammatory and 
immunomodulatory therapies along with physical therapy, and the patient should be referred 
to a pediatric rheumatologist. Treatment for Scheuermann disease is usually conservative, 
including physical therapy with strengthening and stretching exercises, avoiding painful 
activities, and analgesic medication if needed.20 Th oracolumbar bracing and surgery may be 
indicated if kyphosis is more than 60 degrees.2,20 Patients should be referred to an orthopedic 
surgeon (pediatric or spinal) for failure of conservative management, intractable pain, or 
progression of the kyphotic deformity.

Referral to a mental health professional may not be necessary for functional or nonor-
ganic back pain. If the family has a high degree of trust with the physician, then a sensitive 
evaluation of family and social factors may be an eff ective fi rst step. In these cases, the physi-
cian should not assume that the pain is feigned but rather consider it as a very real physical 
symptom rooted in psychological or emotional distress. At the very least, chronic pain and 
its accompanying disability can, of itself, lead to psychological distress, which should be 
addressed openly by the physician.

When to Refer

• Abnormality of posture or gait
• Neurologic fi ndings
• Persistent pain in a preteen
• Pain unrelated to activity or on awakening from sleep
• Functional disability (decreased play or sports activity)
• Diagnosis and evaluation are outside of the primary care physician’s scope of expertise

When to Admit

• Whenever a prompt and thorough outpatient diagnostic assessment cannot be com-
pleted for a child who has back pain and associated fever or neurologic fi ndings

TOOLS FOR PRACTICE

Engaging Patient and Family
• Backpack Safety (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/safety-prevention/at-play/Pages/Backpack-Safety.aspx)
• Sports Shorts: Lower Back Pain in Athletes (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/
Pages/Lower-Back-Pain-in-Athletes.aspx)

Medical Decision Support
• Care of the Young Athlete, 2nd ed (book), American Academy of Pediatrics (shop.

aap.org)
• Essentials of Musculoskeletal Care, 3rd ed (book), American Academy of Orthopaedic 

Surgeons and American Academy of Pediatrics (shop.aap.org)

http://www.healthychildren.org/English/safety-prevention/at-play/Pages/Backpack-Safety.aspx
http://www.healthychildren.org/English/safety-prevention/at-play/Pages/Backpack-Safety.aspx
http://www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Lower-Back-Pain-in-Athletes.aspx
http://www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Lower-Back-Pain-in-Athletes.aspx
http://shop.aap.org/
http://shop.aap.org/
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American Academy of Pediatrics Committee on Psychosocial Aspects of Child and Family Health, Task Force 
on Pain in Infants, Children, and Adolescents. Th e assessment and management of acute pain in infants, chil-
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Chapter 9

Cardiac Arrhythmias
J. Peter Harris, MD

Arrhythmias in young people are common and may occur as a result of normal rhythm 
variations, premature beats, atrial or ventricular tachyarrhythmias, or conduction defects. 
Th ey can occur at any age, and their clinical implications range from benign to lethal. 
Newer diagnostic modalities such as event recorders to capture infrequent episodes 
have enhanced our ability to detect arrhythmias. Empirical therapy without arrhythmia 
identifi cation does not meet the current standard of practice. A 12-lead electrocardiogram 
(ECG) should always be obtained when an arrhythmia is suspected, because electro-
physiologic alterations may be quite subtle and not always identifi ed on a rhythm strip. 
A thorough family history is required, with particular emphasis on sudden and premature 
death, syncope, seizures, and recurrent arrhythmias.

Infants with arrhythmias may have nonspecifi c signs and symptoms such as fatigue, 
malaise, poor feeding, nausea, and pallor. Older children tend to exhibit more specifi c 
symptoms such as palpitations (the disquieting awareness of the person’s own heartbeat), 
lightheadedness, syncope, visceral chest pain, and dyspnea.

Premature beats and supraventricular tachyarrhythmias in infancy may be noted inci-
dentally on a visit for other reasons, but, more commonly, infants with supraventricular 
tachycardia (SVT) present with signs and symptoms of congestive heart failure: tachypnea, 
dyspnea, truncal diaphoresis, diminished pulses, pallor, hepatomegaly, and poor feeding. 
Older children and adolescents are able to verbalize discomfort, including palpitations, 
chest pain, dyspnea, and nausea, with various forms of SVT. Ventricular tachyarrhythmias 
often compromise cardiac output to a greater degree than SVT and have more overt signs of 
congestive failure, chest pain, syncope, dyspnea, and palpitations. Myocardial dysfunction 
is usually related to increased oxygen demand owing to the tachycardia, inadequate time 
for ventricular fi lling, ischemia from insuffi  cient time for diastolic coronary perfusion, and 
loss of atrioventricular synchrony. Infants and children with moderate or severe bradycardia 
from advanced second-degree and complete heart block also display signs and symptoms of 
inadequate cardiac output, including fatigue, reduced exercise capacity, pallor, presyncope, 
and syncope.

 APPROACH TO ARRHYTHMIAS
As a part of the systematic approach to ECG interpretation, the cardiac rhythm should be 
analyzed in an organized fashion. Th e answers to the following 4 questions will defi ne most 
arrhythmias:
1. Is the rhythm fast or slow?
2. Is the rhythm regular or irregular?
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3. Are the QRS complexes narrow or wide?
4. What is the relationship between the P waves and the QRS complexes?

 NORMAL RHYTHM VARIATIONS
Recognizing normal rhythm variations allays patient and parental anxiety and avoids unnec-
essary investigations and interventions. For instance, sinus arrhythmia (phasic respiratory 
variations of sinus rate with inspiratory acceleration and expiratory slowing) is common 
in childhood; so too is wandering atrial pacemaker, usually noted with slower heart rates 
and characterized by diff erent P-wave morphologies. Th ese rhythm variations are related to 
alterations in vagal tone.

A wide range of heart rates is present in the young. Sinus tachycardia has been 
documented at rates of 230 to 250 beats per minute during infancy, but a rate in excess of 
200 beats per minute in a teenager who is not involved in maximal exertion would be 
abnormal. Sinus bradycardia is a sinus rate below what is expected for a patient’s age. 
A sinus rate below 100 beats per minute in an awake neonate would be abnormal, but dur-
ing sleep, rates down to 80 beats per minute are commonly observed on ECG monitoring. 
Brief dips into the 60- to 80-beats-per-minute range are also observed in sleeping neonates 
during normal, vagally induced episodes of junctional rhythm that arise from either the 
atrioventricular node or the bundle of His and that are characterized by a narrow QRS 
without a preceding P wave. A highly conditioned adolescent endurance athlete may have 
a resting heart rate of 40 beats per minute or less. Table 9-1 provides guidelines for the 
diagnosis of sinus bradycardia on the surface ECG and during ambulatory monitoring.

 PREMATURE BEATS
Premature beats are common, but usually benign, arrhythmias and may arise in the atria, 
the atrioventricular junction, or the ventricles. By defi nition, premature beats are early and 

Table 9-1
Bradycardia by Age and State

AGE HEART RATE

SURFACE ELECTROCARDIOGRAM

Neonates and infants �100 beat/min, awake

Children to 3 years �100 beats/min

Children 3–9 years �60 beats/min

Adolescents 9–16 years �50 beats/min

Adolescents �16 years �40 beats/min

AMBULATORY (HOLTER) MONITORING

Neonates and infants �60 beats/min, sleeping; 80 beats/min, awake, quiet

Children 2–6 years �60 beats/min

Children 7–11 years �45 beats/min

Adolescents �11 years �40 beats/min

Athletes �30 beats/min
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thus are distinguished from escape or late beats occurring when higher pacemaker cells fail 
to produce an impulse at the expected interval. Two premature beats in a row constitute a 
couplet. If every second or third beat is a premature impulse, then a bigeminal or trigeminal 
rhythm is present.

Atrial Premature Contractions
Atrial premature contractions (APCs) are characterized by premature P waves with an axis 
and morphology that are diff erent from the sinus P waves. If an APC occurs when one of 
the bundle branches is refractory, then the premature beat will be conducted down the other 
bundle branch, resulting in an aberrant APC with a QRS morphology wider and diff erent 
from sinus QRS complexes (Figure 9-1). If both bundle branches are refractory, then the 
APC will not be conducted to the ventricles (blocked APC) but may reset the sinus node 
with a resultant pause greater than the previous RR interval. If every other beat is a blocked 
APC (blocked atrial bigeminy) in a newborn infant who is dependent on an adequate heart 
rate for normal cardiac output, then slowing of the heart rate suffi  cient to alter feeding and 
arousal time may be present. T waves are usually smoothly inscribed, and consistent sharp 
defl ections in the T waves may represent P waves (Figure 9-2). APCs usually occur with 
normally conducted QRS complexes; but if wide beats are also noted, then the apparently 
prolonged QRS beats are likely to be aberrant APCs because premature atrial and ventricular 
contractions rarely occur together, especially in the newborn period.

Th e incidence of APCs is 50% to 75% in children on Holter monitoring. Most are 
benign and require no therapy; however, there are occasional associations with myocarditis, 
atrial stretch, sympathomimetic or other stimulant drugs, intracardiac catheters, and elec-
trolyte disturbances. Th ey are most often without an obvious incitant and are usually not 
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Figure 9–1
Atrial premature contractions (arrows) with normal and aberrated conduction.

Figure 9–2
Every other beat is a blocked atrial premature contraction (blocked atrial bigeminy) represented by a 
consistent sharp defl ection in the T waves.
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recognized by the child or adolescent. If suppressive therapy is required, then either digoxin 
or propranolol is suitable.

Premature Ventricular Contractions
Premature ventricular contractions (PVCs) are less common than APCs but may be present 
on Holter monitoring in up to 25% of healthy infants, children, and adolescents. PVCs are 
characterized by a QRS morphology that is diff erent from sinus QRS beats, occur before the 
next expected sinus beat, and are not preceded by a premature P wave. Th e QRS duration 
may be only slightly prolonged. Uniform PVCs have similar morphology to one another, 
and multiform PVCs have diverse morphology. Th e designations unifocal and multifocal are 
no longer used, because the form of PVCs is now known not to correlate reliably with focus 
of origin. If a PVC occurs late, at the beginning of the next expected sinus beat, then it will 
produce a hybrid or fusion beat derived, in part, from the normal conduction pathways 
and, in part, from the PVC. Fusion beats have a morphology that is intermediate between 
the sinus QRS and PVC.

Although most PVCs are observed in healthy children and adolescents, PVCs can occur 
in patients with underlying heart disease, such as myocarditis, hypertrophic and dilated 
cardiomyopathies, and ventricular dysfunction in congenital cardiac malformations. Th e 
new appearance of PVCs in the setting of a febrile illness should raise the question of 
myocarditis. Other causes include sympathomimetic and street stimulant drugs, electrolyte 
imbalances, and intraventricular catheters. A 12-lead ECG should always be obtained to 
assess the premature beat morphology and to look for chamber enlargement but also to 
calculate the corrected QT interval.

QTc
QT interval (seconds)

Preceding RR inter
=

vval (seconds)

PVCs are considered benign if no evidence of heart disease exists, the QTc is normal 
(�0.44 second), the family history is not adverse (no sudden premature deaths or cardiac 
arrests, important arrhythmias, or cardiomyopathies), and the PVCs are uniform in appear-
ance and are either suppressed or not aggravated with exercise. Conversely, the presence of 
any of these risk factors should prompt referral for further investigation. Because underlying 
heart disease may be subtle, an echocardiogram to assess cardiac structure and function is 
usually obtained in referred patients.

Benign PVCs do not require treatment or curtailment of exercise, even if a bigeminal 
rhythm is present. However, if frequent benign PVCs persist, then cardiology surveillance 
should be arranged to detect the unusual situation of arrhythmia-induced ventricular dila-
tion or dysfunction, especially if the ectopy burden constitutes more than 5% of the total 
beats on a 24-hour ambulatory electrocardiogram.1 PVCs that are not clearly benign require 
the expertise of a pediatric cardiologist to determine whether there is a need for therapy. 
Ventricular couplets are assessed in the same manner, but triplets represent ventricular tachy-
cardia and are discussed later in this chapter.

 SUPRAVENTRICULAR TACHYCARDIA
Supraventricular tachycardia (SVT) is common in the young, aff ecting as many as 1 in 
250 children. More than 90% of pediatric SVT is reentrant in nature, involving 2 distinct 
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atrioventricular pathways with diff ering conduction characteristics and unidirectional block 
in one pathway. An APC may initiate SVT by entering the unblocked pathway, activating 
the ventricle, and then re-entering the atrium retrograde through the blocked pathway, 
completing the re-entrant circuit. Most re-entrant SVT in infants and children results from 
an accessory pathway, but the incidence of atrioventricular nodal reentry increases during 
adolescence with further development of the atrioventricular node. Wolff -Parkinson-White 
(WPW) syndrome is present if the ECG demonstrates prograde conduction through the 
accessory pathway in sinus rhythm as a short PR interval, delta wave, and wide QRS. Th e 
prevalence of WPW syndrome in the general population is 0.15%, but in many aff ected 
individuals, no SVT occurs. Patients with asymptomatic WPW syndrome carry a small 
(0.05%–0.5% per year) but defi nite risk for sudden death related to rapid antegrade conduc-
tion down the accessory pathway if atrial fi brillation occurs (see Figure 9-3).

WPW syndrome (with tachycardia) may be inherited in an autosomal-dominant fashion, 
and for these individuals the risk for sudden death is substantially increased. Automatic atrial 
tachycardias account for less than 10% of SVTs in children and tend to be incessant with a 
variable rate dependent on autonomic tone.

About 50% of patients with SVT present with tachycardia during the fi rst 4 months of 
life, and 60% of this group will have recurrences, particularly if WPW syndrome is present. 
Although potentially still inducible at an electrophysiologic study, more than 90% will be free 
of clinical episodes of tachycardia at 1 year of age. However, as many as one-third of children 
who have a history of SVT in early infancy and clinical resolution by 1 year of age may have 
a recurrence at a mean age of 8 years. SVT presenting for the fi rst time in a child 5 years or 
older implies a likelihood of recurrent episodes of tachycardia as high as 75% to 80%.2 SVT 
is usually initiated by an APC or sinus tachycardia in early infancy, but in childhood and 
adolescence, PVCs and sinus pauses with junctional escape beats are additional initiators. 
Most children with SVT have a structurally normal heart, but if WPW syndrome is present, 
there is a somewhat higher incidence of cardiac defects such as hypertrophic cardiomyopathy, 
Ebstein malformation, or levotransposition of the great vessels.

 PRESENTATION OF SVT
During infancy, SVT may be detected incidentally on a routine examination; more com-
monly, however, young infants exhibit varying degrees of congestive heart failure related 
to the rate and duration of tachycardia and the presence of associated heart disease. As a 
general rule, 25% of infants develop congestive heart failure after tachycardia for 24 hours, 
and 50% have heart failure after SVT for 48 hours. Often, a history of poor feeding and 

Figure 9–3
Antegrade conduction over an accessory pathway during atrial fi brillation in a 15-year-old boy with 
syncope. The short RR intervals represent rapid conduction over the accessory connection and a risk 
for ventricular fi brillation.
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pallor over several days is present, culminating in respiratory distress. Children older than 
5 years are usually able to communicate their distress soon after the onset of SVT—hence 
the relative rarity of congestive heart failure caused by SVT in older children. Th e duration 
of SVT in children and adolescents ranges from a few seconds to several hours. Palpitations 
are the only symptom in some children; others have lightheadedness, chest discomfort, pallor, 
diaphoresis, and nausea. SVT-induced syncope is rare. In infancy, the heart rate with SVT 
may range from 230 to 300 beats per minute but is usually between 260 and 280 beats per 
minute, in contrast to older patients who typically have rates between 180 and 240 beats 
per minute. Th e QRS complexes are usually narrow but may be transiently wide at initiation 
as a consequence of aberrancy (Figure 9-4). A 12-lead ECG may reveal sharp defl ections in 
the T waves, representing retrograde conduction from the ventricles to the atria through an 
accessory pathway (Figure 9-5).

 MANAGEMENT OF SVT
If cardiogenic shock is present with SVT, then direct current synchronized cardioversion 
should be performed; otherwise, adenosine can be administered through an intravenous 
bolus of 100 mcg/kg, followed by a second doubled dose if the fi rst dose is ineff ective. 
Adenosine always should be administered with ECG monitoring to detect the rare conver-
sion to a more malignant arrhythmia. If adenosine is ineff ective, or if SVT quickly recurs, 
cardiology consultation is advised. In this circumstance, an infusion of procainamide can 
be administered to infants and young children after appropriate loading, with a subsequent 

Figure 9–4
Transient aberrant conduction at the onset of supraventricular tachycardia during an exercise test in a 
14-year-old adolescent. The QRS duration then returns to normal.
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repeat trial of adenosine. Alternatively, amiodarone (5 mg/kg) may be administered intra-
venously over 20 to 60 minutes, followed by a repeat bolus if conversion is not achieved 
with the fi rst dose. In general, in children younger than 1 year, intravenous verapamil and 
propranolol are contraindicated.

After conversion to a sinus rhythm is achieved, a 12-lead ECG should be repeated to 
look for evidence of pre-excitation. If WPW syndrome is present, suppressive therapy with 
propranolol is appropriate. Digoxin and verapamil should be avoided in children with 
WPW because either medication may shorten the antegrade refractory period of the acces-
sory pathway, allowing more rapid conduction to the ventricles, a potentially fatal scenario 
if atrial fi brillation develops. If pre-excitation is not present, either digoxin or propranolol 
has been used with success to prevent recurrences. Many cardiologists currently avoid the 
use of digoxin because of concerns about unproven effi  cacy and its potential for toxic-
ity. Beta blockers are not universally eff ective either and may aggravate congestive heart 
failure, sick sinus syndrome, or bronchospasm. Other possible medical therapies include 
fl ecainide, sotalol, or amiodarone, all of which require hospitalization for drug initiation 
because of possible proarrhythmic eff ect. Infants who have SVT are usually treated for 6 to 
12 months and then observed in view of the risk for later recurrence. Because of the higher 
risk for complications, including the prospect that the resultant myocardial scar may grow 
with the patient and become a subsequent nidus for malignant and often drug-refractory 
arrhythmias, ablations are not commonly recommended in the fi rst 2 years of life. If surgery 
for a cardiac defect is contemplated and episodes of SVT have occurred, then preoperative 
assessment and ablation should be considered to reduce arrhythmia-related postoperative 
morbidity and mortality.

Figure 9–5
Twelve-lead electrocardiogram (ECG) of supraventricular tachycardia in a 2-week-old infant. Consistent 
sharp defl ections in the T waves are present in lead III, indicating retrograde atrial activation via an acces-
sory pathway. A repeat ECG after conversion to sinus rhythm did not reveal any pre-excitation; therefore, 
a concealed accessory pathway is present. Note also the ST depression in the lateral precordial leads, 
indicating an element of myocardial ischemia.
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Depending on the frequency and ease of conversion of episodes, older children and 
adolescents have 3 therapeutic choices:
1. No therapy other than self-conversion through a supine Valsalva maneuver or 

headstand
2. Drug therapy, although the duration, adherence issues, and cost of this approach need 

to be addressed with the family
3. Radiofrequency ablation, currently at least 90% successful but with a chance of a later 

recurrence
Automatic ectopic tachycardias in childhood are often incessant and relatively drug resistant, 
with the eventual possible outcome of a tachycardia-induced cardiomyopathy if conversion 
is not achieved. However, spontaneous resolution may occur, especially in patients younger 
than 3 years.3

 ATRIAL FLUTTER
Atrial fl utter, a primary atrial re-entrant tachycardia, is seen in a bimodal distribution in 
newborns and in older children, the latter usually with cardiomyopathies and after repair of 
complex congenital heart malformations.

In the newborn, the characteristic rapid sawtooth pattern with inverted P waves in the 
inferior limb leads is found with an atrial rate typically between 350 and 500 beats per 
minute and variable, commonly 2:1, atrioventricular block, resulting in a mean ventricular 
rate typically about 200 beats per minute.4 If the onset is in utero, then hydrops fetalis may 
develop. After birth, congestive heart failure tends to be less severe than in SVT. Structural 
cardiac problems are uncommon. Spontaneous conversion may occur within a few hours of 
birth. Although most require electrical cardioversion, chronic pharmacotherapy is usually 
unnecessary because recurrences are rare.

Although the typical form of atrial fl utter may be seen in older children and adoles-
cents, more common in this age group is a diff erent variety called intra-atrial re-entrant 
tachycardia (IART), characterized by a slower atrial rate and distinct P waves separated 
by isoelectric periods. IART is usually seen after repair of complex congenital cardiac 
lesions (Figure 9-6).5 Management is often difficult, but if conversion to and 
maintenance of a sinus rhythm cannot be achieved, morbidity is substantial, with a 4- to 
5-fold increase in the risk for sudden death.6 If an inappropriately rapid heart rate of 
100 to 140 beats per minute is noted in an older child after repair of congenital heart 
defect, a 12-lead ECG should be obtained to look for IART, even if the surgical repair 
is in the remote past.

 ATRIAL FIBRILLATION
Atrial fi brillation, an irregular tachycardia with variable atrioventricular conduction, is much 
less common than the other forms of SVT and is seen in older patients with structural 
heart disease, cardiomyopathies, and alcohol binges. However, the incidence of idiopathic 
and paroxysmal atrial fi brillation in adolescence may be underestimated. If pre-excitation 
(WPW syndrome) is present and the accessory pathway is capable of rapid antegrade con-
duction, atrial fi brillation may conduct quickly to the ventricles, with a resultant decrease 
in cardiac output, syncope, and the potential for ventricular fi brillation and sudden death 
(see Figure 9-3).
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 VENTRICULAR TACHYCARDIA
Ventricular tachycardia (VT) is defi ned as 3 or more repetitive excitations arising from the 
ventricles with a rate more than 120 beats per minute or 25% faster than the sinus rate. Th e 
QRS complexes are diff erent from the sinus QRS complexes and are typically wide, except 
in young infants in whom minimal QRS prolongation (0.08–0.09 second) may be seen. 
VT may be extremely rapid, up to 500 beats per minute, and slightly irregular because of 
intermittent sinus capture beats. Th e diff erential diagnosis includes SVT with persistent 
aberrancy (see Figure 9-4) and SVT with antegrade conduction across an accessory pathway 
(see Figure 9-3), both of which are relatively uncommon. Safety dictates that all wide 
QRS tachycardias be considered VT until proved otherwise. Th e presence of similar but 
isolated PVCs and fusion beats in sinus rhythm assists in establishing the diagnosis, but 
VT is confi rmed by the presence of atrioventricular dissociation (Figure 9-7).

VT in the newborn and young infant is rare, and when it is drug resistant and incessant, 
a ventricular tumor may be present. Mitochondrial fatty acid �-oxidation disorders can 
also cause VT in neonates.7 Predisposing factors in older children and adolescents include 
myocarditis, repaired and unrepaired congenital cardiac lesions, cardiomyopathies, long 
QT syndrome, catecholamine- or exercise-induced VT, marked electrolyte imbalances, 
and use of street drugs (eg, cocaine). In general, VT is a marker for myocardial disease.8

Acute management depends on the patient’s clinical status, which is determined by 
the rate and duration of VT and the presence of structural cardiac lesions or prior myo-
cardial dysfunction. Hemodynamic compromise dictates electrical cardioversion with 
1 to 2 watt-seconds/kg. If reasonable clinical stability is present, then intravenous 
amiodarone, procainamide, magnesium, or lidocaine can be administered.

Figure 9–6
Intra-atrial re-entry tachycardia before and immediately after adenosine treatment in a 12-year-old boy 
after a Mustard repair of transposition of the great arteries in infancy. Adenosine produces high-grade 
AV block revealing but not converting the underlying IART.
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Chronic suppressive therapy is predicated on the risk for recurrence, the morbidity and 
mortality of the type of VT, and the risk-to-benefi t ratio of treatment. Beta blockers, sotalol, 
and amiodarone are commonly used to prevent VT recurrences. Other treatments include 
implantation of an automatic cardioverter-defi brillator and VT ablation. In contrast to classic 
VT, accelerated ventricular rhythm is characterized by a rate of 120 beats per minute, or less 
than 25% faster than the basic sinus rate. Accelerated ventricular rhythm is benign when it 
occurs in an otherwise normal heart.

 CONDUCTION ABNORMALITIES
First-degree atrioventricular block is a prolongation of the PR interval beyond the upper 
limit of normal for age, with all impulses conducted. It may be seen in patients who have 
congenital cardiac malformations (especially atrioventricular septal defects), electrolyte dis-
orders, rheumatic fever, myocarditis, and congenital muscular disorders. Patients receiving 
antiarrhythmic agents frequently exhibit fi rst-degree atrioventricular block, which is usually 
benign in most settings.

Mobitz type I second-degree atrioventricular block, also known as Wenckebach block, 
is a progressive prolongation of the PR interval until a dropped ventricular beat (non-
conducted P wave) occurs. It is a normal fi nding in healthy children during sleep and in 
highly conditioned athletes at rest, circumstances that are associated with a predominance 
of vagal tone. In general, this entity, when it occurs without exertional symptoms or 
syncope, is benign.

On the other hand, Mobitz type II second-degree atrioventricular block is characterized 
by intermittent loss of atrioventricular conduction without preceding lengthening of the 
PR interval. Because the site of Mobitz type II block is more distally located in the bundle 
of His (in contrast to type I, in which the site of block is in the atrioventricular node), there 
is greater risk for progression to complete atrioventricular block. Th e presence of type II 
block implies an abnormal conduction system with greater risk for associated symptoms and 
threatening complications, so referral to a cardiologist is appropriate for ongoing medical 
surveillance and evaluation for potential pacemaker implantation.

Complete atrioventricular block (CAVB), in which no atrial impulses are conducted to 
the ventricles, occurs in 1 of 10,000 to 20,000 live-born infants and may be acquired or 
congenital. Acquired block is usually a consequence of conduction system injury at the time 
of repair of congenital cardiac malformations but can also be seen in myocarditis, includ-
ing Lyme disease, and with ingestion of beta blockers, clonidine, opioids, and sedatives. 
About 50% of newborns who have complete congenital atrioventricular block (CCAVB) 

Figure 9–7
Ventricular tachycardia: wide QRS tachycardia with atrioventricular dissociation.
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have underlying complex congenital heart malformations, particularly levotransposition of 
the great vessels and complex atrioventricular septal defects. Even with permanent pacing, 
the mortality rate of CCAVB in the setting of structural heart disease is high (�75%). Th e 
other 50% of neonates with CCAVB have immune-mediated block associated with the 
passage in utero of immunoglobulin G SS-A/Ro and SS-B/La antibodies from the mother 
who has overt or occult autoimmune disease. When the fetus is exposed to these maternal 
antibodies, particularly to high levels (�100 U/mL) of maternal anti-Ro antibodies between 
15 and 24 weeks of gestation, there may be fi brotic replacement of atrioventricular nodal 
tissue with consequent second-degree block or CAVB (Figure 9-8).9 Fewer than 5% of 
infants born to mothers who have autoimmune disease develop CCAVB.10 Infants without 
CCAVB born to anti-Ro/SS-A–positive mothers with autoimmune disease may have QT 
prolongation and sinus bradycardia.11 If a mother bears a child who has CCAVB, the risk 
in future pregnancies is 15%.12 An immune-mediated myocarditis may also occur in fetuses 
exposed to maternal anti-Ro and anti-La antibodies, with possible development of a postnatal 
dilated cardiomyopathy (endocardial fi broelastosis).

Risk factors for fetal, neonatal, or late death with CCAVB include fetal hydrops, prema-
ture birth, the presence of complex structural heart disease, a prolonged QT interval seen in 
up to 25% of aff ected patients, congestive heart failure, ventricular ectopy, atrioventricular 
valve insuffi  ciency, and a low or decreasing ventricular rate (55 beats per minute or less in 
a neonate).13 In view of the risk for mortality, early pacemaker implantation is advised if 
any of these risk factors or signs of an inadequate cardiac output is present. An infusion 
of isoproterenol can be administered, if necessary, to increase the heart rate while await-
ing pacemaker therapy but should not delay implantation. In patients who do not require 
pacemaker implantation in early infancy, pacing usually becomes necessary in adolescence.

 SUDDEN CARDIAC DEATH
Sudden cardiac death, a rare but devastating event in the young, strikes approximately 1 in 
100,000 children and teenagers, with the highest incidence in mid-adolescence. In decreas-
ing order of frequency, predisposing factors include the following:
1. Repaired complex congenital heart malformations
2. Cardiomyopathies
3. Myocarditis

Figure 9–8
Complete congenital atrioventricular block in a newborn infant whose mother has Sjögren syndrome. The 
atrial rate is 150 beat/min, and the ventricular rate is 60 beats/min. The QRS duration is normal.
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4. Congenital coronary artery anomalies (especially origin of the left main coronary artery 
from the right sinus of Valsalva)

5. Primary arrhythmias such as long QT syndrome (LQTS), WPW syndrome, and catechol-
amine-sensitive polymorphic VT
LQTS is a familial, clinically and genetically heterogeneous ion channel cardiac dis-

order that prolongs repolarization and may cause syncope, seizures, and sudden death 
as a consequence of polymorphic VT (torsades de pointes). Th e autosomal-dominant 
Romano-Ward subcategory, which accounts for 95% of patients with LQTS, is related 
to a heterozygotic mutation on chromosomes 11, 7, 3, 4, or 21. Th e remaining 5% are 
characterized by homozygotic mutations on chromosome 11 leading to the autosomal-
recessive Jervell and Lange-Nielsen (JLN) syndrome, which is characterized by marked 
prolongation of the corrected QT intervals and congenital deafness.14 Patients with JLN 
syndrome have a greater degree of QTc prolongation and a substantially higher incidence 
of sudden death compared with patients with the much more common Romano-Ward 
variant.15 Potassium-channel function is aff ected by mutations on chromosomes 11, 7, 
4, and 21, whereas the sodium channel is perturbed as a consequence of mutations on 
chromosome 3.

Th e incidence of LQTS is estimated at 1 in 2,500 individuals, with no gender predisposi-
tion, but the incidence may be underestimated because of incomplete genetic ascertainment. 
Th e annual mortality rate after onset of symptoms in untreated young patients is 1% to 5%, 
with a nearly 10% risk for sudden death as the initial symptom. Th e cumulative probability 
of a cardiac event (predominantly syncope) occurring in patients who are genotyped LQT1, 
2, and 3 by 15 years of age ranges between 10% for patients with LQT3 and 69% for those 
with LQT1.16 LQTS has been identifi ed as a rare cause of the sudden infant death syndrome. 
Th e highest risk for sudden death occurs in patients with a history of syncope and a QTc of 
more than 500 milliseconds.17 Syncope, atypical seizures, or cardiac arrest usually occur during 
exertion or emotional stress, except for long QT3 subtype events, in which symptoms pre-
dominantly occur at rest. Other than bradycardia, the physical examination is usually normal. 
LQTS is defi ned by a corrected QT interval in excess of 460 milliseconds, with a borderline 
QTc defi ned by an interval of 440 to 460 milliseconds. In general, the longer the QTc, the 
greater the risk for polymorphic VT. Th e diff erential diagnosis of QTc prolongation also 
includes electrolyte abnormalities such as hypokalemia, hypocalcemia, and hypomagnesemia. 
Myocardial ischemia or injury, acute central nervous system events, and cardiomyopathies 
may be associated with mild QTc prolongation. Cisapride, imipramine, pentamidine, and 
intravenous erythromycin may also prolong the QT interval. Management of LQTS includes 
beta-blocker therapy, restriction from competitive sports, avoidance of sympathomimetics 
and drugs capable of prolonging the QTc, and avoidance and rapid correction of electrolyte 
abnormalities. More invasive management is often necessary, including pacing, left stellate 
ganglionectomy, and implantation of an internal cardiac defi brillator. Gene-specifi c therapy 
with potassium channel opening agents and sodium channel blockers is on the horizon.

Beyond infancy, 25% of sudden cardiac deaths in the young occur during exercise; 
most occurrences are electrical in nature, with ventricular fi brillation as the fi nal common 
pathway. Athletic risk may be stratifi ed by asking 2 critical questions in pre-sports clearance 
evaluations: (1) Has the patient ever passed out, had visceral chest pain, or experienced 
symptomatic palpitations during strenuous exercise? (2) Has any family member died sud-
denly and unexpectedly before the age of 35 years? An affi  rmative answer to either question 
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should prompt a referral to a cardiologist before participation in competitive sports. For 
any child or adolescent who collapses suddenly with no discernible cardiac output, rapid 
resuscitation including early defi brillation is mandated. Automatic external defi brillators 
that are available in some school systems have already begun to decrease the incidence of 
sudden cardiac death in the young.

When to Refer

• Arrhythmias associated with presyncope, syncope, chest pain, or a sense of doom
• Arrhythmias associated with repaired or unrepaired congenital heart disease or cardio-

myopathies
• Family history of premature (�35 years) sudden cardiac death
• Persistent or repetitive bradycardias or tachycardias
• Premature ventricular beats that increase with exercise
• Asymptomatic WPW syndrome

When to Admit

• Arrhythmias associated with congestive heart failure, syncope, or low cardiac output
• Symptomatic high-grade atrioventricular block
• Diffi  cult-to-control SVT, atrial fl utter
• VT
• Heart disease with syncope, aborted sudden death

TOOLS FOR PRACTICE

Engaging Patient and Family
• Irregular Heartbeat (Arrhythmia) (fact sheet), American Academy of Pediatrics

(www.healthychildren.org/English/health-issues/conditions/heart/Pages/Irregular-
Heartbeat-Arrhythmia.aspx)

• Sudden Cardiac Death (fact sheet), American Academy of Pediatrics (www.healthychildren.
org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Sudden-
Cardiac-Death.aspx)

Medical Decision Support
• Preparticipation Physical Evaluation, 4th ed (book), American Academy of Pediatrics

(shop.aap.org)
• Preparticipation Physical Evaluation Forms (questionnaire), American Academy of

Pediatrics (shop.aap.org)
• Watch, Learn and Live (Arrhythmias) (interactive media), American Heart Association

(watchlearnlive.heart.org/CVML_Player.php?moduleSelect�arrhyt)

AAP POLICY STATEMENTS

American Academy of Pediatrics, American Heart Association, American College of Cardiology 
Foundation. ACC/AHA/AAP recommendations for training in pediatric cardiology. Pediatrics. 2005;
116(6):1574–1575. Reaffi  rmed December 2008 (pediatrics.aappublications.org/content/116/6/1574.full)

American Academy of Pediatrics Committee on Sports Medicine and Fitness. Medical conditions aff ecting 
sports participation. Pediatrics. 2008;121:841–848. Reaffi  rmed May 2011 (pediatrics.aappublications.org/
content/121/4/841.full)

http://www.healthychildren.org/English/health-issues/conditions/heart/Pages/Irregular-Heartbeat-Arrhythmia.aspx
http://www.healthychildren.org/English/health-issues/conditions/heart/Pages/Irregular-Heartbeat-Arrhythmia.aspx
http://www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Sudden-Cardiac-Death.aspx
http://www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Sudden-Cardiac-Death.aspx
http://www.healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/Sudden-Cardiac-Death.aspx
http://shop.aap.org/
http://shop.aap.org/
pediatrics.aappublications.org/content/116/6/1574.full
pediatrics.aappublications.org/content/121/4/841.full
watchlearnlive.heart.org/CVML_Player.php?moduleSelect=arrhyt


Signs and Symptoms in Pediatrics110

American Academy of Pediatrics Section on Cardiology and Cardiac Surgery. Guidelines for pediatric car-
diovascular centers. Pediatrics. 2002;109(3):544–549. Reaffi  rmed October 2007 (pediatrics.aappublications.
org/content/109/3/544.full)

REFERENCES
1. Yarlagadda RK, Iwai S, Stein KM, et al. Reversal of cardiomyopathy in patients with repetitive 

monomorphic ventricular ectopy originating from the right ventricular outfl ow tract. Circulation. 
2005;112(8):1092–1097

2. Perry JC, Garson A. Supraventricular tachycardia due to Wolff -Parkinson-White syndrome in children: 
early disappearance and late recurrence. J Am Coll Cardiol. 1990;16(5):1215–1220

3. Salerno JC, Kertesz NJ, Friedman RA, Fenrich AL Jr. Clinical course of atrial ectopic tachycardia is 
age-dependent: results and treatment in children �3 or �3 years of age. J Am Coll Cardiol. 
2004;43(3):438–444

4. Texter KM, Kertesz NJ, Friedman RA, Fenrich AL Jr. Atrial fl utter in infants. J Am Coll Cardiol. 
2006;48(5):1040–1046

5. Cecchin F, Johnsrude CL, Perry JC, Friedman RA. Eff ect of age and surgical technique on symptomatic 
arrhythmias after the Fontan procedure. Am J Cardiol. 1995;76(5):386–391

6. Garson A, Bink-Boelkens M, Hesslein PS, et al. Atrial fl utter in the young: a collaborative study 
of 380 cases. J Am Coll Cardiol. 1985;6(4):871–878

7. Bonnet D, Martin D, De Lonlay P, et al. Arrhythmias and conduction defects as presenting symptoms 
of fatty acid oxidation disorders in children. Circulation. 1999;100(22):2248–2253

8. Alexander ME, Berul CI. Ventricular arrhythmias: when to worry. Pediatr Cardiol. 2000;21(6):532–541
9. Jaeggi E, Laskin C, Hamilton R, Knigdom J, Silverman E. Th e importance of the level of maternal 

anti-Ro/SSA antibodies as a prognostic marker of the development of cardiac neonatal lupus ery-
thematosus a prospective study of 186 antibody-exposed fetuses and infants. J Am Coll Cardiol. 
2010;55(24):2778–2284

10. Brucato A, Frassi M, Franceschini F, et al. Risk of congenital complete heart block in newborns of 
mothers with anti-Ro/SSA antibodies detected by counterimmunoelectrophoresis: a prospective 
study of 100 women. Arthritis Rheum. 2001;44(8):1832–1835

11. Cimaz R, Stramba-Badiale M, Brucato A, et al. QT interval prolongation in asymptomatic 
anti-SSA/Ro-positive infants without congenital heart block. Arthritis Rheum. 2000;43(5):
1049–1053

12. Buyon JP, Hiebert R, Copel J, et al. Autoimmune-associated congenital heart block: demographics, 
mortality, morbidity and recurrence rates obtained from a national neonatal registry. Am J Cardiol. 
1998;31(7):1658–1666

13. Lopes LM, Tavares GM, Damiano AP, et al. Perinatal outcome of fetal atrioventricular block. Circulation. 
2008;118(12):1268–1275

14. Weintraub RG, Gow RM, Wilkinson JL. Th e congenital long QT syndromes in childhood. J Am Coll 
Cardiol. 1990;16(3):674–680
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Chapter 10

Chest Pain 
Scott A. Schroeder, MD

Although chest pain from cardiac disease in children is extremely rare, few symptoms result 
in more fear and anxiety in children and their parents. Undiagnosed cardiac disease causes 
chest pain in less than 5% of patients, and if children with preexisting heart disease are 
excluded, then cardiac abnormalities are found in less than 1% of patients. Although chest 
pain from cardiac disease occurs in a few children, much of the pediatrician’s evaluation and 
teaching will be focused on convincing families that the heart is normal. If the care of a child 
with chest pain is managed inappropriately, then grief, anxiety, restriction of activities, and 
distrust by the family may result. However, a thorough history and physical examination 
will usually uncover the cause of the chest pain and will almost always allow the physician 
to state emphatically that the chest pain in this case is certainly not from heart disease.

 DIFFERENTIAL DIAGNOSIS
Of children and adolescents with chest pain, by far the largest number have musculoskel-
etal chest wall trauma or other conditions identifi ed as the source of the pain. Pulmonary 
diseases—pneumonia, asthma, pneumothorax, and cough itself—account for approxi-
mately one-fi fth of cases, and the rest are the result of hyperventilation or psychiatric 
causes, gastrointestinal disorders, and, fi nally, cardiac disease.1-6 Approximately 15% of 
cases remain idiopathic. However, most studies on the causes of chest pain in children 
originate in pediatric emergency departments and pediatric cardiology clinics, and there-
fore these studies have not rigorously looked for the presence of esophageal disorders or 
reactive airway disease, both of which have been shown to be common in children with 
idiopathic chest pain.7-9

 PATHOPHYSIOLOGIC FEATURES OF CHEST PAIN
Because numerous organ systems are within the thorax, and because of the confusing overlap 
of sensory inputs from the various tissues in the chest, a systematic approach to the thorax 
is essential to determine the source of the child’s pain. Pain from the chest wall and the sup-
porting musculoskeletal structures is transmitted from these infl amed or irritated tissues to 
the central nervous system through the primary sensory aff erents that terminate in the dorsal 
root ganglia. Spinal neurons then transmit the sensation from the infl amed chest wall tissues 
to the brain, where it is perceived as a sharp, localized pain. Th is feature is why chest wall pain 
(eg, from costochondritis or trauma) is sharp, localized, and easily reproduced on palpation.

Spinal neurons that receive input from the organs within the thorax also receive sensory 
input from the thoracic dermatomes. Th is overlap of sensory input leads to the phenomenon 
of referred pain, which often makes the evaluation of chest pain challenging. Diff use, poorly 
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localized chest pain can originate from any of the organs within the thorax. Infl ammation 
of the structures that pass through the mediastinum results in pain over dermatomes T1 to 
T4, from the retroclavicular to the retrosternal regions. Pain over dermatomes T5 to T8, 
especially in the xiphoid area, suggests lower chest wall or diaphragmatic irritation or even 
intra-abdominal disease. Because both the intercostal nerves and the phrenic nerve innervate 
the diaphragm, peripheral diaphragmatic irritation causes pain in the lower anterior chest or 
epigastric regions, and central diaphragmatic infl ammation results in ipsilateral shoulder pain 
because of its innervation by the phrenic nerve. Th e pericardium, positioned on the central 
diaphragm, has pleural connections and is innervated by the phrenic, vagus, and recurrent 
laryngeal nerves. Th erefore, when the pericardium is infl amed or infected, sharp substernal 
pain can occur. Th e pain of pericarditis may be limited to the sternal and precordial areas; 
however, if the left lobe of the diaphragm is irritated, then pain will be referred to the ipsilat-
eral shoulder or neck. Pleural pain results from distention or infl ammation of the pleura that 
can occur during the course of pneumonia, pneumothorax, or empyema. Pain from pleural 
infl ammation is aggravated by respiratory movements. Th e pain is characterized as well 
localized and sharp, exaggerated by coughing or deep inspiration. Th e pain associated with 
a pneumothorax can be pleuritic in nature, or it can be referred to the ipsilateral shoulder. 
Pleurodynia is a specifi c cause of pleuritic chest pain heralded by fever and associated with 
coxsackievirus B; an idea of its intensity comes from its apt nickname as “the devil’s grip.”

Th e pain associated with esophageal disorders can seem indistinguishable from that associ-
ated with myocardial ischemia because the sensory aff erents from the esophagus are through 
the cardiac and esophageal plexi as well as the sympathetic trunk. Within the lungs, sensory 
input exists only from the larger airways and parietal pleura; thus, the pain arising from pulmo-
nary parenchymal disease results from infl ammation of or traction on contiguous structures.

 EVALUATION
History
Because pathognomonic fi ndings are rare on physical examination in the evaluation of a child 
with chest pain, a detailed history will help focus the diff erential diagnosis, develop a logical 
intervention, and allow the child and family to voice their concerns. A meticulous history 
should address the nature of the pain as well as the child’s response to the pain. If possible, 
children should describe the pain in their own words, and they should be asked what they 
think is causing the pain. Along with a description of the location, duration, radiation, and 
quality of the pain, the pediatrician should elicit any associated signs and symptoms, as well 
as any aggravating and alleviating factors, and attempt to uncover the family history and 
dynamics. To many adolescents, chest pain is synonymous with heart disease; therefore, this 
issue should be addressed, and if no cardiac cause is discovered, then the physician should 
unequivocally state to the adolescent and the family that the heart is normal.

Pain that occurs with exercise points toward either a cardiac or a respiratory cause. If the 
pain awakens the child from sleep, then the cause might be respiratory, cardiac, musculosk-
eletal, or gastroesophageal, but it is never psychological. When the pain is poorly localized or 
is associated with recurrent somatic complaints or family or school stress, and when a family 
history of chest pain can be found, a psychogenic source of the pain is likely. Conversely, 
deep, poorly localized pain that radiates to the neck or shoulders is characteristic of visceral 
pain. Superfi cial sharp pain that is exacerbated by lifting or movements of the torso suggests 
musculoskeletal pain.
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Peripheral pain that increases with inspiratory eff orts originates from pleural infl am-
mation. Questions regarding trauma to the chest wall should always be asked, and even if 
the trauma occurred 1 to 3 months before the pain, it should not be discounted because 
the pain might represent a posttraumatic pericardial eff usion. Sharp pain that decreases 
when the child leans forward is characteristic of pericardial infl ammation. Children with 
a family history of Marfan or Turner syndromes, as well as those with a history of 
Kawasaki disease or congenital heart disease, warrant referral to a pediatric cardiologist.

Even if the history is highly suggestive of the cause for the chest pain, the pediatrician 
should be careful and thorough because the potential exists for 2 diff erent causes of the pain. 
Children with asthma can also have gastroesophageal refl ux. Children with sickle cell disease 
who develop acute chest syndrome may have chest pain as a result of medication-induced 
gastritis, vaso-occlusive crisis, or asthma.

Laboratory Evaluation
Laboratory tests are usually not helpful in establishing a specifi c diagnosis; therefore, a 
thorough history and physical examination should guide the physician in ordering tests. In 
most cases, chest radiographs and electrocardiographs will only confi rm what is suspected 
clinically. If a child has a fever, acute onset of chest pain, and an abnormal cardiac examina-
tion suggestive of pericarditis, then a chest radiograph and electrocardiogram are indicated. 
If a child has fever, tachypnea, chest pain, and decreased breath sounds over a segment of 
the lungs, then a chest radiograph is appropriate to determine whether a pneumothorax, 
a pneumonia, a pleural eff usion, or other pulmonary disease is present. If the pain occurs 
with exercise, then exercise testing or spirometry may help uncover underlying asthma or 
exercise-induced bronchospasm. One cause of idiopathic chest pain may be an esophageal 
disorder.7 Signs and symptoms of children with chest pain who warrant hospitalization or 
specialty evaluation are listed in Box 10-1.

BOX 10-1

Signs and Symptoms Th at Accompany Chest Pain 
and Warrant Referral or Hospitalization
SIGNS

• Syncope
• Fevers, chills, weight loss, malaise, anorexia
• History of Kawasaki disease, Turner 

syndrome, Marfan syndrome, sickle cell 
disease, or cystic fi brosis

• Recent elective abortion, calf pain, oral 
contraceptive use

• Family history of hypertrophic obstructive 
cardiomyopathy or unexplained syncope

• Pica
• Foreign body aspiration
• Conversion disorder

SYMPTOMS

• Cyanosis, toxic appearance, or 
respiratory distress

• Murmur that increases with Valsalva 
maneuver

• Pleural or pericardial friction rub
• Pulsus paradoxus
• Cardiac clicks, thrills, gallop, or third 

heart sound
• Chest pain with exercise
• Palpitation or tachycardia
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 SPECIFIC CAUSES OF CHEST PAIN IN CHILDREN
Musculoskeletal and Chest Wall Conditions
After a determination has been made that the child is in no distress, inspection of the thorax 
will determine the presence of bruising, swelling over joints, splinting, signs of trauma, or 
an abnormal breathing pattern. Palpation and percussion are extremely important to local-
ize and reproduce the pain because disturbances in the chest wall are the most common 
diagnoses in children with chest pain. Each rib cartilage should be palpated with only one 
fi nger or with the child’s fi nger because palpation with 2 or more digits may cause splint-
ing and will not recreate the pain. Reproduction of point tenderness at the origin of the 
spontaneous pain is the strongest evidence favoring the diagnosis of chest wall disease. Pain 
from the thoracic cage that can be elicited by movements of the torso or by fl exion of the 
arms is highly suggestive of a musculoskeletal chest wall injury. Th e pain of costochondritis 
causes tenderness over the aff ected costochondral or costosternal junctions and can occur at 
rest or with movement. Adolescents with gynecomastia or breast pain may experience chest 
pain that is easily discernible on inspection and palpation of the developing breast tissue. 
No laboratory testing is needed if any of the these conditions is identifi ed as a cause of the 
chest pain. Table 10-1 lists common, uncommon, and rare causes of chest pain and their 
associated signs and symptoms.

Pulmonary Conditions
Children with asthma may have chest pain from excessive coughing and overuse of their 
intercostal muscles. Having pain alone as a manifestation of asthma is unusual for a child; 
usually, nocturnal cough, adventitial breath sounds, abnormal pulmonary function tests, or 
other signs of atopic diseases can exist.

A variety of other diseases of the airways, pleurae, and parenchyma can cause substernal 
or pleuritic chest pain. Pneumonia, asthma, exercise-induced bronchospasm, pleural eff u-
sions, and air in the pleural space can cause pain, but the chest pain is never the sole sign of 
the underlying disease process. A child with a parapneumonic eff usion will classically have 
fever, tachypnea, tachycardia, a pleural friction rub or crackles (or both) on auscultation, and 
dullness to percussion in addition to the pleuritic chest pain that intensifi es with inspiration.

Exercise-induced chest pain or chest tightness that resolves with the cessation of the 
exercise or the administration of bronchodilators may be a manifestation of cardiac disease 
but is more commonly related to exercise-induced bronchospasm. Exercise testing, cold air 
challenge, or a therapeutic trial of bronchodilators can confi rm the diagnosis of exercise-
induced or cold air–induced bronchospasm. Treatment with bronchodilators will help these 
children participate in sports and allow them to lead normal, active lives.

Spontaneous pneumothorax can occur in teenagers with chronic illnesses such as cystic 
fi brosis, asthma, and Marfan syndrome, but it can also occur in healthy teenagers. A child with 
cystic fi brosis who experiences chest pain should be assumed to have a pneumothorax until 
proven otherwise. Dyspnea, shoulder pain, and tachypnea are often observed in addition to 
the chest pain in a typically tall, thin adolescent who develops a spontaneous pneumothorax.

Gastrointestinal Conditions
Acid refl ux to the esophagus can mimic the pain of angina and can cause both acute and 
chronic chest pain. Pain that originates from the esophagus or stomach is described as an 
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 Table 10-1 
Common, Uncommon, and Rare Causes of Chest Pain 

and Associated Signs and Symptoms
CAUSE OF CHEST PAIN SIGNS AND SYMPTOMS

MUSCULOSKELETAL

Costochondritis (common) Localized, superfi cial, reproducible pain over rib cartilage

Exercise, overuse, muscle 
strain (common)

Reproducible pain with use of involved muscle group

Protracted coughing or 
vomiting (common)

Intercostal muscle tenderness

Trauma Localized pain; pain with movement of involved areas

Stitch (common) Sharp, crampy costal pain that occurs with running

Precordial catch 
(uncommon)

Transient, stabbing pain at left sternal border; relieved by 
forced inspiration

PULMONARY

Asthma (common) Associated with cough, shortness of breath, wheezing, abnormal 
pulmonary function tests; relief with inhaled anti-infl ammatory drugs 
or bronchodilators

Exercise-induced 
bronchospasm (common)

Abnormal exercise tests; improvement with bronchodilators

Pneumonia (common) Crackles, fever, cough

Pleural effusion (uncommon) Pleural rub, fever, decreased breath sounds

Pneumothorax (uncommon) Sudden pain, referred shoulder pain, dyspnea, hyperresonance 
and/or absent or reduced breath sounds on affected side

Pulmonary embolus (rare) Contraceptive use or recent abortion, pleuritic pain

GASTROINTESTINAL

Esophagitis (common) Retrosternal pain; relief with antacids

Gastroesophageal refl ux 
(common)

Retrosternal burning pain; worse after eating and when reclining; 
relief with antacids

CARDIAC

Hypertrophic cardiomyopa-
thy (rare)

Syncope, family history, systolic ejection murmur

Pericarditis (rare) Associated fever with acute onset of pain; pain increases with move-
ment; narrow pulse pressure, distant heart sounds; alleviated by 
leaning forward

Myocarditis (rare) Precedent viral illness, anorexia, shortness of breath, third heart 
sound or gallop, cardiomegaly

NONORGANIC

Psychogenic (common) Normal physical examination, trouble sleeping, family or school 
problems, life stresses, family history of chest pain, other somatic 
complaints

Hyperventilation (common) Associated light-headedness, paresthesias, underlying anxiety
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uncomfortable, gnawing substernal burning sensation. Th e pain can last for hours, and it 
intensifi es after meals and on reclining. Any infl ammation of the esophagus, abnormalities 
of peristalsis, esophageal foreign body, or trauma can cause chest pain. Th e most common 
gastrointestinal cause of chest pain is esophagitis. However, because the clinical presentation 
of esophagitis can be nonspecifi c, children with idiopathic chest pain may benefi t from a 
trial of antacids or H2-receptor antagonists before embarking on an exhaustive evaluation.

Cardiac Conditions
Th e least likely but most worrisome causes of chest pain in children are cardiac disorders that 
cause myocardial ischemia. Cardiac disease in children rarely produces isolated chest pain 
and is always associated with other fi ndings at evaluation. Sudden death from cardiac disease 
in children is caused by a small subgroup of disorders: abnormalities of the myocardium or 
coronary vessels, specifi c congenital heart lesions, arrhythmias, and conduction disorders.10 
Signs and symptoms that identify children with these disorders and warrant cardiology 
evaluation include exertional nonrespiratory dyspnea, syncope, and palpitations. A pediatric 
cardiologist should also see children with chest pain and a family history of sudden death.

A child with chest pain from myocarditis or pericarditis usually appears ill, with fever, 
dyspnea, changes in the pain associated with the respiratory cycle, and abnormal ausculta-
tory fi ndings. In most instances, the echoviruses, especially coxsackievirus B, are identifi ed 
as the culprit responsible for myocarditis. Pericarditis can result from either an infectious 
agent or an autoimmune process.

Aortic stenosis and idiopathic hypertrophic cardiomyopathy, which are the most impor-
tant lesions that cause left ventricular outfl ow obstruction, can cause chest pain as a result of 
the heart’s inability to increase the cardiac output with exercise. Th ese disorders cause syncope 
and chest pain with exertion. Mild aortic stenosis does not cause chest pain.

Chest pain may be, but is not usually, the primary complaint of children with arrhythmias 
unless they perceive the palpitations as painful. More commonly, older children complain 
of light-headedness or dizziness along with the palpitations. Th e arrhythmia can usually be 
detected on auscultation and confi rmed by resting electrocardiogram. If the palpitations or 
chest pain occur infrequently or are not associated with exercise, then referral to a pediatric 
cardiologist is indicated for Holter monitoring.

Although mitral valve prolapse (MVP) is commonly thought to cause chest pain in 
adolescents, most children with MVP are asymptomatic. Chest pain has been found to be 
no more common in teenagers with MVP than it is in those without MVP.11

Findings on auscultation that point to a cardiac source of pain include clicks, rubs, and 
systolic murmurs. A murmur can be worrisome if it increases in intensity with the Valsalva 
maneuver or any other procedure that expands the degree of left ventricular outlet obstruc-
tion. A third heart sound or gallop is heard in myocarditis and congestive heart failure. Pleural 
friction rubs, wheezes, tachypnea, and crackles suggest a pulmonary cause. Conversely, 
hyperventilation associated with light-headedness, paresthesias, dizziness, and a high level 
of stress or anxiety suggests a hyperventilation syndrome.

Idiopathic Causes
Especially among adolescents, as many as 39% of patients complaining of chest pain will not 
have a readily identifi able cause.3,4 Children with chronic chest pain, no history of respiratory 
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or cardiac disease, and a normal physical examination are unlikely to have a serious cause for 
their pain. For teenagers, a careful explanation of the pathophysiologic features in concrete 
terms is a fundamental part of their therapeutic regimen. Several studies of children with 
idiopathic chest pain have shown that most of them have no further pain 1 to 2 years after 
their initial evaluation.12

Psychogenic Chest Pain
A child with a long history of chest pain, other recurrent somatic problems, school or sleep 
problems, a family history of chest pain, or any combination of these factors may have a 
psychogenic cause for the pain. If a psychogenic cause is entertained, then the diagnosis 
should not be made by exclusion of organic disease; rather, the diagnosis should be based 
on positive psychiatric evidence. As with any somatic illness, if the family or the child is 
able to articulate a relationship between the chest pain and stress or emotional upheaval, 
then the diagnosis will be easier for them to comprehend and accept.13 Emotional causes 
for chest pain seem to be more common in adolescents than in children younger than 
12 years.1 Hyperventilation can be associated with the chest wall syndrome but is more com-
monly seen in teenagers with underlying anxiety. Th e diagnosis is usually made by history 
alone because the child may need to hyperventilate for 20 minutes to reproduce the pain.

Almost all children with hyperventilation syndrome have associated paresthesias, carpo-
pedal spasm, and light-headedness. For a child with an acute episode of hyperventilation, the 
treatment is to have the child breathe into a paper bag to relieve the hypocapnia. Resolution 
of the chronic problem is based on techniques to allow the children to understand the nature 
of their anxiety and allow them to regain control of their emotional state. Th e treatment of 
other forms of psychogenic chest pain should be focused on the family’s comprehension of 
the cause of the pain and reassurance that no long-term sequelae exist, all while acknowledg-
ing that the pain is real. For children with more signifi cant psychiatric problems, referral to 
a psychiatrist may be necessary.

When to Admit

Rarely will a child with chest pain need to be hospitalized because, for the most part, 
chest pain is usually benign, self-limited, and not associated with severe intrathoracic ill-
ness. Box 10-1 provides guidance for when to refer and when to admit. However, children 
with the following should be hospitalized:
• Myocarditis
• Pericarditis
• Empyema
• Pneumothorax
• Signifi cant thoracic trauma
• Acute chest syndrome
• Esophageal foreign bodies
• Coronary artery anomalies or other cardiac lesions
• Myocardial ischemia
• Chest pain and palpitations
• Cyanosis
• Distress
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Chapter 11

Constipation
Peter F. Belamarich, MD

Th e term constipation, which denotes both a symptom and a chronic condition, refers 
to the infrequent elimination of large or hard stools that may cause pain on defecation. 
In childhood, constipation that is not caused by another condition is known as idiopathic 
or functional constipation. Given that constipation encompasses both objective and 
subjective complaints that vary by age, it has defi ed a comprehensive standard defi nition. 
Several consensus groups have developed defi nitions of constipation; however, none of 
these defi nitions seems entirely satisfactory to all.1 One expert consensus defi nition of 
constipation is presented in Box 11-1.

Constipation is a common symptom among children in the industrialized world. 
In parental surveys, 16% to 37% of toddlers are reported to suff er from it.2 Functional 
constipation presents a challenge to the pediatrician, as suggested by the observation that 
the evaluation and treatment of constipation occupies 25% of all referrals to pediatric 
gastroenterologic services, although these children rarely require an invasive procedure.3 
To pediatricians caring for chronically constipated children, treatment failure raises 
the question of Hirschsprung disease. Among referral populations, more than 90% of 
childhood constipation is functional; ultimately, 50% to 90% of these children are cured.4

Th e approach to constipated children used by gastroenterologists is well within the 
scope of the primary care pediatric practice. Th e focus of this chapter is on identifying 
and treating children who have functional constipation. An evidence-based guideline, 
endorsed by the American Academy of Pediatrics, has been published on evaluating and 
treating constipation.5

 PATHOPHYSIOLOGIC MECHANISM OF FUNCTIONAL 
CONSTIPATION

Normal Colonic Function
Th e role of the colon is to reclaim water from the liquid ileal effl  uent. Th is task is accom-
plished, in part, by a motility pattern that includes focal circular contractions, which impede 
the progress of the luminal contents while solutes and water are absorbed. Subsequently, 
forward progress of the relatively dehydrated fecal stream is achieved by coordinated con-
tractile waves, which propel the bolus of stool to the next colonic segment and ultimately 
to the rectum. Th e fi nal elimination of stool is controlled by defecation, a coordinated 
sequence of neuromuscular events with both refl exive and conscious components. Control 
of defecation, continence, is a critically important social achievement in early childhood. At 
rest, continence is maintained by the involuntary resting tonic contraction of the smooth 
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muscle cuff  of the internal anal sphincter and by the posterior turn of the anal canal in 
relation to the anterior angulation of the rectal vault. Th is angle is modulated by the 
puborectalis sling muscle, which loops posteriorly around the anorectal junction and is 
anchored anteriorly on the pubic bone.

When stool arrives in the rectal ampulla, causing distention of the rectal walls, a refl exive 
relaxation of the internal anal sphincter occurs, which lowers the pressure of the anal canal 
and allows the stool bolus to descend to the anal canal, a phenomenon known as the rec-
toanal inhibitory refl ex. Control of defecation then occurs by the voluntary (and learned) 
deliberate contraction of the striated muscle of the external sphincter and puborectalis sling 
muscles, which increase the pressure in the anal canal and make the exiting angle more acute. 
Conversely, a Valsalva maneuver, in combination with relaxation of the external anal sphincter 
and the puborectalis sling, permits defecation to proceed. Normal stool frequency decreases 
from about 4 stools per day in infancy to 1.2 stools per day at 4 years old.6

Factors in Functional Constipation
Th e pathophysiologic basis of functional constipation is not clear. It may be the fi nal com-
mon pathway for a number of underlying distinct conditions:7 a disorder of the dynamics 
of defecation; a problem with rectal sensation; or a disorder of colonic transit, leading to 
impacted, overly desiccated stool in the colon. Functional constipation can also arise solely 
from a behavioral aversion to or learned problems with the process of defecation.

Stool withholding, the act of voluntarily deferring defecation to avoid pain, signifi -
cantly contributes to the chronicity of constipation in childhood independently of the 
primary cause.

Stool Withholding
In practical terms, several commonly recognized clinical scenarios can result in constipation, 
including painful anal fi ssures, perianal streptococcal cellulitis, traumatic toilet-training 
experiences, and transient periods of dehydration, illness, or immobility. Stool withhold-
ing likely fi gures prominently in the perpetuation of constipation when pain or an aversive 
experience is the primary insult. Withholding behavior in the toddler or child is strongly 
self-reinforcing. Th e child is avoiding painful bowel movements, which makes the stool 

BOX 11-1

Defi nition of Constipation 
Constipation is a symptom defi ned by the 
occurrence of any of the following, indepen-
dent of stool frequency:
• Passage of hard, scybalous, pebble-like, or

cylindrical cracked stools
• Straining or painful defecation

• Passage of large stools that may clog
the toilet

• Stool frequency less than 3 per week,
unless the child is breastfed

Adapted from Hyams J, Colletti R, Faure C, et al. Functional gastrointestinal disorders: Working Group Report of the 
First World Congress of Pediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol Nutr. 2002;35 
(Suppl 2):S110.
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harder and more painful to pass. Parents who focus with great concern on the withholding 
crisis, often believing that the child is valiantly trying to defecate rather than to withhold, 
also reinforce stool withholding unwittingly. Toddlers love the worried attention of their 
parents! Th e lack of privacy commonly found in some school lavatories can engender with-
holding by older children. Anorectal manometric studies have documented abnormalities 
in the dynamics of defecation in a large series of chronically constipated children, the most 
common being a paradoxic contraction of the external anal sphincter and the puborectalis 
sling in response to the rectoanal inhibitory refl ex.

Th is commonly identifi ed abnormality is known variously as rectoanal pelvic fl oor 
dyssynergia, abnormal defecation dynamics, and anismus.8 Most experts consider dyssyn-
ergia a learned phenomenon. For a large proportion of chronically constipated children, 
painful defecation and withholding antedate the clinical presentation of constipation by 
1 to 5 years.9 In a signifi cant subset of children who experience persistent constipation, 
withholding becomes entrenched and particularly diffi  cult to unlearn. In fact, initial 
enthusiasm over manometrically based biofeedback training was based on its potential to 
help patients identify and unlearn this withholding behavior. However, controlled 
studies have not documented greater improvements in the outcome for patients who 
have undergone biofeedback training than for those given a standard treatment regimen.8

Sensory Abnormalities
Another common manometric abnormality found in chronically constipated children is 
known as megarectum. As the name implies, the rectum is dilated with a chronic impaction, 
a fi nding associated with an increase in the sensory threshold to minimal rectal distention, 
as well as an increase in the minimal volume required to initiate the urge to defecate. Th ese 
sensory abnormalities persist for several years in some patients after successful treatment, 
suggesting that ongoing sensory abnormalities contribute to relapses and perhaps to the 
initial pathogenesis of constipation in some children.

Slow Transit
Constipation from abnormally slow transit of the fecal stream through the colon occurs 
predominantly in young women but can occur in children.10 Whether slowed colonic 
transit is the primary problem or is secondary to distal diffi  culties with defecation is 
unclear. Slow-transit constipation in children is not easily diff erentiated clinically from 
normal-transit constipation. A unique therapeutic approach to slow-transit constipation 
has not emerged.

Dietary Factors
Whether dietary factors alone cause constipation is unclear. In infancy, human milk is highly 
protective. Despite broad agreement that dietary fi ber has an important role in promoting 
a regular bowel habit, very little literature and no prospective studies support this belief. A 
case-control study has documented decreased fi ber intake as a risk factor for childhood con-
stipation; however, substantial overlap exists in the fi ber intake between cases and controls.11 
Nonetheless, many physicians have remarked that, in infancy, the transition from human 
milk or formula to whole cow’s milk, or periods of excess protein intake such as occur in 
toddlers with excessive whole cow’s milk consumption, are associated with constipation. 
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Th e tenacious and harmful myth that iron-containing formula causes constipation has been 
disproved many times.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of chronic childhood constipation includes many conditions 
(Box 11-2). Despite the large number of possible diagnoses, at least 90% of aff ected 
children have functional constipation.

Frequently, the foremost consideration in the diff erential diagnosis of chronic constipa-
tion is Hirschsprung disease. Th e most common basis for this concern is treatment failure, 
an appropriate concern in early infancy when functional constipation is unusual and easily 
treatable. However, treatment failure in the toddler and the school-aged child more often 
refl ects the complexity and duration of intervention required to treat functional constipation 
adequately than a missed diagnosis of Hirschsprung disease. Fortunately, several fi ndings 
in the history are useful in the process of ruling out Hirschsprung disease. Perhaps most 
useful is that almost all children with functional constipation withhold stool in response 
to the rectoanal inhibitory refl ex, whereas this refl ex is absent with Hirschsprung disease. 
Simply stated, stool withholding behaviors are a historical fi nding that almost always rule 

BOX 11-2

Diff erential Diagnosis of Constipation in Childhood
FUNCTIONAL CONSTIPATION

• Disorders of intestinal neuromuscular 
function

ANAL AND RECTAL DISORDERS

• Anal fi ssure
• Anterior ectopic anus
• Anal stenosis
• Anorectal malformations
• Rectal duplication
• Anal trauma (abuse)
• Pelvic tumor (presacral teratoma, ganglio-

neuroma, ovarian cyst, hematocolpos)

NEUROLOGIC—NEUROMUSCULAR

• Hirschsprung disease
• Pseudoobstruction syndromes
• Spinal cord lesions
• Spinal dysrhaphism, including spina bifi da
• Cerebral palsy
• Neuromuscular diseases with hypotonia

METABOLIC AND ENDOCRINE

• Hypothyroidism
• Diabetes insipidus

• Hypercalcemia
• Hypokalemia

MEDICATION AND TOXIN RELATED

• Antihistamines
• Anticholinergics
• Anticonvulsants
• Opioids
• Bismuth, aluminum hydroxide
• Tricyclic antidepressants
• Iron preparations (not iron-fortifi ed 

formulas)
• Plumbism
• Infant botulism

MISCELLANEOUS

• Celiac disease
• Cystic fi brosis
• Cow milk allergy
• Scleroderma
• Systemic lupus erythematosus
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out Hirschsprung disease. Conversely, Hirschsprung disease should be considered in any 
child with refractory constipation who has had any of the following:
1. Failure to pass meconium in the fi rst 24 hours of life.
2. Onset of constipation before 3 months of age.
3. Symptoms of intestinal obstruction at any time (distention, emesis).
4. Lifelong dependence on laxatives, enemas, or mechanical manipulation to initiate 

defecation.
5. History of enterocolitis in early infancy (sometimes misdiagnosed as gastroenteritis).
6. Constipation in children with syndromes associated with Hirschsprung disease 

(eg, trisomy 21, Waardenburg-Shah, congenital central hypoventilation).
7. Failure to thrive or growth faltering. See Table 11-1 for a summary of features that distin-

guish Hirschsprung disease from functional constipation.
Other conditions that specifi cally aff ect the neuromuscular function of the colon include 

the pseudoobstruction syndromes, which are characterized by intermittent episodes of func-
tional intestinal obstruction. Furthermore, a large percentage of children who have general-
ized neuromuscular disabilities (eg, cerebral palsy, muscular dystrophy, generalized hypotonia) 
have refractory constipation that is frequently multifactorial and diffi  cult to treat.

Anorectal disorders producing constipation include anal fi ssures, anal stenosis, anterior 
ectopic anus, and extrinsic masses that partially obstruct the rectum. Fissures may induce a 
self-perpetuating cycle of withholding and worsening of constipation that causes reinjury. 
Congenital anal stenosis is characterized by straining during the production of small-caliber 
stools; it is frequently diagnosed during infancy. Th e anal canal is noted to be narrow and 
not distensible during digital examination. Occasionally, chronic constipation is caused by 
a subtle anorectal malformation known as anterior ectopic anus,12 in which the anal orifi ce 

Table 11-1
Comparison of Hirschsprung Disease to Functional 

Constipation
CHARACTERISTIC HIRSCHSPRUNG DISEASE FUNCTIONAL CONSTIPATION

Prevalence �1 in 6,000 births 1.5% of 7-year-old boys

Failure to pass meconium �24 hr 58%–94% �5%

Constipation in fi rst 3 mo 90% Rare

Symptoms or signs of obstruction Common Absent

Abdominal distention Common Mild or absent

Stool size Narrow, ribbon-like Intermittent large-caliber stools

General appearance Chronically ill Well

Stool-withholding behavior Rare Extremely common

Soiling Unusual Common

Stool in ampulla Unusual Common

Plain radiographs Empty rectum Dilated enlarged rectum

Rectal manometry Rectoanal refl ex absent Rectoanal refl ex present

Typical barium enema Distal spasm, proximal 
dilatation

Diffusely dilated colon and 
rectum
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is misplaced anteriorly so that the stool bolus must turn anteriorly at the perineum to exit. 
Th e parents may report seeing a perineal bulge when the infant attempts to defecate. Surgical 
reconstruction may be necessary in children who fail to improve with medical therapy. 
In rare cases, constipation is a manifestation of an intermittent or partial extrinsic obstruc-
tion of the rectum by a rectal duplication cyst or by a pelvic mass such as a neuroblastoma, 
presacral teratoma, or ovarian tumor.

Spinal cord lesions aff ecting the second, third, and fourth sacral nerves are associ-
ated with both sensory and motor defi cits aff ecting defecation. Trauma to the sacral cord, 
intraspinal and extraspinal tumors, and congenital malformations that can alter the spinal 
cord function should be suspected when constipation is accompanied by abnormalities 
in bladder function or gait, or when there are visible abnormalities or palpable fi ndings 
over the lumbosacral spine, including hair tufts, dimples, pigmentary abnormalities, or a 
deviated gluteal cleft.

Metabolic and endocrine disorders associated with constipation include hypothyroidism, 
hypercalcemia, diabetes insipidus, hypokalemia, and plumbism. Th ese conditions generally 
do not manifest with chronic constipation as a sole symptom.

Both cystic fi brosis and celiac disease can cause constipation. Physicians should be alert 
to these possibilities in children with poor growth in weight or height, recurrent respiratory 
complaints, anemia, or hypoproteinemia.

Many medications and toxins are reported to cause constipation (see Box 11-2).
Recently, 2 reports have linked constipation to cow milk protein allergy.13,14 In a study 

of a referral population of 65 children who had treatment-resistant chronic constipa-
tion, 44 had a positive therapeutic response to the substitution of soy milk for cow milk. 
Questions remain, however, about the generalizability of these fi ndings to the primary 
care setting.

Box 11-3 presents a diagnostic approach for children thought to have an organic cause 
of their constipation.

BOX 11-3

 Studies in Children With Constipation 
• For growth failure, failure to thrive, short 

stature
 Th yroid function tests
 Celiac panel
 Sweat test
 Hirschsprung disease

• For delayed passage of meconium
 Anorectal manometry
 Rectal suction biopsy
 Unprepared contrast enema
 Sweat test

• For hair tufts, lipomas or hemangiomas 
overlying the lumbosacral spine and for 

abnormalities of gait, urination, absence of 
anal wink or cremaster refl ex
 Consider imaging the lumbosacral spinal 

cord (ultrasound, magnetic resonance 
imaging)

• For refractory constipation
 Th yroid function tests
 Serum calcium
 Potassium
 Lead
 Celiac panel
 Sweat test

Routine studies of children who are thought to have functional constipation are not recommended. 
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 COMMON PRESENTATIONS OF FUNCTIONAL 
CONSTIPATION

Infancy
Particularly in the fi rst 6 months of life, parental notions of what constitutes constipation 
may be incorrect. Breastfed infants may have a mushy stool as infrequently as once a week. 
In the otherwise healthy infant, this situation does not deserve the label constipation and 
requires no intervention. In general, stool consistency rather than frequency is the critical 
determinant of constipation in the infant. Parents also worry about infants who strain or 
grunt excessively (often turning deep red) in the course of producing a soft stool of normal 
caliber. Manometric studies have documented the presence of a functioning rectoanal inhibi-
tory refl ex at birth, and infants exhibiting this behavior are likely attempting, unsuccessfully, 
to coordinate the voluntary with the involuntary components of defecation.

Th e truly constipated infant, who does require treatment, typically displays a pattern of 
straining associated with either the production of a desiccated plug of stool followed by loose 
stool or by the production of a consistently desiccated stool that has a pebbly consistency.

Toddlers
Although parents of toddlers are usually aware of when their child is constipated, they 
frequently do not recognize stool withholding. During the act of withholding, the child 
may hide quietly, clinging to an inanimate object, while squeezing the buttocks together. 
Numerous variations of stool-withholding behavior exist, including crouching, dancing 
or walking on tiptoes, and crying out in anticipation of the pain. Not infrequently, these 
episodes are misinterpreted by the parents as valiant attempts to defecate, and they gener-
ate great concern. Eliciting a history of stool withholding is critical for both diagnostic and 
therapeutic purposes.

Childhood
Once the child has attained privacy in the bathroom, parents are not likely to be involved in 
the toilet routine, and constipation becomes occult. Th e child often goes to the bathroom 
with a regular or increased frequency but during defecation passes only a small, hard piece 
of desiccated stool. Not infrequently, the child emerges from the bathroom not terribly 
bothered. Th e parent inquires, ‘‘Did you go?’’ Th e child answers, ‘‘Yes.’’ Th us both parties 
are happy. Th is stooling pattern, known as incomplete evacuation, is common in school-age 
children and is punctuated episodically by the passage of massive bowel movements. Many 
children do not seem very bothered by their constipation and are brought in by their parents 
not for the constipation itself but rather for associated phenomena, such as soiling, recur-
rent abdominal pain, blood streaks seen on the stool, excessive fl atus, or anorexia. Finally, 
pelvic fl oor dyssynergia seen in children with stool withholding can aff ect urinary voiding 
dynamics, predisposing some to enuresis or urinary tract infection. Box 11-4 lists features 
that support the diagnosis of functional constipation.

 EVALUATION
Functional constipation frequently can be diagnosed by history, physical examination, and 
therapeutic response to a comprehensive treatment regimen. Th e history should incorporate 
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the frequency, consistency, and caliber of the stools that the child passes, as well as the age 
of the child at the onset of constipation. Th e newborn history should specifi cally establish 
whether the child passed meconium in the fi rst day of life. A history of the child’s toilet-
training experience and whether traumatic toileting experiences occurred is critical in toddlers 
and preschool-aged children. Th e diet history can establish whether the onset of constipation 
occurred concurrently with the transition to cow milk or with periods of high protein intake 
(excessive cow whole milk consumption).

Common complications of constipation should be assessed: fi ssures, bleeding, abdominal 
pain, anorexia, enuresis, and urinary tract infection. A history of distention and vomiting 
is explored because they are not caused by functional constipation. Eliciting a history sug-
gesting stool withholding is critical because it strongly supports the diagnosis of functional 
constipation and should be addressed in the therapeutic plan. Details of prior evaluations 
and treatments should be explored, including over-the-counter medicines, home remedies, 
alternative therapies, and culturally specifi c therapies that can be incorporated in the treat-
ment plan, if they pose no harm.

Specifi c questions should address the diff erential diagnosis. Symptoms of Hirschsprung 
disease, as well as endocrine, metabolic, and neurologic disease, should be sought. Th e pos-
sibility of an occult spinal process aff ecting the sacral nerves can be addressed by inquiring 
about any changes in the urinary voiding pattern (urinary stream or urinary continence) or 
in the child’s gait. Th e family history covers heritable conditions in the diff erential diagnosis 
and a family history of functional constipation, which has been shown to have a heritable 
component. A developmental history may also be important.

On physical examination, the child’s growth parameters, including recent growth veloc-
ity, should be normal. Th e child should appear well and not wasted or malnourished. Th e 
abdomen should not be distended, and the examination should establish the presence or 
absence of a fecal impaction in the lower quadrants or in the hypogastric area. Th e external 
examination of the perineal area is performed to establish normal placement of the anal 
orifi ce and to look for evidence of soiling, fi ssures, skin tags, and a normal anal wink in 
response to touch.

When a rectal examination can be done with the child’s cooperation, it should be part of 
the evaluation. In most children who have functional constipation, desiccated stool is found 
in the rectal vault on rectal examination. For older children who have long-standing consti-
pation and a megarectum, chronic rectal distention may eff ace the internal sphincter along 
the rectal wall, making the anal canal feel foreshortened. Children who soil from chronic 

BOX 11-4

 Findings Th at Support the Diagnosis of Functional 
Constipation
• Onset after infancy
• Presence of stool-withholding 

behavior

• Absence of red fl ags
• Episodic passage of large-caliber stools
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constipation with a megarectum have only a sensory disorder; thus, the tone of the internal 
sphincter should be normal. Th e examiner should be alert during the digital examination 
for the rare situation in which an extrinsic mass is compressing the rectum. A patulous 
anus is indicative of a neurologic lesion or of sexual abuse involving the anus. Especially 
in infants, an empty rectum on digital examination raises the possibility of Hirschsprung 
disease, particularly in conjunction with an explosive gush of stool on withdrawal or a hard, 
impacted mass palpated in the pelvis or lower abdomen. Impactions in infancy are unusual 
and may indicate Hirschsprung disease. In the older child who has functional constipation, 
an empty rectum may be found occasionally if the child has just defecated. Nonetheless, the 
possibility of Hirschsprung disease should be considered carefully.

Th e evaluation should continue with an examination of the spine, looking for a dimple, 
hair tuft, or palpable vertebral deformity (signs of spina bifi da occulta), and from this 
evaluation to a thorough neurologic examination that explicitly assesses the tone, strength, 
symmetry, and refl exes of the lower extremities and to an analysis of the patient’s gait.

Routine laboratory tests are not indicated in evaluating for functional constipation.5 In 
addition, a recent systematic review has shown that plain abdominal radiographs do not have 
signifi cant diagnostic value.15 Nonetheless, plain radiographs of the abdomen can be used 
selectively for confi rmation that an abdominal mass appreciated on physical examination 
is indeed a fecal impaction.

Children thought to have Hirschsprung disease should be discussed with a consulting 
surgeon and radiologist to decide on the choice of initial diagnostic testing, keeping in mind 
that rectal biopsy is the gold standard. Box 11-5 presents red fl ags in constipation.

 TREATMENT
Treatment of constipation involves laxatives, parental education, diet, and behavioral modifi -
cation. Consideration must be given to the age of the patient and the duration of symptoms. 
Whereas transient constipation of several days’ duration typically can be managed with 1 to a 
few days of laxative use and dietary change, most patients who have functional constipation 
are aff ected for weeks to months before coming to attention and require a phased approach 
and months of treatment. Successful treatment of functional constipation in older children 
may even require 1 to 2 years of laxative therapy. Ultimately, the goals of treatment are to 
establish a pattern of soft bowel movements at a regular frequency (at least 3 per week), to 
wean the child from pharmacotherapy, and to have the child and family manage the problem 
on their own with diet and behavioral modifi cation.

BOX 11-5

Red Flags in Childhood Constipation
• Failure to thrive, weight loss, poor growth
• Vomiting
• Abdominal distention
• Persistent anal fi ssures, perianal disease

• Persistent blood in stool or guaiac-positive 
stool

• Delayed passage of meconium
• Weak urinary stream, diurnal enuresis
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Treatment of Infants
Before they are introduced to infant food, constipated infants can be treated by the addition 
to the diet of undigestible, osmotically active carbohydrates: either dark corn syrup or malt 
soup extract can be added to the formula in a dose of 2 to 6 teaspoons divided in several 
bottles per day. Once juice and infant food are introduced, apple or prune juice and fruits 
can be added to the diet. Infant glycerin suppositories can be used at the beginning of therapy 
to remove a desiccated rectal plug but should not be the mainstay of therapy because infants 
can become behaviorally conditioned to depend on rectal stimulation to initiate defecation. 
Infants should not receive mineral oil because of the risk for pneumonia from aspiration. 
Externally visible anal fi ssures should be treated with petroleum jelly. Two studies have estab-
lished the effi  cacy of polyethylene glycol (PEG) in infants.16,17 Infants whose constipation is 
refractory to these measures should be referred to a pediatric gastroenterologist.

Treatment in Toddlers and Older Children
Th e treatment of established constipation is divided into 3 phases: (1) education and 
disimpaction, (2) maintenance, and (3) weaning. Th is method has been adopted widely 
by pediatric gastroenterologists and advocated in published guidelines.5

Education
Th e treatment of constipation begins with parental education regarding the pathogenesis 
of constipation. Particular focus is given to the concept that, once established, constipa-
tion frequently engenders withholding, which is self-perpetuating. Toddlers, in particular, 
require several months of laxative treatment that produces soft stools before they abandon 
this behavior. Parents should be instructed to ignore stool withholding events as they would 
a temper tantrum. At times when the child is not withholding, parents should talk directly 
to toddlers and engage them in the therapeutic program: “I want you to push the poo-poo 
out of your body; don’t hold it in. Th at’s how you will get better, and it will stop hurting!”

Physicians should address the widely held misconceptions that long-term laxative use 
in childhood is not safe or engenders laxative dependence. Th is fear, compounded by a 
general reluctance to medicate children for what is widely perceived as a transient problem, 
almost always leads to premature discontinuation of therapy. In fact, innumerable studies 
have established that nonstimulant laxatives such as mineral oil, milk of magnesia, PEG, 
and lactulose do not result in dependence. On the other hand, experts discourage the pro-
longed use of stimulant laxatives (Senna, Bisacodyl),5,18 but the limited use of Senna, an 
anthraquinone-stimulant laxative, is acceptable.

Disimpaction
Treatment begins with disimpaction in the toddler or child who has had months to years 
of symptoms or an impaction on examination. For children attending school, disimpac-
tion treatment (Table 11-2) should be deferred until the weekend; in the interim, the child 
can be treated with mineral oil to lubricate the impacted stool. Enemas once a day for 3 to 
6 days are simple and eff ective and, with some important caveats, are safe. Dose guidelines 
should be followed, and the child should be brought to medical attention in the rare event 
of failure to stool following an enema. Sodium phosphate enemas are contraindicated in 
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children who weigh less than 10 kg, in those who have any cardiac or renal impairment or 
electrolyte disorders, and in those who may have any form of intestinal obstruction.19 In 
4- to 11-year-old children, a comparison of daily oral PEG for 6 days versus daily enemas 
for 6 days showed equal effi  cacy in resolving fecal impactions. Th e choice of enemas versus 
the oral route should be made with the child and family’s input.20

Th e goal of disimpaction is to remove all the hard-formed stools throughout the colon. A 
follow-up telephone call after 2 to 3 days can ascertain whether the child is still passing hard 
stools. Any questions about whether the disimpaction phase of treatment is complete should 
prompt a revisit for an abdominal and rectal examination or an abdominal radiograph. Last, 
children who have extremely hard or treatment-resistant impactions can be admitted for 
nasogastric administration of a PEG solution or surgical disimpaction. Failure to achieve a 
thorough disimpaction, a common therapeutic mistake, undermines successful treatment 
because laxatives given in maintenance doses do not penetrate or remove the impaction. For 
the same reason, fi ber is withheld during the disimpaction phase of treatment.

Maintenance
Th e maintenance phase of treatment follows disimpaction and should incorporate laxa-
tive use and dietary and behavioral advice. Maintenance doses of laxatives are listed in 
Table 11-2. Telephone follow-up within 2 to 3 days of starting therapy is essential so that 
the laxative can be titrated to a dose that induces a daily soft bowel movement. Results 

Table 11-2 
Regimens for Older Toddlers and Children Who Have Chronic 

Constipationa 
LAXATIVE DOSAGES

DISIMPACTION

Enema
  Hypertonic sodium 

phosphatea,b

3 mL/kg/dose, once daily via rectum for 3–6 days, maximum 
135 mL

Mineral oil 30–60 mL, once daily via rectum for 1–6 days

Oral
Polyethylene glycol, electrolyte free 1.5 g/kg/day, maximum 100 g for 3–6 days
Mineral oil 30 mL/year of age to maximum 8 oz twice daily for 3 days
Polyethylene glycol with electrolytes 10–40 mL/kg/hr, via nasogastric tube (maximum 2 L/hr) 

until stool effl uent clear

MAINTENANCE

Polyethylene glycol, electrolyte free 
powder

0.8–1.5 g/kg/day

Mineral oil 1–3 mL/kg/day

Milk of magnesia 1–3 mL/kg/day

Lactulose 10 g/15 mL 1–2 mL/kg/day

Senna syrup 218 mg/5 mLb 10–20 mg/kg/dose po qhs

aNot recommended for children younger than 2 years of age.
bSee maximum doses in the Physicians’ Desk Reference.
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of a Cochrane review support both PEG and mineral oil as superior to other agents for 
the treatment of constipation.21 If mineral oil is used, then it should not be prescribed to 
children younger than 2 years or to children who are at risk for pulmonary aspiration.22 
PEG has gained wide use for the treatment of functional constipation. PEG, an osmotic 
laxative, is a polymer of ethylene glycol that is not absorbed or fermented by colonic 
bacteria. One appeal of PEG is that it is a fairly tasteless, water-soluble powder that can 
be disguised when mixed into a child’s drink. Pediatric studies of PEG have established 
clinical tolerance, eff ective dose, and the absence of unanticipated or serious adverse eff ects 
in small groups of study subjects.23,24

A recent systematic review of nonpharmacologic therapies for childhood constipation 
concluded that apart from an increase in fi ber intake, other therapies such as an increase in 
fl uid intake, the addition of probiotics/prebiotics to the diet, an increase in physical activity, 
and yoga are not studied to the point at which they can be off ered as evidence-based recom-
mendations.25 Th ese therapies deserve further study because they may be benefi cial and are 
associated with little harm. Th e addition of dietary fi ber is a widely advocated adjunct to the 
treatment of childhood constipation, and a recent randomized controlled trial has shown 
benefi ts of a fi ber supplement when prescribed with a laxative.26 Alternatively, dietary changes 
that increase the child’s fi ber intake can be made and include the introduction of whole-grain 
breads and cereals and increasing the child’s fruit and vegetable intake.

Simple behavioral advice has been a mainstay of treatment recommendations. For tod-
dlers, the focus is on replacing stool-withholding behavior with deliberate attempts to def-
ecate. Toilet-training eff orts are deferred until the child stops withholding. For older children, 
a behavioral modifi cation program of sitting on the toilet for 5 to 10 minutes after meals 
to capitalize on the gastrocolic refl ex is recommended, with success rewarded by the use of 
a star-chart system: the child should be rewarded for the targeted behavior (sitting). Th e 
physician is responsible for titrating the laxative dose to achieve the desired eff ect (a soft 
bowel movement every day), which requires an active partnership with the child and parents, 
who need to report to the physician frequently. Referral to a child behavior specialist or 
psychiatrist is warranted when toileting is the focus of a power struggle or when a signifi cant 
mental health problem complicates the treatment regimen.

Weaning From Maintenance Th erapy
Weaning, as opposed to abrupt cessation, of laxative therapy is the next phase of treat-
ment. Successful weaning can occur following 6 to 12 weeks of maintenance treatment in 
some toddlers but may not be possible for 6 to 12 months in older children. Typically, the 
daily laxative dose is decreased to 75%, 50%, and 25% of the initial dose over successive 
months, or the full dose is given every second day for 6 to 8 weeks and then every third 
day for another 6 to 8 weeks. Eff orts to increase the child’s fi ber intake and to comply 
with the behavioral program are redoubled during weaning. Older school-aged children are 
encouraged to practice self-monitoring of the frequency and adequacy of their bowel move-
ments, and a rescue plan for an enema, a suppository, or a dose of stimulant laxative must 
be in place for a transient relapse (no stool for longer than 3 days) that may occur during 
weaning. Th e inability to wean from laxatives after 12 months of therapy is not uncommon 
in functional constipation but may reasonably justify referral to a pediatric gastroenterolo-
gist. Box 11-6 presents common reasons for treatment failure of functional constipation. 
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Remaining optimistic and involved at this point is important because improvement beyond 
12 months of therapy is well documented.4,27,28

When to Refer

• Abnormal studies
• Findings that are inconsistent with functional constipation (growth failure, distention, 

vomiting, bleeding)
• Signifi cant behavioral, emotional, and parenting problems complicating treatment
• Refractory to comprehensive treatment regimen

When to Admit

• Constipation associated with obstruction or enterocolitis
• Failure of disimpaction as an outpatient

TOOLS FOR PRACTICE

Engaging Patient and Family
• Constipation and Your Child (handout), American Academy of Pediatrics (patiented.

solutions.aap.org)
• Constipation (Web page), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/abdominal/Pages/Constipation.aspx)
• Everyone Poops (book), Kane/Miller Book Publishers
• Guide to Toilet Training (book), American Academy of Pediatrics (shop.aap.org)
• Toilet Training (Web page), American Academy of Pediatrics (www.healthychildren.org/

English/ages-stages/toddler/toilet-training/Pages/default.aspx)
• Toilet Training (handout), American Academy of Pediatrics (patiented.solutions.aap.org)

Medical Decision Support
• Constipation in Infants and Children: Evaluation and Treatment (guideline), Journal of 

Pediatric Gastroenterology and Nutrition, Vol 43, Issue 3, 2006

AAP POLICY STATEMENTS

American Academy of Pediatrics Subcommittee on Chronic Abdominal Pain. Chronic abdominal pain in 
children. Pediatrics. 2005;115(3):e370–e381 (pediatrics.aappublications.org/content/115/3/e370.full)

BOX 11-6

Common Reasons for Treatment Failure 
of Functional Constipation
• Reliance on dietary advice alone
• Inadequate disimpaction
• Failure to escalate laxative dose to achieve 

1 to 2 soft stools per day

• Failure to address widely held notion that 
laxatives are addictive, leading to premature 
discontinuation

• Relying on dietary fi ber alone 

http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Constipation.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Constipation.aspx
http://www.healthychildren.org/English/ages-stages/toddler/toilet-training/Pages/default.aspx
http://www.healthychildren.org/English/ages-stages/toddler/toilet-training/Pages/default.aspx
http://shop.aap.org/
patiented.solutions.aap.org
patiented.solutions.aap.org
pediatrics.aappublications.org/content/115/3/e370.full
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American Academy of Pediatrics Subcommittee on Chronic Abdominal Pain. Chronic abdominal pain in 
children. Pediatrics. 2005;115(3):812–815 (pediatrics.aappublications.org/content/115/3/812.full)
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Chapter 12

Cough
Michael G. Marcus, MD

 INTRODUCTION
Cough is among the most common complaints of children. Although generally result-
ing from acute viral infections and therefore self-limited, cough may be the harbinger of 
a more serious problem. Because cough can be exceedingly disruptive to the child and 
family, it can lead to signifi cant anxiety for all involved parties. Allaying this anxiety 
through appropriate diagnosis and management is of prime importance to the primary 
care physician.

 PATHOPHYSIOLOGIC FEATURES
Cough can be described as a forceful exhalation. Its primary purpose is to facilitate the 
removal of inhaled irritants and secretions from the airway. Th e cough refl ex can be triggered 
by stimulation of the cough receptors located at all levels of the respiratory tract, begin-
ning at the sinus level and extending caudally throughout the respiratory tree and ending 
at the terminal bronchi. It also includes the auricular branch of the vagus nerve (Arnold 
nerve), which carries aff erent impulses from the concha of the ear and posterior portion of 
the external auditory canal. Impulses from these cough receptors travel through the cranial 
nerve aff erent pathway to the medullary cough center. Th e refl exive eff erent response of this 
activation causes the coordinated activity of glottic closure and diaphragmatic, chest wall, 
abdominal, and pelvic fl oor contraction, resulting in cough.1

Th e cough sequence can be divided into 3 classic phases. Th e fi rst phase, termed the 
inspiratory phase, results in a deep inspiration ending in glottic closure. During the short 
second phase, termed the compressive phase, intrathoracic pressure increases as a result of 
coordinated contraction of the expiratory muscles. With the expiratory third phase, the glottis 
opens rapidly, leading to the sudden, sometimes explosive, release of the pent-up intrathoracic 
air (ie, cough). Coupled with this third phase, secretions and irritants are expelled from the 
airway. Incomplete or ineffi  cient removal of these materials will result in recurrence of 
the cough sequence, as will ongoing irritation or infl ammation.

 CLASSIFICATION
Many classifi cation schemes for cough have been developed over the years, and each has 
its benefi ts and limitations.2 Ultimately, any useful classifi cation scheme must help in 
planning an effi  cient and successful evaluation and management plan. When classifying 
cough, 2 basic questions need to be addressed. First is whether the cough is acute or chronic 
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(>4 weeks’ duration), with chronic cough likely requiring a more extensive evaluation plan. 
Th e second question is whether the cough is triggered by upper, lower, or combined airway 
pathology (although the eff ect of the upper airway on the etiology of cough is somewhat 
controversial), and whether it is specifi c or nonspecifi c. Th is is not always apparent, espe-
cially in younger children, but is critical to determine to minimize unnecessary testing, 
treatment, or both.

 DIFFERENTIAL DIAGNOSIS
In considering a functional diff erential diagnosis, the physician should try to answer the 
above 2 questions on the initial assessment. In this regard, the character of the cough can 
sometimes be helpful, with croupy, throaty, and honking (foghorn) coughs being more likely 
to originate in the upper airway. However, young children with asthma (clearly a disease of 
the lower airways) may initially exhibit a croupy cough, presumably from the physiologic 
narrowing of the subglottic space in children younger than 4 years.

At the other extreme, although a productive cough with expectoration of sputum is 
classically associated with lower airway infl ammation (eg, pneumonia, asthma), children 
with severe chronic sinusitis (a disease of the upper airway) will often cough and expectorate 
or swallow thick sputum, which may at times even be tinged with blood. Th erefore, cough 
character, although helpful, should not limit the diff erential diagnosis. A variety of qualities 
attributed to cough character have been described that can be useful starting points in the 
evaluation of cough, including paroxysmal for pertussis; staccato for Chlamydia infection; 
barking for laryngotracheal infection; throat clearing for postnasal secretions; and honking for 
habit cough syndrome.3 History and pattern of illness progression are crucial for putting these 
cough qualities into perspective. For example, cough that occurs only during the daytime, 
increases with attention, and does not limit or change with physical activity is more likely 
habit cough syndrome. However, such a cough can also indicate tracheal pathology if it does 
not possess all of these characteristics. In contrast, if the cough clearly increases with activity 
and limits the child from participating in desired physical activities, then asthma is a likely 
diagnosis. Night cough is frequently seen with asthma; however, when nasal symptoms are 
present it could also suggest allergy or sinusitis (or both) as triggers; cough during feeding 
suggests swallowing dysfunction or tracheoesophageal fi stula with aspiration; and cough 
after feeding with spitting up, retching, or arching of the back suggests gastroesophageal 
(GE) refl ux.4

Age of onset is also an important feature in planning a workup. Chronic or recurrent 
cough that begins in early infancy, especially in children younger than 3 months, suggests a 
congenital or anatomic origin and clearly requires a more aggressive evaluation. Th ese chil-
dren are also at risk for protracted bacterial bronchitis, although the eff ect of this entity is still 
being delineated. Similarly, an aggressive approach should be considered when cough begins 
relatively suddenly, especially in toddlers, since this might suggest foreign-body aspiration. In 
both of these scenarios visualization of the airway using bronchoscopy should be considered 
early in the evaluation process. Cough beginning at more than 6 months of age may suggest 
airways hyperreactivity, and a therapeutic trial of treatment with a beta-2 agonist may be a 
reasonable fi rst step. Cough beginning relatively suddenly in adolescents, especially at times 
of psychosocial stress, might indicate a psychogenic origin.5–7
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Classifying cough in this way, using key historical information, can provide a useful 
starting point in developing a diff erential diagnosis. Studies have shown that an organized 
approach to the assessment and management of cough can greatly improve diagnostic and 
treatment success.8,9

 EVALUATION
History

Personal and Family History
Th e history from a patient complaining of cough should begin with an accurate descrip-
tion of the cough, with a focus on the pattern and progression of symptoms. Th e duration 
of cough; the frequency of discrete cough episodes; quiet periods between cough (daily 
cough vs days or weeks between cough episodes); and the quality, timing, and triggers 
of the cough are all important pieces of information to help make an accurate diagnosis. 
Associated fever suggests a respiratory tract infection; cough worsening with exercise sug-
gests asthma; and night cough in the absence of any other daytime symptomatology may 
suggest a postnasal drip, as with allergy or sinusitis. Past history is also important. Previous 
episodes, especially with a recurrent pattern of spring and fall seasonal variation, may suggest 
allergy, and chronic cough with poor weight gain suggests a more severe systemic illness 
such as cystic fi brosis or an immune defi ciency. Family history can be especially helpful 
with more chronic symptoms. A family history of allergies, atopy or asthma makes these 
diagnoses far more likely in the child with chronic or recurrent cough, given that a history 
of asthma or atopy in fi rst-degree relatives confers a 2- to 4-fold increase in risk of asthma 
in the child.10 Similarly, a family history of early childhood death related to infection makes 
an immune defi ciency more likely.

Neonatal History
Neonatal history is similarly important because preterm infants are more likely than full-term 
infants to have persistent airways hyperreactivity, laryngotracheomalacia, and GE 
refl ux. Infants with poor Apgar scores, perinatal hypoxia, or a diffi  cult postnatal course may 
have central nervous system sequelae and therefore have suck or swallow dysfunction, increas-
ing the risk of aspiration. Finally, associated congenital abnormalities (eg, diaphragmatic 
hernia) may result in pulmonary hypoplasia, leading to chronic respiratory dysfunction and 
recurrent pneumonia.

Environmental History
Environmental history is also important in determining the source of cough. Children who 
live in households with smokers have signifi cantly more respiratory infections and asthma 
symptoms than children not exposed to secondhand smoke. Exposure to molds from house-
hold water leaks, decaying garbage, vegetation or ineff ective cleaning of bathroom tile; dust 
mites from mattresses, pillows, stuff ed animals, or forced air heating systems; and roaches, 
mice, and household pets all increase the risk of allergy and asthma symptoms.11 Exposure 
to other children through school, child care, babysitters, or school-aged siblings all make 
recurrent respiratory tract infections far more common. Even thirdhand smoke, residual 
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chemicals from tobacco use which remain on surfaces such as walls, clothing, and even hair, 
may play a role in chronic cough.

Physical Examination
Th e physical examination plays a critical role in pinpointing the trigger for the cough and 
identifying signs of a more serious underlying or chronic condition. A nasal speculum exami-
nation can help determine the color and quality of the nasal mucosa, as well as the presence 
or absence of nasal secretions. Infl amed nasal mucosa, coupled with thick secretions, suggests 
rhinitis; when the symptoms have been prolonged, sinusitis can be considered. Associated 
maxillary, ethmoid or frontal sinus tenderness and pharyngeal drip with a cobblestone 
appearance (lymphoid hyperplasia) further support the diagnosis of sinusitis.12 Halitosis may 
also be present. In contrast, pale, boggy, swollen nasal mucosa makes allergic rhinitis more 
likely. Associated atopic symptoms, such as eczema, further support this diagnosis. Other 
features of the pharyngeal examination can also be helpful. Chronic pharyngeal infl am-
mation, in the absence of other signs of acute infection, suggests GE refl ux. Oral mucosal 
ulcerations or thrush suggests an immune defi ciency. When pertussis is a consideration, 
cough paroxysms triggered by a tongue depressor support the diagnosis. Signs of an acute 
infectious process, such as fever, adenopathy, pharyngitis, or rash, are important to appreci-
ate but do not necessarily rule out a predisposing condition, especially when the pattern 
of illness suggests chronicity or frequent recurrence. A thorough assessment of other body 
systems is important in judging whether a more global workup is necessary. Growth failure, 
poor developmental milestone achievement, clubbing, heart murmurs, hepatosplenomegaly, 
and chronic lymphadenopathy are all potential clues to a more severe underlying process.

A thorough examination of the respiratory system is critical in making an accurate diag-
nosis. Stridor and inspiratory rhonchi or wheeze suggest upper and large central airway 
disease, whereas rales, expiratory rhonchi, and wheeze are indicative of lower or distal 
airway infl ammation. Similarly, a change in the quality of air exchange can be an early fi nd-
ing in asthma and other diseases of airways obstruction.13,14

An accurate lower airway examination depends on the cooperation of the patient. Wheeze 
and distal airway sounds can be masked by a patient’s vocalization or crying. Similarly, force 
of airfl ow insuffi  cient to uncover milder changes may mask both inspiratory and expiratory 
fi ndings in infants and children who do not take deep breaths on command. Every eff ort 
should be made to place the child at ease during the examination. Game playing, such as 
blowing on a feather or blowing up a balloon, can be helpful. In younger children and infants, 
the examiner can mimic a forced expiratory maneuver by fi rmly but gently compressing 
the anteroposterior chest wall inward once the child has begun voluntary exhalation. Th is 
approach will frequently uncover milder degrees of wheezing previously not appreciated with 
passive breathing. Th e examiner should allow the child to begin exhalation passively before 
performing this maneuver to ensure that the glottis is relaxed and the procedure proceeds 
safely and eff ectively.

Laboratory Evaluation

Hematologic Tests
Acute cough rarely needs extensive laboratory assessment. A detailed history and physical 
examination are usually suffi  cient to reach an accurate presumptive diagnosis, and response 
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to empiric therapy will confi rm this assessment. In cases where this approach does not 
lead to a resolution of symptoms, or when the cough is either recurrent or chronic, an orga-
nized approach using a standardized algorithm has proven to be very helpful in identifying 
the cause and optimizing treatment, thereby shortening the duration of cough. A complete 
blood cell count (CBC) with diff erential may help distinguish a bacterial from a viral cause if 
infection is suspected. However, localized infections such as sinusitis are not always accompa-
nied by an elevated white blood cell count with a shift to the left. Th e total eosinophil count 
on the CBC may be an important clue to atopy. Similarly, an elevated IgE level or positive 
nasal smear for eosinophils would further corroborate the diagnosis of allergy and suggest the 
possibility of asthma. Although increased polymorphonuclear leukocytes on a nasal smear 
may suggest rhinosinusitis, the result is diffi  cult to quantify, and the test may be misleading. 
Ultimately, if sinusitis is suspected, empiric therapy should be initiated based on history and 
physical examination, and response to therapy should be monitored.12,15 Advanced imaging 
techniques (computed tomography) can be considered in complicated cases.

Gastroesophageal Tests
When aspiration or GE refl ux (although the eff ect of GE refl ux as a trigger for cough has 
not been clearly proven) is a consideration, a barium swallow (modifi ed for aspiration and 
standard for GE refl ux) may be useful. Although barium swallow is of limited use in diag-
nosing GE refl ux (approximately 40% false negative), looking for anatomic causes related 
to esophageal abnormalities such as partial obstruction, tracheoesophageal fi stulae, and 
vascular rings, is important in infants. Monitoring with a pH probe is the gold standard for 
diagnosing GE refl ux; however, many experts suggest a period of empiric therapy if refl ux is 
suggested by history and physical examination fi ndings, with the pH probe being reserved 
for patients in whom primary empiric treatment fails.16–18

Pulmonary Function Tests
Early use of pulmonary function testing can be very helpful in making the distinction 
between upper and lower airways disease and diff erentiating obstructive from restrictive 
changes. Children must be old enough to exhale fully and inhale forcefully on command, 
and the test should be reproducible to ensure accuracy and reliability of results.19

Flattening of the inspiratory portion of the fl ow-volume loop suggest upper airway 
obstruction, whereas changes in the ratio of the forced expiratory volume in the fi rst 1 second 
to the forced vital capacity of the lungs (FEV1/FVC) or the forced midexpiratory fl ow rate 
over the middle half of the FVC (FEF 25%–75%) indicate airways obstruction consistent 
with distal disease. Reversibility of these changes (20% improvement) with a �-2 agonist 
confi rms the diagnosis of asthma and leads to eff ective therapy.

In younger children, 3 to 6 years old, impulse oscillometry may be used to assess airways 
resistance and response to bronchodilators. Th is can be helpful in children too young to perform 
formal spirometry. Infant pulmonary function testing can be used in even younger ages; how-
ever, the results are less reliable and require a high level of expertise to be performed accurately.

Other Tests
Chest radiograph is important when cough is chronic and no clear diagnosis is evident on 
fi rst assessment. Other tests, such as the sweat test, tuberculin skin test, immunologic studies, 
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and alpha-1 antitrypsin levels (although these patients characteristically present with lung 
disease in the third or fourth decade of life), can all be useful in the proper clinical setting. 
Bronchoscopy can be useful to diagnose abnormalities of both the upper and lower airways 
and should be considered in patients with chronic symptoms not responsive to empiric 
treatment. It is especially helpful in confi rming the diagnosis of protracted purulent bron-
chitis and directing appropriate antimicrobial therapy.20 Furthermore, it is the test of choice 
when a foreign body or chronic aspiration are considered likely. In cases in which an upper 
airways origin is likely, fl exible bronchoscopy (vs laryngoscopy) is still preferred to make 
the defi nitive diagnosis since lesions below the vocal cords up to the thoracic inlet can still 
be the cause of upper airway symptomatology.21,22 

 TREATMENT
Once the history and physical examination have led to an initial assessment, the fact that 
cough is a symptom of an underlying condition should be discussed with the patient and 
family. Treatment of the underlying disorder (if necessary) should always be the prime 
focus.23–26 Empiric therapy, based on primary assessment, can be a reasonable starting point. 
Judicious use of laboratory testing, as previously discussed, can be helpful in confi rming 
the diagnosis and allaying parental anxiety. Furthermore, in some conditions, cough is 
an important component of the body’s natural response to the primary illness, and 
suppressing the cough in the absence of eff ective therapy of the primary disorder may actu-
ally worsen the problem.

Treatment of the underlying disorders causing cough is discussed in other sections of 
this book; this chapter is limited to a review of medications used to treat cough itself. Th e 
decision to use a cough medicine as an adjunct to the treatment of the primary disease is left 
to the primary care physician and family. When cough is limiting or otherwise debilitating 
the patient, symptomatic treatment may be attempted; however numerous studies ques-
tion whether over-the-counter cough preparations off er any signifi cant clinical benefi t.27–30 
In addition these cough and cold medications should not be given to children younger than 
4 years because serious and potentially life-threatening side eff ects can occur from their 
use.31,32 Finally, several studies have shown that honey may be benefi cial in children older 
than 2 years of age.33,34

Expectorants
Expectorants such as guaifenesin (formerly known as glyceryl guaiacolate) may be used 
in an attempt to make secretions more fl uid and reduce sputum thickness, however the 
eff ectiveness of this treatment has been called into question.35 Th is therapeutic approach 
may be useful when drainage of secretions is important, as with sinusitis. Because expec-
torants work by increasing the fl uid content of secretions, water is probably the most 
eff ective expectorant. Saline nose sprays can make secretions more fl uid and easily cleared 
by the patient and systemic hydration, but not overhydration, should always be optimized. 
Despite widespread use, expectorants have not been shown to decrease cough in children. 
Other older expectorants, such as potassium iodide and ammonium chloride, are no 
longer prescribed to children because of their adverse eff ects when used at eff ective doses.
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Mucolytic Agents
Acetylcysteine was previously used as a mucolytic agent to help liquefy thick secretions, 
especially in diseases such as cystic fi brosis; however, its propensity for inducing airway 
reactivity and infl ammation has lately made it less popular.36,37

Cough Suppressants
Cough suppressants, which can be divided into peripheral and centrally acting agents, 
can be eff ective in transiently decreasing cough severity and frequency. Peripheral agents 
include demulcents (eg, throat lozenges), which soothe the throat, and topical anesthetics, 
which can be sprayed or swallowed. Topical agents block the cough receptors, but their 
eff ects are short-lived because oral secretions rapidly wash them away. Centrally acting 
cough suppressants, including both narcotic and nonnarcotic medications, suppress 
the cough refl ex at the brain stem level. Th e narcotic agent most commonly used in 
children is codeine. Although it has been shown to be eff ective in adults, studies on its 
safety and effi  cacy in children are lacking. Furthermore, data from adults should not be 
extrapolated to children, particularly those younger than 2 years, because the metabolic 
pathway for clearance of codeine is immature in infants. In older children, codeine should 
still be avoided and only used in extreme cases and with very clear instructions because of 
the unpredictable and potentially dangerous variation of its metabolism in the pediatric 
population. Other agents, such as hydrocodone, have no demonstrated advantage and 
pose a greater risk of dependency. Dextromethorphan (the dextro-isomer of codeine) is 
the most commonly used nonnarcotic antitussive; and despite data from adults, evidence 
of effi  cacy for children is lacking.

Decongestants
Decongestants such as pseudoephedrine can be used either topically or systemically 
to decrease nasal mucosal swelling. Decongestants can also facilitate sinus drainage by 
decreasing sinus ostia obstruction, and may work well in combination with expectorants 
to optimize treatment of chronic sinusitis. Care should be taken in the use of these 
agents because they have been shown to lead to tachyarrhythmias in individuals who use 
them in excess. In addition, these agents have not been studied in children and should 
be avoided in children younger than 2 years. Multiple reviews of the data from children 
between 2 and 6 years old also show lack of effi  cacy combined with a risk of side eff ects 
in this age group. It is therefore recommended that these agents not be used in children 
younger than 6 years.

Antihistamines
Antihistamines, which can be helpful in the treatment of cough triggered by allergy, have 
minimal eff ect when cough is the result of viral or bacterial infection and may actually be 
detrimental because they can increase the thickness of secretions. First-generation H1-receptor 
antagonists may decrease nasal drip by exerting an anticholinergic eff ect. Additionally, 
diphenhydramine may have a modest direct eff ect on the medullary cough center. Th e 
clinical benefi ts of these agents are unclear.38
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When to Refer

• Cough persists despite adequate therapy of primary disease
• Cough thought to be from hyperreactive airways is not easily reversible with �-2 agonist
• Cough recurs more frequently than every 6 to 8 weeks
• Cough associated with failure to thrive
• Cough associated with other systemic illness

When to Admit

• Patient has respiratory distress
• Infant is unable to feed
• Cough is associated with bacterial pneumonia not responsive to oral antibiotic trial

TOOLS FOR PRACTICE
Engaging Patient and Family
• Cover Your Cough (fl yers and posters), Centers for Disease Control and Prevention (www.

cdc.gov/fl u/protect/covercough.htm)

Medical Decision Support
• Managing Cough as a Defense Mechanism and as a Symptom: A Consensus Panel Report of 

the American College of Chest Physicians (article), Chest, Vol 142, Issue 2, 1998 (journal.
publications.chestnet.org/article.aspx?articleid=1073794)

• A Cough Algorithm for Chronic Cough in Children: A Multicenter, Randomized Controlled 
Study (article), Pediatrics, Vol 131, Issue 5, 2013 (pediatrics.aappublications.org/
content/131/5/e1576)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Drugs. Use of codeine- and dextromethorphan-containing 
cough remedies in children. Pediatrics. 1997;99(6):918–920. Reaffirmed October 2006 (pediatrics.
aappublications.org/content/99/6/918.full)

Wald ER, Applegate KE, Bordley C, et al. Clinical practice guidelines for the diagnosis and 
management of acute bacterial sinusitis in children aged 1 to 18 years. Pediatrics. 2013;132(1):e262–e280 
(pediatrics.aappublications.org/content/132/1/e262.full)
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Chapter 13

Cyanosis
H. Michael Ushay, MD, PhD

 INTRODUCTION
Cyanosis is a bluish purple appearance of the skin or mucous membranes usually caused by 
an increased concentration of deoxygenated (unsaturated or reduced) hemoglobin (Hgb). 
While occasionally a benign fi nding, as in a healthy newborn with acrocyanosis or when 
observed in the lips and fi ngers of a child who has been in the cold ocean, acute cyanosis often 
indicates a signifi cant reduction in oxygen concentration and may signify a life-threatening 
event. Th e presence or history of cyanosis requires careful evaluation.

Cyanosis occurs in all ages and may be the result of congenital or acquired disorders 
of the respiratory or cardiovascular systems. In the neonatal period, persistent pulmonary 
hypertension of the newborn (PPHN) and congenital heart disease are common causes of 
cyanosis, while respiratory disorders are the most common cause of life-threatening cyanosis 
in older children.1

Observed most easily in the nail beds, the lips, mucous membranes of the mouth, the 
ears, the conjunctivae, and the tip of the nose, cyanosis is especially visible in buccal mucosa 
and beneath the tongue. At these locations, capillary beds are close to the surface and arte-
rial and venous blood are seen together. Cyanosis can be present peripherally, centrally on 
the head and trunk, and also diff erentially with only lower parts of the body aff ected. Th e 
location where cyanosis is observed can help in determining the cause.

Cyanosis is made worse by vasoconstriction, so a patient should be examined in a warm 
environment. Th e perception of cyanosis depends on the quality of ambient lighting and 
by an examiner’s ability to perceive subtle shades of blue.

To most observers, cyanosis becomes visible when the concentration of deoxygenated 
Hgb approaches 3 to 5 g/dL,2 but some reports suggest that the threshold for detecting 
cyanosis may be as low as 1.5 g/dL.3 Th e appearance of cyanosis is related to the absolute 
concentration of deoxygenated Hgb rather than to a specifi c oxyhemoglobin saturation 
(SaO2). Cyanosis in a patient with a Hgb concentration of 15 g/dL will be apparent at 
an arterial SaO2 somewhere between 70% and 80%: 5 g/dL of Hgb is desaturated at 
70% arterial saturation, and 3 g/dL is desaturated at 80% saturation. Th e higher the 
patient’s Hgb concentration, the more readily cyanosis becomes evident. For example, 
5 g/dL represents one-half of the Hgb in a child with 10 g/dL but only one-third in a patient 
with 15 g/dL of Hgb. Th us, as Hgb concentration falls, cyanosis becomes apparent only at 
lower oxyhemoglobin saturations. Because Hgb concentration varies in both healthy and 
ill children and throughout life, cyanosis appears at diff erent degrees of desaturation in 
diff erent children and at diff erent times.
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Whereas patients becoming progressively more anemic do not manifest cyanosis until 
their oxygen saturations have fallen substantially, a patient who is polycythemic with a 
Hgb concentration of 20 g/dL, for example, might manifest cyanosis when 92% saturated 
(1.5 g/dL desaturated Hgb) and certainly when 75% saturated (5 g/dL desaturated Hgb). 
It is important to remember that in an anemic patient, a severe degree of oxygen desatu-
ration can occur without cyanosis. Although cyanosis is always a concern, the absence 
of cyanosis is not necessarily reassuring in a patient with respiratory distress.

Th e arterial Hgb oxygen saturation measured with a pulse oximeter is referred to as 
SpO2 to distinguish it from a saturation measurement obtained from an arterial blood 
gas (ABG), which is referred to as SaO2. SpO2 and SaO2 are often used interchangeably 
and are usually almost identical in the absence of signifi cant amounts of carbon mon-
oxide, methemoglobinemia, elevated bilirubin levels, or very poor perfusion.4 A pulse 
oximeter measures SaO2 directly and permits the recognition of decreasing degrees of 
SaO2 before cyanosis becomes visible. Screening newborns using pulse oximetry detects 
degrees of Hgb desaturation indicative of congenital heart disease that may not be obvi-
ous on examination.5

In an ABG sampling, the pH, PCO2, PO2, and SaO2 are determined in addition to 
other values. Depending on the type of ABG analyzer, the SaO2 is measured directly in a 
process called co-oximetry or is calculated based on the pH, PCO2, PO2, and oxyhemoglobin 
dissociation curve.6

 CENTRAL AND PERIPHERAL CYANOSIS
Cyanosis is described as being central or peripheral in origin. Central cyanosis occurs when the 
origin of desaturation is either an oxygenation defect of the lungs or the result of addition of 
venous blood to arterial blood from shunts or mixing lesions in the heart. In central cyanosis, 
the arterial blood leaving the heart is desaturated. Peripheral cyanosis occurs when blood 
leaves the heart and lungs fully saturated, but, from either excessive tissue oxygen extraction 
or sluggish blood fl ow in tissue beds (including some, such as the nail beds or lips, that are 
visible), the venous blood becomes desaturated to the extent that cyanosis becomes evident. 
Whether cyanosis is central or peripheral is a function of the physiologic dysfunction rather 
than where the cyanosis is evident on physical examination.

Acrocyanosis refers to bluish color in the hands and feet and around the mouth (circum-
oral cyanosis). Th e mucus membranes generally remain pink. A form of peripheral cyanosis 
that usually refl ects benign vasomotor changes in the aff ected extremities, acrocyanosis does 
not indicate pathology unless cardiac output is extremely low, resulting in severe venous 
desaturation from increased oxygen extraction.

In the newborn, acrocyanosis is a striking example of cyanosis arising from intense 
peripheral vasoconstriction and variable perfusion in the extremities compared with the 
central circulation.7,8 It is seen in well babies and resolves within the fi rst few days of life.

Acrocyanosis may also occur in infants when they cry, regurgitate, vomit, cough, or hold 
their breath. Th is fi nding is often very alarming to the caregiver who witnesses the event, 
and it requires careful questioning and observation to diff erentiate it from serious underly-
ing pathology (eg, seizure, apneic episode, cardiac arrhythmia, congenital heart defect). Th e 
child with acrocyanosis typically does not have major changes in mental status during the 
event and appears well on physical examination.
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Moderate cold exposure slows the transit time of blood through capillary beds and 
allows for increased unloading of oxygen from the blood to the tissues in infants and 
young children, leading to cyanosis, especially in the lips and perioral region. Th is form 
of acrocyanosis rapidly resolves with warming of the patient.

 OXYGEN CONTENT, DELIVERY, AND TRANSPORT
Because deoxygenated Hgb has a dark blue to purplish color, the higher the concentra-
tion of desaturated Hgb, the bluer the blood and the more cyanotic the patient appears. 
Hgb desaturation and hence cyanosis result from disorders of oxygen uptake, transport, 
and utilization.

In an intact postnatal circulation, venous blood with a saturation of approximately 
75% travels via the pulmonary artery to the pulmonary capillary bed where it becomes 
fully saturated upon exposure to oxygen from the alveolus across the alveolar capillary 
membrane. Fully oxygenated blood returns to the left atrium via the pulmonary veins 
and from there moves through the left ventricle to the aorta.

Oxygen in the blood is either bound to Hgb or dissolved in plasma. Th e amount bound 
to Hgb is refl ected by the oxyhemoglobin saturation, and the amount dissolved in plasma 
is measured by the PaO2. Th e role of oxyhemoglobin saturation on the oxygen content of 
blood is described by the equation

CaO2 � [Hgb] � SaO2 � 1.36 mL/g � 0.003 � PaO2

where CaO2 is the oxygen content, [Hgb] is the concentration of hemoglobin in g/dL, 
SaO2 is the oxyhemoglobin saturation, 1.36 mL/g is the binding capacity for oxygen in 
mL/g of Hgb, and PaO2 is the tension of dissolved (unbound) oxygen in the plasma. 
Approximately 97% of the oxygen in blood is bound to Hgb, leaving only a small amount 
unbound and dissolved in blood. Delivery of oxygen to the tissues is a function of the fl ow 
of blood produced by the systemic ventricle of the heart (cardiac output) and the oxygen 
content of the blood.

In a normal circulation, beyond the neonatal period, arterial blood with an oxyhemo-
globin saturation of 95% to 98% fl ows to capillary beds throughout the body, where in the 
course of traversing the tissue beds approximately 25% of the Hgb-bound oxygen molecules 
are offl  oaded to the tissues. Th is is known as oxygen consumption or utilization. Th e end-
capillary oxyhemoglobin saturation is, on average, about 25% less than at entrance to a 
capillary bed. Some tissues will extract more oxygen and some may extract less. Th e 25% 
diff erence in oxygen content between arterial and venous blood is relatively conserved as long 
as cardiac output is adequate to meet tissue oxygen demands. In tissue beds with reduced 
cardiac output (blood fl ow), a higher proportion of oxygen is drawn from Hgb, resulting 
in greater than 25% extraction.6

Hypoxemia is the term used to describe decreased oxygen tension (PaO2) and satura-
tion (SaO2) of arterial blood. Hypoxia is the state that occurs when inadequate oxygen 
is delivered to tissues with resultant decreased function and a transition to anaerobic 
respiration.9

With oxygenated arterial blood appearing red and deoxygenated venous blood usu-
ally appearing dark red or bluish, the color of a capillary bed becomes a function of the 
relative amounts of arterial and venous blood present in the bed. Th e more deoxygenated 
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Hgb present, the bluer (cyanosed) the capillary bed appears to be. When cardiac output 
to a tissue falls below normal, more than 25% of oxygen may be extracted from each Hgb 
molecule to meet the metabolic requirements of the tissue. Th is increased off -loading 
will result in a decrease in oxyhemoglobin saturation for the end capillary blood and an 
increase in the arterial to venous oxygen content diff erence, thus making cyanosis more 
prominent. As the oxyhemoglobin saturation of the end capillary blood decreases, cyanosis 
becomes obvious.

In cirucmstances in which the Hgb of the arterial blood entering a capillary bed is not 
fully saturated with oxygen, venous blood leaving the capillary bed will be desaturated to 
an even greater degree and the capillary beds will look even more cyanotic. For example, 
if arterial blood enters a capillary bed with an oxyhemoglobin saturation of 85%, the 
resultant venous blood may have an oxyhemoglobin saturation of 60% after the off -loading 
of 25% of oxygen molecules. Th us, the blood in the capillary bed will look cyanotic. 
Th e preservation of an arterial to venous oxygen content diff erence of approximately 
25% is used as a surrogate indicator of adequate cardiac output and tissue oxygen deliv-
ery. In the presence of adequate cardiac output and an appropriate Hgb concentration, 
adequate tissue oxygen delivery can occur even in the presence of signifi cantly desaturated 
or cyanotic arterial blood.

 PULMONARY MECHANISMS OF CYANOSIS
Th e Hgb desaturation of central cyanosis can result from pathology of the airways, lungs, 
heart, or Hgb itself. Normally, Hgb is close to 100% saturated with oxygen when it leaves 
the alveolar capillary unit and slightly less than 100% when it leaves the left ventricle— 
there is a normal, very small amount of venous blood shunted to the blood entering the 
left side of the heart from the lungs. With pulmonary disease, a disturbance of alveolar gas 
exchange may result in desaturated blood entering the pulmonary veins and left atrium. 
Th e desaturation of pulmonary venous blood is a key factor distinguishing desaturation 
caused by pulmonary disease from desaturation caused by congenital heart disease. In 
congenital heart disease, pulmonary venous blood is usually fully saturated even when 
systemic saturations may be very low. Five pathophysiologic mechanisms explain why 
blood does not become fully oxygenated as it travels through the pulmonary alveolar 
capillary beds. Th ese 5 mechanisms of hypoxemia are mismatching of alveolar ventila-
tion to perfusion, intrapulmonary shunt, hypoventilation, diff usion block, and breathing 
hypoxic gas mixtures.10

In patients with parenchymal lung disease such as pneumonia, ventilation-perfusion 
(V/Q) mismatch is the most important mechanism for hypoxemia. For blood to become 
fully oxygenated, the fl ow of blood to an alveolar-capillary unit must match the ventilation 
in the unit. V/Q mismatching occurs when the relationship of alveolar ventilation to capil-
lary bed perfusion is not appropriately balanced. Th e matching of ventilation to perfusion 
is along a continuum. At 1 extreme are alveolar capillary units that are ventilated but not 
perfused; these are described as having dead space ventilation (V/Q � ∞). At the other 
extreme are lung units that are perfused but not ventilated (V/Q � 0); these are described 
as intrapulmonary shunt, occurring when blood travels through the lungs from the right 
side of the heart to the left without being exposed to aerated alveoli. Between the 2 extremes 
is a continuous range of V/Q ratios that, overall, result in a normal ABG. In lung diseases 
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such as acute respiratory distress syndrome, pneumonia, bronchiolitis, pulmonary edema, 
and asthma, most hypoxemia is the result of V/Q mismatching with only a small component 
from intrapulmonary shunt.

Hypoventilation occurs in patients with neurologic, traumatic, pharmacologic, or chemi-
cal suppression of respiratory drive, as well as with suff ocation. A patient who develops 
apnea or acute upper airway obstruction caused by a foreign body will become profoundly 
hypoxemic and very rapidly become cyanotic. Cyanosis associated with viral laryngotracheo-
bronchitis (croup) or pertussis (whooping cough) are examples of hypoventilation-induced 
hypoxemia. Any acquired or congenital abnormality of the airway that obstructs airfl ow 
can potentially cause signifi cant hypoventilation and result in hypoxemia to the extent that 
cyanosis becomes apparent.

Breathing hypoxic gas mixtures occurs when victims are trapped in a hypoxic environ-
ment such as a closed-space fi re or when exposed to high concentrations of gases such as 
methane and helium that are not in themselves toxic but induce hypoxia by displacing 
breathable oxygen. Another example of breathing hypoxic gas is the eff ect of altitude on 
barometric pressure. At higher altitudes, the barometric pressure, and hence the amount of 
oxygen available to breathe, is lower: arterial PaO2 and SaO2 thus fall in proportion to the 
decrease in barometric pressure.

Diff usion block occurs when the interstitial space between the pulmonary capillary and 
the alveolus becomes so thickened or damaged that oxygen cannot move from the alveolus 
to the capillary. Diff usion block is seen with pulmonary fi brosis.

Th e SaO2 of arterial blood depends on the eff ectiveness of oxygen transfer at the alveolar 
level but is also aff ected by the shunting of venous blood into the systemic arterial system 
through the heart or lungs. Th e addition of desaturated venous blood to oxygenated blood 
is called venous admixture and is the mechanism behind intrapulmonary shunt. Th e resultant 
saturation of the arterial blood is proportional to the amount and saturation of the com-
bined blood volumes. It is the SaO2 and oxygen content of the blood volumes that are being 
combined that infl uence the resultant saturation, not the PaO2. Breathing 100% oxygen 
for a prolonged time can partially correct desaturation resulting from alveolar hypoventila-
tion, diff usion block, or V/Q mismatching, but does not correct hypoxemia resulting from 
intrapulmonary shunt.

 PULMONARY VERSUS CARDIAC CYANOSIS
Distinguishing whether a sick newborn or child is cyanotic for pulmonary or cardiac rea-
sons is challenging. Cyanotic heart disease may mimic respiratory disease and vice versa. 
Tachypnea, retractions, nasal fl aring, and grunting point toward a pulmonary cause of 
cyanosis. Patients with anatomic cardiac lesions as the cause of cyanosis are generally some-
what distressed from a respiratory standpoint but to a somewhat lesser extent than found 
with purely respiratory disease. In cyanosis from PPHN, there may be a history of a diffi  cult 
delivery, meconium-stained amniotic fl uid, meconium aspiration, perinatal sepsis, asphyxia, 
and low Apgar scores. Because there is often a component of meconium aspiration pneu-
monia, these newborns demonstrate severe respiratory distress.

Pulse oximetry should be obtained immediately with any suggestion of cyanosis. 
A hyperoxia test (see following text) may help distinguish hypoxemia for respiratory rea-
sons, such as pneumonia or neonatal respiratory distress syndrome, from hypoxemia caused 
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by congenital heart disease or PPHN. Early in life, the PaO2 may increase to greater than 
100 mm Hg in infants with forms of cyanotic heart disease with high pulmonary blood 
fl ow such as total anomalous pulmonary venous return (TAPVR). If there is an inadequate 
rise in PaO2 or oxygen saturation from a hyperoxia test, echocardiography should be 
performed immediately to ascertain the presence or absence of a congenital heart lesion. 
In general, echocardiography should be performed to assess for the possible presence 
of congenital cyanotic heart disease (CCHD) whenever hypoxemia is not responsive to 
supplemental oxygen or mechanical ventilatory support.

 CYANOSIS WITH PULMONARY DISEASE
Lower airway diseases, such as viral bronchiolitis, pneumonia, and status asthmaticus, 
can cause cyanosis from V/Q mismatching and small degrees of intrapulmonary shunt. 
Bronchiolitis, most often caused by respiratory syncitial virus (RSV), is a common disease 
process aff ecting infants in winter months. Th e airways become edematous and infi ltrated 
with infl ammatory cells, ultimately obstructing the lumens. In addition to signs and symp-
toms of respiratory distress such as tachypnea, retractions, grunting, and nasal fl aring, RSV 
bronchiolitis is also associated with apnea that can induce deep cyanosis by hypoventilation.

Pertussis caused by Bordetella pertussis or parapertussis is often associated with cyanosis. 
In the paroxysmal phase, coughing paroxysms without an interceding breath can result in 
deep visible cyanosis. As the illness progresses over time, patients can turn blue after only 
a few coughs.

Upper airway obstruction presents with inspiratory symptoms often manifested as stridor, 
a harsh, sometimes high-pitched sound produced by vibration of upper airway structures 
upon inspiration. An infant with signifi cant upper airway obstruction and stridor often 
demonstrates substernal retractions. Worrisome symptoms are change in voice, muffl  ing or 
hoarseness, and diffi  culty in swallowing and handling secretions.

Croup, usually from infection with the parainfl uenza virus, is the most common cause 
of stridor in children. Less common inciting agents include infl uenza, adenovirus, measles, 
and RSV. Croup usually occurs in children aged 6 months to 3 years. Th e pathophysiology 
involves endothelial damage, mucous production, loss of ciliary function, and edema of the 
subglottic region. Infants present with a history of a preceding upper respiratory infection, 
low-grade fever, characteristic barking cough, and inspiratory stridor. Airway radiographs 
may reveal subglottic narrowing.

Epiglottitis is a life-threatening bacterial infection of the epiglottis and supraglottic 
structures, usually caused by Haemophilus infl uenzae. Patients present with high fever, toxic 
appearance, and stridor. Th e incidence of epiglottitis has decreased signifi cantly since the 
introduction of the Haemophilus infl uenzae vaccine.

Aspiration of foreign bodies is relatively common and can cause severe respiratory distress 
and cyanosis when an object is lodged in the trachea. Foreign body aspiration should be 
suspected in an afebrile infant with acute onset of coughing, choking, stridor, or wheezing. 
Many foreign bodies are not radiopaque, and physicians should thus have a high index of 
suspicion regardless of radiographic fi ndings.

Laryngomalacia, choanal atresia or stenosis, subglottic stenosis, tracheomalacia, bacte-
rial tracheitis, and obstructive sleep apnea are other causes of airway obstruction that may 
present with cyanosis.
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 CYANOSIS WITH HEART DISEASE
Pediatric heart disease of several diff erent types can result in cyanosis. CCHD results in 
cyanosis either from mixing of venous blood with arterial blood through intra- and extra-
cardiac shunts or from insuffi  cient pulmonary blood fl ow.

Heart disease that causes pulmonary venous congestion can result in cyanosis by leading 
to pulmonary edema, which forms when increased left atrial pressure is transmitted back to 
the pulmonary veins and further back to the pulmonary capillary bed. Increased pressure 
on the venous side of the pulmonary capillary bed results in transudation of fl uid from the 
capillary to the interstitium and from there to the alveoli. Th e presence of edema fl uid in 
the alveoli overwhelms the pulmonary lymphatics, deactivates pulmonary surfactant, and 
results in alveolar fl ooding and collapse. Th e resulting ventilation perfusion mismatching 
and intrapulmonary shunt can cause severe hypoxemia and even cyanosis. Diseases that can 
cause cyanosis by this mechanism include mitral stenosis and mitral regurgitation. With 
severe systolic and diastolic dysfunction of the left ventricle, such as may result from acute 
myocarditis, elevated left atrial pressure can lead to the formation of pulmonary edema as 
described above. In dilated cardiomyopathy, the left heart can dilate to the point that the 
mitral valve no longer eff ectively separates the left atrium from the left ventricle and, with 
each systole, there is retrograde fl ow of blood into the left atrium and pulmonary veins, 
leading to pulmonary edema. A similar eff ect occurs when the mitral valve leafl ets are 
damaged by rheumatic heart disease.

A typically noncyanotic heart lesion such as a ventricular septal defect (VSD) can result in 
cyanosis with the development of Eisenmenger syndrome. With a VSD, blood fl ows from the 
left ventricle to the right ventricle because of the lower resistance of the pulmonary vascular 
system. Th ere is no cyanosis. However, if the VSD is unrestrictive to fl ow and the lesion is 
not corrected over time, the extra volume of blood eventually induces hypertrophic changes 
in smooth muscles of the pulmonary arteries with a resultant increase in pulmonary vascular 
resistance. Th e pulmonary vascular resistance may become so high that the shunt reverses 
direction, with blood moving in a right-to-left direction through the VSD. Th is results in 
venous blood mixing with arterial blood in the left ventricle and the development of severe 
desaturation and cyanosis. Fortunately, with early repair of VSDs, Eisenmenger syndrome 
is seen very rarely. It may be seen, however, in parts of the world where access to repair of 
congenital heart lesions is not readily available.

Congenital Cyanotic Heart Disease
Cyanosis in VSD and heart failure as described above is rare; but cyanotic heart disease 
always results in signifi cant cyanosis. An infant with CCHD typically develops cyanosis 
in the fi rst few hours of life. Initially, cyanosis may be noticeable with crying or feeding 
and generally without evidence of respiratory distress. In these lesions, a patent ductus 
arteriosus (PDA) serves either as a means to deliver blood from the aorta to the pulmo-
nary artery so it can be oxygenated in the lungs (left-to-right shunt) or as a means of 
maintaining systemic blood fl ow (right-to-left shunt). In many cases, patients with cyanotic 
heart disease either deteriorate hemodynamically or become progressively more 
cyanotic as the PDA closes.

Th e lesions of CCHD can be placed into diff erent groups. One group, consisting of tetral-
ogy of Fallot (TOF), pulmonary atresia, tricuspid atresia, pulmonic stenosis, and Ebstein 
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anomaly, creates cyanosis by obstructing pulmonary blood fl ow with resultant shunting 
of blood from the right to left side of the circulation. In dextro-transposition of the 
great arteries (d-TGA) and TAPVR, on the other hand, pulmonary blood fl ow may be 
normal or increased, but pulmonary venous return is anatomically separated from the 
systemic arterial circulation. In truncus arteriosus and double outlet right ventricle 
(DORV), there is mixing of arterial and venous blood with consequent cyanosis. Another 
group of lesions includes the left-sided obstructive lesions of hypoplastic left heart syn-
drome (HLHS), critical coarctation of the aorta and interrupted aortic arch that produce 
desaturation because of dependence on right-to-left shunting through a PDA to maintain 
systemic perfusion.

Simultaneous upper and lower extremity pulse oximetry measurements can be diagnostic. 
An SaO2 that is higher in the right arm than in the umbilical artery or lower extremities 
indicates that venous blood has been added to the aorta at the level of the ductus arteriosus 
and is known as diff erential cyanosis. With d-TGA in the presence of pulmonary hypertension 
or coarctation of the aorta, the saturation in the right arm is less than in the lower extremi-
ties because oxygenated blood is added to desaturated blood at the level of the PDA; this is 
called reverse diff erential cyanosis.11

If the patient is not at a facility where echocardiography can be performed, immediate 
transport should be arranged to such a center. Stabilization should include initiation of an 
infusion of prostaglandin E1 (PGE1) at a dose of 0.05 mcg/kg/min if there is any suspicion 
of ductal dependent heart disease. PGE1 dilates the ductus arteriosus to provide adequate 
pulmonary or systemic blood fl ow. In that the benefi ts of prostaglandin are lifesaving and 
the drawbacks minimal, the threshold should be very low for initiating PGE1 therapy until 
ductal dependent heart disease is ruled out. Th e PGE1 infusion can be increased to a dose 
of 0.15 mcg/kg/min if no improvement in saturation and pulses is seen soon after initia-
tion. It is appropriate to administer PGE1 to any infant in whom the diagnosis of CCHD 
is strongly suspected, even before a complete evaluation is performed. Potential side eff ects 
of PGE1 include apnea, jitteriness, seizures, and peripheral vasodilation with hypotension, 
as well as an increased risk of infection. Fluid administration may be necessary if vasodila-
tion leads to hypotension, and respiratory support including intubation may be required if 
signifi cant apnea occurs.12

Abnormalities of the Right Ventricular Outfl ow Tract
Tetralogy of Fallot, the most common congenital heart lesion that can cause cyanosis, con-
sists of VSD, pulmonic stenosis, right ventricular hypertrophy, and an overriding aorta. On 
examination, the systolic murmur of pulmonic stenosis might be appreciated. Chest radio-
graphs reveal normal cardiac size, with a rounded, uplifted apex and concavity at the site of 
the pulmonary artery, a “boot-shaped” heart. Th ere is diminished pulmonary vasculature. 
Electrocardiogram demonstrates right axis deviation and right ventricular hypertrophy.

With TOF, the degree of cyanosis depends on the severity of the right ventricular outfl ow 
tract obstruction. With more severe pulmonic stenosis, right ventricular pressure increases 
and blood is shunted across the septal defect from the right to the left ventricle, bypassing the 
lungs. In infants with mild obstruction, symptoms of heart failure from the large VSD are 
likely to predominate. Other infants may have severe cyanosis on closure of the ductus arte-
riosus. “Tet spells” may occur with vigorous crying or dehydration: aff ected infants initially 
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become hyperpneic and restless as cyanosis increases; the murmur of pulmonic stenosis 
softens and then disappears as pulmonary blood fl ow decreases; and the spell may precipitate 
a syncopal episode. Treatment for an acute tet spell includes putting the patient in a 
knee-to-chest position to increase systemic vascular resistance and administering supple-
mental oxygen, sedation, and a beta blocker. Ultimately, only surgical repair can provide 
consistent pulmonary blood fl ow.

Pulmonary atresia with a VSD is a more severe form of TOF that presents with severe 
cyanosis shortly after birth. With atresia, the prominent murmur of pulmonic stenosis 
characteristic of TOF is absent. If there is suffi  cient pulmonary blood fl ow from collateral 
vessels from the descending aorta (identifi ed by a continuous murmur heard over the back), 
the patient may not require treatment with PGE1.

Neonates with pulmonary atresia and an intact ventricular septum have severe cyanosis 
that progresses as the ductus arterious closes. Patency of the ductus arteriosus is necessary 
for pulmonary blood fl ow in this lesion.

Abnormalities of the Tricuspid Valve
With tricuspid atresia, the only outlet for blood from the right atrium is a patent foramen 
ovale, through which blood travels from the right to the left atrium and then to the left 
ventricle. From the left ventricle, blood fl ows via an unrestrictive VSD to the right ventricle 
and from there to the pulmonary artery. Tricuspid atresia may be associated with normally 
related or transposed great arteries. Saturation, degree of cyanosis, and blood fl ow depends 
on the relationship of the great arteries, the size of the VSD, and the presence or absence of 
pulmonic stenosis. If pulmonary blood fl ow is unobstructed, patients may have tachypnea 
and heart failure with minimal to no cyanosis. Physical examination is signifi cant for an 
increased left ventricular impulse as opposed to other cyanotic heart diseases with an increased 
right ventricular impulse. A murmur may or may not be present depending upon restriction 
of blood fl ow through the VSD (a holosystolic murmur at the left lower sternal border) and 
the semilunar valves (a systolic ejection murmur).

Ebstein anomaly of the tricuspid valve involves the downward displacement of the valve 
leafl ets into the right ventricular cavity. Th e severity of the disease is dependent on the degree 
of displacement and the ability of the remaining portion of the right ventricle to generate 
suffi  cient force to pump blood into the pulmonary arteries. Newborns may have massive 
cardiomegaly on chest radiograph, marked cyanosis, a holosystolic murmur with a gallop 
rhythm, hydrops, and pulmonary artery hypoplasia. Infants with severe disease require 
PGE1 to maintain pulmonary blood fl ow until pulmonary vascular resistance has fallen and 
adequacy of the right ventricle and pulmonary valve can be assessed.

Transposition of the Great Arteries
Transposition of the great arteries (TGA) is the most common cardiac lesion in neonates 
with cyanosis, with a male predominance. Neonates with TGA show severe cyanosis imme-
diately after birth. Th ere are 2 separate parallel circulations with oxygenated blood continu-
ously circulating through the lungs and deoxygenated venous blood becoming increasingly 
deoxygenated as it fl ows through the systemic arterial circulation. Left untreated, aff ected 
neonates progress from cyanosis to tissue hypoxia, acidosis, and death. Unlike neonates with 
other cyanotic congenital heart lesions, these neonates have a normal volume of blood passing 
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through the pulmonary bed. However, because their circulation is separated in parallel, 
neonates with TGA have very little eff ective pulmonary blood fl ow (deoxygenated blood from 
the systemic circulation reaching the pulmonary vascular bed) and little eff ective systemic 
blood fl ow (oxygenated blood that perfuses the systemic bed). Th e degree of mixing between 
the separate circulations depends on the number and size of the anatomic connections. Blood 
may shunt at the atrial, ventricular (if a VSD is present), or ductal level. Th e typical neonate 
with TGA and an intact ventricular septum becomes progressively more hypoxemic as the 
ductus arteriosus closes. Frequently, these neonates are given PGE1 until the atrial commu-
nication through the foramen ovale can be enlarged by balloon atrial septostomy performed 
in the cardiac catheterization laboratory or at the bedside. Clinically, the neonate with TGA 
is likely to appear cyanotic but otherwise healthy, with a weight appropriate for gestational 
age. Reverse diff erential cyanosis is rare but is indicative of TGA and a PDA with an associ-
ated aortic arch anomaly or pulmonary hypertension. In a neonate with TGA and an intact 
intraventricular septum, the chest radiograph may show a narrowed superior mediastinum 
with an egg-shaped cardiac silhouette (egg on a string), mild cardiomegaly, and increased 
pulmonary vascular markings. Surgical repair, typically by arterial switch operation, is often 
undertaken in the fi rst week of life.

Truncus arteriosus is an uncommon lesion characterized by a single arterial trunk that 
originates from the heart and supplies the systemic, pulmonary, and coronary circulations. 
A large VSD is usually present, which allows total mixing of the 2 circulations. Th e degree 
of cyanosis depends on the amount of pulmonary blood fl ow, which is determined by the 
pulmonary vascular resistance and any concurrent pulmonic stenosis. Radiographs usually 
show cardiomegaly.

With TAPVR, pulmonary veins drain ectopically into the systemic venous circuit and 
ultimately into the right atrium, resulting in complete mixing of oxygenated and deoxygen-
ated blood. Th e site of connection can be supracardiac, infracardiac, or cardiac. Maximal 
cyanosis occurs in neonates with an infradiaphragmatic connection, with pulmonary venous 
obstruction, and with a small atrial communication. Auscultation of the heart may not 
reveal any murmurs. Chest radiographs help by demonstrating pulmonary congestion in 
the absence of an enlarged cardiac silhouette.

Critical Left-Sided Obstructive Heart Lesions
Newborns with critical obstructive cardiac lesions, such as critical coarctation of the aorta, 
interrupted aortic arch, and HLHS, often look pale and poorly perfused and may demon-
strate abnormalities in regional oxygen saturation on pulse oximetry. Hypoperfusion from 
insuffi  cient fl ow of blood into the systemic circulation results in hypotension and, with 
inadequate delivery of oxygen to the tissues, progressive metabolic acidosis. With ductal-
dependent systemic circulation, as the ductus arteriosus starts to close, the aff ected patient 
clinically deteriorates. With HLHS, the diminished size and function of the mitral valve, left 
ventricle, aortic valve, and aortic arch result in a severely diminished systemic circulation that 
is dependent on a widely patent ductus arterious to supply blood to the body. In HLHS, not 
only are structures distal to the ductal insertion into the aorta dependent on the ductal fl ow, 
but, given the absence of forward blood fl ow through the aortic valve, the coronary arteries 
and the right arm are also dependent on the ductus via retrograde blood fl ow. Closure of 
the ductus with HLHS often results in rapid cardiac arrest and death.
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In HLHS, the SaO2 refl ects mixing at the atrial level. Venous blood returning from 
the systemic veins mixes in the right atrium with oxygenated blood coming from the left 
atrium via an atrial septal defect. Th is mixed blood then travels through the right ventricle 
to the pulmonary artery and from there to the lungs and to the systemic circulation via the 
PDA. Th e measurement of SaO2 becomes crucial in this circumstance of trying to balance 2 
parallel circulations. In other words, blood in the pulmonary artery of patients with HLHS 
can fl ow either into the low-resistance pulmonary vasculature or into the high-resistance 
systemic vasculature. An ideal saturation in this situation is about 75%, representing an 
approximate balance of blood fl ow into the lungs and into the systemic vasculature. An 
acute rise in saturation could represent a preponderance of blood fl ow into the lungs to the 
detriment of systemic fl ow, resulting in acidosis and signs of systemic hypoperfusion despite 
the higher SaO2.

 CYANOSIS WITH DYSHEMOGLOBINEMIAS
Dysfunctional Hgb that is unable to bind and deliver oxygen adequately is another cause of 
central cyanosis. Methemoglobinemia occurs when the iron in heme is in the 3+ oxidation 
state and cannot bind oxygen. Most often, methemoglobinemia results from the presence 
of an oxidizing substance that changes Hgb Fe2+ to Fe3+, combined with the deactivation of 
the usual process for reducing methemoglobin back to Hgb. Th e only accurate method of 
determining the concentration of methemoglobin is through co-oximetry.13,14

With carbon monoxide poisoning, signifi cant tissue hypoxia can result from the increased 
affi  nity of Hgb for carbon monoxide compared to oxygen. However, cyanosis is not usually 
apparent. Direct determination of oxyhemoglobin and carboxyhemoglobin saturation by 
means of co-oximetry can reveal the true SaO2. Standard pulse oximeters do not accurately 
measure SaO2 in the presence of carbon monoxide, but special pulse oximeters are now 
available to determine carboxyhemoglobin saturation.15

Cyanide binds to the iron of cytochrome a3, not Hgb. Th us, cyanide poisoning does 
not directly cause cyanosis, but results in signifi cant tissue hypoxia from the inhibition of 
oxidative phosphorylation. Even with Hgb 100% saturated, a person with cyanide poison-
ing is not able to use the oxygen that tissues draw from the blood. At the point when suf-
fi cient tissue hypoxia makes the muscles of respiration dysfunctional, cyanosis results from 
hypoventilation.16

 MISCELLANEOUS CAUSES OF CYANOSIS
Occasionally, children with significant gastroesophageal reflux will have paroxysmal 
acrocyanosis (especially perioral cyanosis) in association with brief episodes of limpness, 
stereotypical positioning or tonic clonic motions suggestive of a seizure, or apnea. Th is 
constellation of features is called Sandifer syndrome and often responds to treatment of 
the gastroesophageal refl ux.17

Prolonged generalized seizures are often associated with impaired respiration and can 
result in cyanosis if respiration ceases for a prolonged period.

Neuromuscular disorders causing weakness of respiratory muscles, such as spinal muscular 
atrophy, botulism, congenital myopathies, or metabolic disorders, can result in hypoventila-
tion followed by collapse of lung units that combine to result in hypoxemia that, if severe 
enough can, manifest as cyanosis.
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In cyanotic breath-holding spells children present with a history of crying, typically 
followed by sudden breath-holding in forced expiration with apnea and cyanosis. Th ese 
features may progress to limpness and loss of consciousness. Cyanosis can appear faster 
than anticipated with simple breath-holding, and the loss of tone is often striking. As the 
child resumes normal breathing, the cyanosis resolves. Cyanotic breath-holding spells most 
commonly occur around 1 year of age with a range of 6 months to 4 years. Up to 15% of 
cases may have an initial episode before the age of 6 months. 

 CYANOSIS IN THE NEWBORN
Acrocyanosis of the hands and feet is common in the fi rst 6 to 24 hours of life and is 
usually of little signifi cance in an otherwise well newborn. Central cyanosis persisting 
beyond the fi rst few minutes of life may indicate inadequate oxygen delivery and neces-
sitates further evaluation. Newborns can have cyanosis over the lower half of the body in 
the presence of right-to-left shunting across a PDA. Newborns with persistent cyanosis 
or hypoxemia despite oxygen administration may have CCHD, primary lung disease, or 
pulmonary artery hypertension.

In utero, the fetus is markedly cyanotic because the placental circulation provides blood 
with an SaO2 ranging from only 50% to 65% (PaO2 18–25 mm Hg). Even at this low 
saturation, oxygen delivery in the fetus is adequate for growth and development because of 
a high concentration of Hgb and the presence of fetal Hgb (Hgb F), which binds oxygen 
with a greater affi  nity than Hgb A. In utero, there is only minimal blood fl ow through the 
pulmonary artery into the lungs; instead, blood is shunted via the ductus arteriosus, the 
patent foramen ovale, and other anatomic channels from the right heart to the systemic 
circulation. At birth, with separation from the placenta and a rapid drop in pulmonary vas-
cular resistance, blood fl ows from the right ventricle through the pulmonary artery and into 
the pulmonary capillary beds, where it is exposed to oxygen in the air. Within the fi rst few 
breaths, the lungs become an extremely effi  cient gas exchange organ resulting in SaO2 levels 
suffi  cient for the newborn to transition from cyanotic to centrally pink. In a healthy neonate, 
oxygen saturations continue to rise slowly over the initial few minutes of extrauterine life. 
Th e postductal oxygen saturations are usually lower than the preductal saturations for as 
long as 15 minutes, indicating persistence of elevated pulmonary vascular resistance with 
resultant mixing of venous blood in the aorta at the level of the ductus arteriosus. In the 
absence of a substantial pulmonary or cardiac defect, the arterial saturation continues to 
rise, and simultaneously, the channels that shunt blood from right to left in utero will close. 
By 24 hours of age, an Hgb oxygen saturation of less than 95% in the lower extremities is 
abnormal and warrants further investigation.5

In the period following birth, the persistence of Hgb F, with its higher affi  nity for oxy-
gen, results in a leftward shift of the oxyhemoglobin dissociation curve so that cyanosis is 
observed only at lower oxygen tensions: 32 to 42 mm Hg, corresponding to saturations of 
75% to 85%. Th us, in the presence of Hgb F, a greater degree of hypoxemia is required for 
cyanosis to be visible.

Th e best method for assessing cyanosis in a newborn is to look at the tongue. If central 
cyanosis persists for more than a few minutes after birth, a search for the cause should be 
undertaken. Comparing arterial blood saturation proximal to and distal to the entrance 
of the ductus ateriosus into the aorta is helpful in determining the origin of cyanosis in a 
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newborn. In the presence of right-to-left shunting of blood through a PDA, blood in the 
aorta at the level of the ductal entry and more distally (left arm and lower extremities) is 
relatively desaturated from the admixture of venous blood entering the aorta via the PDA. 
In contrast, blood in the aorta proximal to the level of the PDA (right arm) will be more 
fully saturated because of a greater contribution of well-oxygenated blood that has returned 
to the left atrium and left ventricle via the pulmonary veins.

Hyperoxia Test
In the presence of cyanosis, oxyhemoglobin desaturation, or low PaO2, a hyperoxia test 
should be performed in a newborn to determine if the problem is with pulmonary oxygen-
ation, from an anatomic shunting of blood through the PDA, or an intracardiac lesion.8 
In pulmonary causes of cyanosis or hypoxemia, there should be a signifi cant increase in 
SaO2 and PaO2 with administration of 100% oxygen. A PaO2 of less than 100 mm Hg in 
an enriched-oxygen environment is a strong indicator of CCHD or PPHN, and an 
echocardiogram should be obtained to evaluate for congenital heart disease. With a heart 
lesion in which some pulmonary blood fl ow is present, there can be a signifi cant increase 
in PaO2 or SaO2 during a hyperoxia test. A PaO2 greater than 250 mm Hg makes cyanotic 
heart disease unlikely, but a PaO2 of 100 to 250 mm Hg does not completely rule out 
CCHD and warrants further investigation. When performing a hyperoxia test, simultane-
ous determinations of preductal and postductal SaO2 or PaO2 should be made to delineate 
the presence of a right-to-left ductal shunt or other shunting pattern. If desaturation is pres-
ent, and especially if there is not a signifi cant improvement in saturation with administra-
tion of 100% oxygen, the consultation of a neonatologist or pediatric cardiologist should 
be sought.

Persistent Pulmonary Hypertension of the Newborn
In PPHN, high residual pulmonary vascular resistance reduces pulmonary artery blood fl ow 
to the lungs with concomitant persistence of shunting from the right to the left side of the 
circulation through the ductus arteriosus and foramen ovale. Th is is known as persistence 
of fetal circulation, and the oxygen content of blood in the left atrium is decreased as a 
result of mixing desaturated venous blood that has crossed the foramen ovale with whatever 
oxygenated blood has managed to traverse the pulmonary capillary bed. Th e blood leaving 
the left ventricle becomes further desaturated when mixed with blood entering the aorta 
through the ductus arteriosus, having bypassed gas exchange in the lungs. With blood distal 
to the ductal entrance to the aorta being more desaturated than the preductal blood, the 
oxyhemoglobin saturation measured by pulse oximetry or ABG in the right arm may be 
higher than in the left arm or legs; this is known as diff erential oxyhemoglobin saturation 
or diff erential cyanosis.

Newborn Screening for Congenital Cyanotic Heart Disease
Current recommendations by the American Academy of Pediatrics state that newborns 
should be screened by pulse oximetry prior to discharge from the newborn nursery to 
ascertain the possible presence of CCHD that otherwise might be missed. Studies have shown 
that by 24 hours of life, an oxyhemoglobin saturation of less than 95% is not normal and 
supportive of a cyanotic or mixing cardiac lesion. A newborn should have oxyhemoglobin 
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saturation measured in the right arm and in 1 leg at 24 hours of life, and if there is a gradient 
in saturation or if the saturation is 95% or lower, an echocardiogram should be obtained 
prior to discharge.18–20

AAP POLICY STATEMENTS

Greer FR, Shannon M; American Academy of Pediatrics Committee on Nutrition, Committee on 
Environmental Health. Infant methemoglobinemia: the role of dietary nitrate in food and water. Pediatrics. 
2005;116(3):784–786. Reaffi  rmed April 2009 (pediatrics.aappublications.org/content/116/3/784)

Kattwinkel JM, Perlman JM, Aziz K, et al. Neonatal resuscitation: 2010 American Heart Association guidelines 
for cardiopulmonary resuscitation and emergency cardiovascular care. Pediatrics. 2010;126(5):e1400–e1413 
(pediatrics.aappublications.org/content/126/5/e1400)

Mahle WT, Newburger JW, Matherne GP, et al. Role of pulse oximetry in examining newborns for congenital 
heart disease: a scientifi c statement from the AHA and AAP. Pediatrics. 2009;124(2):823–836 (pediatrics.
aappublications.org/content/124/2/823)

REFERENCES
1. Stack AM. Etiology and evaluation of cyanosis in children. http://www.uptodate.com/contents/

etiology-and-evaluation-of-cyanosis-in-children. Updated November 19, 2013. Accessed November 
25, 2014

2. Lundsgaard C, Van Slyke DD. Cyanosis. Medicine. 1923;2:1
3. Goss GA, Hayes JA, Burdon JG. Deoxyhaemoglobin concentrations in the detection of central cyanosis. 

Th orax. 1988;43:212–213
4. Jubran A. Pulse oximetry. In: Tobin MJ, ed. Principles and Practice of Intensive Care Monitoring. New 

York, NY: McGraw-Hill; 1998:261–287
5. Mahle WT, Newburger JW, Matherne GP, et al. Role of pulse oximetry in examining newborns for 

congenital heart disease: a scientifi c statement from the AHA and AAP. Pediatrics. 2009;124(2):823–836
6. West JB. Normal physiology: exercise. In: Pulmonary Physiology and Pathophysiology: An Integrated, 

Case-Based Approach. Philadelphia, PA: Lippincott Williams & Wilkins; 2001:1–15
7. Lissauer T, Steer P. Size and physical examination of the newborn infant. In: Fanaroff  AA, Fanaroff  JM, 

eds. Care of the High-Risk Neonate. 6th ed. Philadelphia, PA: Elsevier; 2013:105–131
8. Sasidharan P. An approach to diagnosis and management of cyanosis and tachypnea in term infants. 

Pediatr Clin North Am. 2004;51:999–1021
9. Lumb AB. Hypoxia. In: Nunn’s Applied Respiratory Physiology. 6th ed. Philadelphia, PA: Elsevier; 

2005:334–341
10. West JB. Acute respiratory failure. In: Pulmonary Physiology and Pathophysiology: An Integrated, Case-Based 

Approach. Philadelphia, PA: Lippincott Williams & Wilkins; 2001:125–143
11. Phelps CM, Th rush PT, Cua CL. Th e heart. In: Fanaroff  AA, Fanaroff  JM, eds. Care of the High-Risk 

Neonate. 6th ed. Philadelphia, PA: Elsevier; 2013:368–409
12. Tabbut S, Helfaer MA, Nichols DG. Pharmacology of cardiovascular drugs. In: Nichols DG, Ungerleider 

RM, Spevak PJ, et al, eds. Critical Heart Disease in Infants and Children. 2nd ed. Philadelphia, PA: 
Mosby; 2006:173–203

13. Greer FR, Shannon M; American Academy of Pediatrics Committee on Nutrition, Committee on 
Environmental Health. Infant methemoglobinemia: the role of dietary nitrate in food and water. 
Pediatrics. 2005;116(3):784–786

14. Curry SC. Hematologic consequences of poisoning. In: Shannon MW, Borron SW, Burns MJ, eds. 
Haddad and Winchester’s Clinical Management of Poisoning and Drug Overdose. 4th ed. Philadelphia, PA: 
Saunders; 2007:289–300

15. Lavonas EJ. Carbon monoxide poisoning. In: Shannon MW, Borron SW, Burns MJ, eds. Haddad and 
Winchester’s Clinical Management of Poisoning and Drug Overdose. 4th ed. Philadelphia, PA: Saunders; 
2007:1297–1307

http://www.uptodate.com/contents/etiology-and-evaluation-of-cyanosis-in-children
pediatrics.aappublications.org/content/116/3/784
pediatrics.aappublications.org/content/126/5/e1400
pediatrics.aappublications.org/content/124/2/823


Cyanosis 159

16. Hall AH. Cyanide and related compounds—sodium azide. In: Shannon MW, Borron SW, Burns MJ,
eds. Haddad and Winchester’s Clinical Management of Poisoning and Drug Overdose. 4th ed. Philadelphia, 
PA: Saunders; 2007:1309–1316

17. Jung AD. Gastroesophageal refl ux in infants and children. Am Fam Physician. 2001;64:1853–1860
18. Kemper AR, Mahle WT, Martin GR, et al. Strategies for implementing screening for critical congenital 

heart disease. Pediatrics. 2011;128:e1259–e1267
19. Peterson C, Ailes E, Riehle-Colarusso T, et al. Late detection of critical congenital heart disease among

US infants: estimation of the potential impact of proposed universal screening using pulse oximetry.
JAMA Pediatr. 2014;168:361–370

20. Mahle WT, Martin GR, Beekman RH, Morrow WR; American Academy of Pediatrics Section
on Cardiology and Cardiac Surgery Executive Committee. Endorsement of Health and Human
Services recommendation for pulse oximetry screening for critical congenital heart disease. Pediatrics. 
2012;129:190–192





161

Chapter 14

Depression
Lawrence S. Wissow, MD, MPH

Symptoms of depression aff ect many children, including a large number whose symptoms 
do not rise to the level of a disorder. It is estimated that in the United States up to 3% 
of children younger than 13 years and up to 6% of adolescents experience depression at 
any given time. Estimates of lifetime prevalence of major depressive disorder (MDD) are 
signifi cantly higher at up to 20%.1

Depression may remit on its own or after treatment but recur spontaneously at times of 
developmental transitions or with new stressors (both positive and negative). Depression is 
among the mental health problems associated with suicidal ideation, suicide attempts, and 
completed suicide. Other associated problems include negative eff ects on school performance, 
early pregnancy, and impairment of function in the work, social, and family environments.2 
Risk factors for the development of depression among children and adolescents include fam-
ily history (heritability is approximately 40%), adverse childhood experiences, temperment/
neuroticism, and the existence of a major nonmood disorder or a chronic or disabling medical 
condition.3 Children who seem depressed may have relatives who have also experienced depres-
sion or other mental disorders. Finding such a history may reinforce the need to thoroughly 
evaluate concerns about the child, especialy if there is a family history of suicide. Knowing 
that there are other family members who have experienced the same problems can increase 
emphathy for the child’s problems and may well provide role models for successful treatment.

Th ere is some evidence that either initial onset or recurrence of depression may be pre-
ventable. Nurturing care during the critical fi rst years of life, warm and confi ding family 
relationships, learning active coping strategies for predictable stressors, promoting a sense 
of self-effi  cacy through learning to work through problems, and trying to maintain regular 
patterns of sleep and exercize may all be protective. If parents have mental health problems 
(especially depression), helping children understand and cope with changing parental mood 
and behavior may help prevent children themselves becoming depressed. If a child or youth 
has received treatment for depression, continuing treatment beyond the early stages of 
recovery is associated with a reduced risk of relapse or recurrence.

Th e guidance in this chapter applies to the care of children presenting with undiff erenti-
ated depression in pediatric clinical settings. It is based on the work of the World Health 
Organization, whose recommendations may be updated annually. Th e most up-to-date 
information can be found at www.who.int.

 FINDINGS SUGGESTING DEPRESSION
Th ough depression may come on without an apparent trigger, even among those who seem 
highly successful and privileged, it can often develop after 1 or more stresses or losses, or in 

http://www.who.int
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conjunction with prolonged anxiety. Most children and adolescents will experience an event 
that induces sadness, such as breakup with a friend, the death of a loved one or pet, or other 
losses resulting from life changes such as a move, a family member’s military deployment, or 
parents’ separation. A sadness experience of greater intensity or duration than is typical for 
the child’s peers is a cause for concern and may indicate depression. Symptoms of depres-
sion vary. A summary of the symptoms and clinical fi ndings that suggest depression can 
be found in Box 14-1. For those familiar with the symptoms of depression in adults, it is 
important to remember that, among children, irritability may be a more prominent symp-
tom than sadness. In some cases, withdrawal from usual activities or decreased interaction 
with friends and family may be the only obvious sign, possibly coupled with a change in 
appetite, sleep, or level of energy. Symptoms may be elicited from either parents or youth, 
but ideally from both. Children and youth may be better able to report on feelings that 
do not result in behavior change that is obvious to others; on the other hand, children and 
youth may not be aware of how their appearance or behavior has changed in ways that are 
apparent to others. Ideally, reports should be obtained from both youth and parents if there 
is a suspicion of depression.

 TOOLS TO ASSIST WITH IDENTIFICATION
Since many children do not spontaneously disclose their symptoms, standardized psychoso-
cial screening instruments may be used to identify children with symptoms of depression. 
Several instruments have versions to collect information from the youth, parents, and teach-
ers. Table 14-1 provides examples of general psychosocial screening results suggesting that a 

Box 14-1

Symptoms and Clinical Findings Suggesting 
Depression
INDICATIONS FROM HISTORY FROM 
YOUTH OR PARENT

• Low or sad mood present most days
• Loss of interest in school or other activities 

present most days
• Loss of pleasure in activities formerly enjoyed 

(When is last time he/you had fun?)
• Suicidal thoughts or acts
• Irritability (especially in adolescents)
• Academic diffi  culties
• Withdrawal from friends and family
• Physical symptoms such as headaches, 

abdominal pain, trouble sleeping, fatigue, 
or poor control of a chronic illness

• Hopelessness
• Poor concentration
• Poor or excessive sleep for developmental stage

• Weight loss (or failure to gain weight 
normally) or excessive weight gain

• Low self-esteem
• Loss of energy
• Agitation or slowing of movement or 

speech 

RISK FACTORS FOR INCREASED 
SUSCEPTIBILITY

• Adverse childhood experiences (eg, mother 
experienced postpartum depression)

• Prior trauma or bereavement
• Family breakdown
• Shy personality
• Peer relationship problems
• Breakup of a relationship; setback or 

disappointment 
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child may be depressed. Additional instruments such as the Patient Health Questionnaire for 
Adolescents (PHQ-A) or PHQ-A Depression Screen, Beck Depression Inventory-Primary 
Care (also known as Fast Screen), or the Modifi ed Patient Health Questionnaire-9 (PHQ-9) 
can also be used to screen adolescents for depression or to help confi rm fi ndings of a general 
psychosocial screening.

It is important to diff erentiate the use of these tools as screening instruments at routine 
visits versus their use to refi ne concerns that have already been raised. When used as screen-
ing tools, they tend to have relatively low sensitivity and positive predictive value. Th at is, 
positive results need further discussion to understand the meaning of the result, and negative 
results may not be reassuring if the parent or youth are truly concerned. When used to fol-
low up on existing concerns, results still need discussion with families, but are more likely 
be a fair indicator of the nature and severity of the child’s problems. Th e use of a functional 
assessment tool such as the Strengths & Diffi  culties Questionnaire (SDQ) or Columbia 
Impairment Scale (CIS) will assist the clinician in determining whether the child’s func-
tioning is signifi cantly impaired by the symptoms. Use of a tool to assess the impact of the 
child’s problem on other members of the family may also be helpful; the Caregiver Strain 
Questionnaire (CGSQ) is one example.

 ASSESSMENT
Assessment begins by diff erentiating the child’s symptoms from normal behavior. All children 
may be sad or irritable at times, but, for some children, these symptoms limit their adapt-
ability to normal peer and family situations, interfere with learning, or precipitate suicidal 
thoughts. Of particular concern is major depressive disorder (MDD); DSM-5 criteria for 
MDD are summarized in Box 14-2.

Table 14-1
General Psychosocial Screening/Results 

Suggesting Depression
SCREENING INSTRUMENT  SCORE SUGGESTING DEPRESSION

Pediatric Symptom 
Checklist (PSC)-35

• Total score �24 for children 5 years and younger.
• �28 for those 6–16 years.
• �30 for those 17 years and older.
AND
• Further discussion of items related to depressive symptoms 

confi rms a concern in that area. 

PSC-17 • Internalizing subscale is �5.
AND
• Further discussion of items related to depressive symptoms 

confi rms a concern in that area.

Strengths & Diffi culties 
Questionnaire (SDQ)

• Total symptom score of �19.
• Emotional symptom score of 7–10 (see instructions at www.sdqinfo

.com).
• Impact scale (back of form) score of 1 (medium impairment) or �2 

(high impairment).
AND
• Further discussion of items related to depression confi rms a concern 

in that area.

http://www.sdqinfo.com
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Th ere are also some conditions that may mimic or co-occur with depression. Table 14-2 
provides a summary of these conditions.

For a child with symptoms of depression, the psychosocial assessment process always 
includes determination of suicide risk, as described in Box 14-3.

Box 14-2

Criteria for Major Depressive Episode (DSM-5)
A. Five (or more) of the following symptoms 

have been present during the same 2-week 
period and represent a change from previ-
ous functioning; at least 1 of the symptoms 
is either depressed mood or loss of interest 
or pleasure. Note: Do not include symp-
toms that are clearly attributable to another 
medical condition.
1. Depressed mood most of the day, nearly 

every day, as indicated by either subjec-
tive report (eg, feels sad, empty, hope-
less) or observation made by others 
(eg, seems tearful). Note: In children 
and adolescents, can be irritable mood.

2. Markedly diminished interest or plea-
sure in all, or almost all, activities most 
of the day, nearly every day (as indi-
cated by either subjective account or 
observation).

3. Signifi cant weight loss when not dieting 
or weight gain (eg, a change of more 
than 5% of body weight in a month), or 
decrease or increase in appetite nearly 
every day. Note: In children, consider 
failure to make expected weight gain.

4. Insomnia or hypersomnia nearly every day.
5. Psychomotor agitation or retardation 

nearly every day (observable by others, 
not merely subjective feelings of rest-
lessness or being slowed down).

6. Fatigue or loss of energy nearly every day.
7. Feelings of worthlessness or excessive or 

inappropriate guilt (which may be delu-
sional) nearly every day (not merely 
self-reproach or guilt about being sick).

8. Diminished ability to think or concen-
trate, or indecisiveness, nearly every day 
(either by subjective account or as 
observed by others).

9. Recurrent thoughts of death (not 
just fear of dying), recurrent suicidal 

ideation without a specifi c plan, or a 
suicide attempt or a specifi c plan for 
committing suicide.

B. Th e symptoms cause clinically signifi cant 
distress or impairment in social, occupational, 
or other important areas of functioning.

C. Th e episode is not attributable to the 
physiologic eff ects of a substance or to 
another medical condition. Note: Criteria 
A–C represent a major depressive episode.

  Note: Responses to a signifi cant loss (eg, 
bereavement, fi nancial ruin, losses from a 
natural disaster, a serious medical illness or 
disability) may include the feelings of 
intense sadness, rumination about the loss, 
insomnia, poor appetite and weight loss as 
noted in Criterion A, which may resemble 
a depressive episode. Although such symp-
toms may be understandable or considered 
appropriate to the loss, the presence of a 
major depressive episode in addition to 
the normal response to a signifi cant loss 
should also be carefully considered. Th is 
decision inevitably requires the exercise 
of clinical judgment based on the individ-
ual’s history and the cultural norms for 
the expression of distress in the context 
of loss.

D. Th e occurrence of the major depressive epi-
sode is not better explained by schizoaff ec-
tive disorder, schizophrenia, schizophreni-
form disorder, delusional disorder, or other 
specifi ed and unspecifi ed schizophrenia 
spectrum and other psychotic disorders.

E. Th ere has never been a manic episode 
or a hypomanic episode. Note: Th is 
exclusion does not apply if all of the 
manic-like or hypomanic-like episodes 
are substance-induced or are attributable 
to the psychological eff ects of another 
medical condition.

From American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, DC: 
American Psychiatric Publishing; 2013, with permission.
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Table 14-2
Conditions That May Mimic or Co-occur 

With Depression
CONDITION RATIONALE

Sleep 
deprivation

Sleep problems can cause irritability and labile mood; conversely, depression may 
contribute to diffi culty sleeping.

Somatic 
complaints

Depressed children may present with a variety of somatic complaints (eg, gastro-
intestinal symptoms, headaches, chest pain). Conversely, acute or chronic medical 
conditions or pain syndromes may cause depression.

Learning 
problems or 
disabilities

If symptoms of depression are associated with problems of school performance, 
the child may be experiencing learning diffi culties. See Chapter 49, Learning 
Diffi culty, to explore this possibility.

Exposure to 
adverse child-
hood experi-
ences (ACE)

Children who have experienced or witnessed trauma, violence, a natural disaster, 
separation from a parent, parental divorce or separation, parental substance use, 
neglect, or physical, emotional, or sexual abuse are at high risk of developing emo-
tional diffi culties such as adjustment disorder, post-traumatic stress disorder (PTSD), 
and depression. Denial of trauma symptoms does not mean trauma did not occur; 
questions about ACE should be repeated as a trusting relationship is established. 
See also Chapter 6, Anxiety.

Maltreatment Children who have experienced neglect or physical, emotional, or sexual abuse are 
at high risk of developing emotional diffi culties such as depression; this possibility 
should always be considered.

Anxiety Depression often co-occurs with anxiety. See Chapter 6, Anxiety.

Bereavement Most children will experience the death of a family member or friend sometime 
in their childhood. Other losses may also trigger grief responses—separation or 
divorce of parents, relocation, change of school, deployment of a parent in military 
service, breakup with a girlfriend or boyfriend, or remarriage of parent. Such losses 
are traumatic. They may result in feelings of sadness, despair, insecurity, or anxiety 
immediately following the loss and, in some instances, more persistent anxiety 
or mood symptoms or disorders. Furthermore, they may make the child more 
susceptible to impaired functioning at the time of subsequent losses. See also the 
discussion of PTSD in Chapter 6, Anxiety.

Physical 
illness and 
medication 
side effects

Medical issues that can mimic or provoke symptoms of depression include hypothy-
roidism, lupus, chronic fatigue syndrome, diabetes, and anemia. Children with any 
chronic medical condition are more likely to experience depression than their peers 
(and depression may contribute to poor management of the condition). Medica-
tions commonly used in adolescence can be associated with depression (eg, acne 
preparations, oral contraceptives, interferon, corticosteroids).

Substance use Children with symptoms of depression may self-medicate with alcohol, nicotine, or 
other drugs. Conversely, children using substances may manifest depression and 
deteriorating school performance. See Chapter 75, Substance Use: Initial Approach 
in Primary Care.

Conduct or 
oppositional 
disorders

Oppositional children may manifest depressive symptoms. Children with conduct 
problems are at higher risk for suicide. See Chapter 16, Disruptive Behavior and 
Aggression.

Psychosis Depression can be complicated by problems with thinking that go beyond the distortions 
or hopelessness of low mood. These problems include delusions (ie, strongly held and 
usually odd false beliefs about others, one’s body, or one’s self), paranoia (ie, strongly felt 
and unjustifi ed concerns that others are following or intend harm), or hallucinations (ie, 
seeing or hearing things that others don’t hear or see). Individuals often don’t volunteer 
that they are having these sorts of thoughts; asking is important if the person’s interac-
tions seem unusual. (Do you ever feel your eyes or ears play tricks on you?)

Continued



Signs and Symptoms in Pediatrics166

Table 14-2
Conditions That May Mimic or Co-occur 

With Depression
CONDITION RATIONALE

Bipolar 
disorder

Adults and older adolescents with bipolar disorder may have markedly varying low 
mood (depression) or high mood (mania), cycling over weeks or months. Diagno-
sis of bipolar disorder in children remains controversial. It may be considered in 
children who cycle through low and high moods very rapidly and in children with 
explosive or destructive tantrums, dangerous or hypersexual behavior, aggression, 
irritability, bossiness with adults, driven creativity (sometimes depicting graphic 
violence), excessive talking, separation anxiety, chronic depression, sleep distur-
bance, delusions, hallucinations, psychosis, and talk of homicide or suicide. See 
also Chapter 45, Inattention and Impulsivity, Chapter 16, Disruptive Behavior and 
Aggression, and Chapter 6, Anxiety.

Box 14-3

Determining Suicide Risk
Are there others in the family (present or past 
generations) who have had depression or bipolar 
disorder or who have attempted suicide? Teens 
and parents may need opportunities to answer 
these questions confi dentially because this is 
information that is not always shared among 
family members. Positive responses—especially 
a family history of suicide—increase concern. 
Other risk factors include substance use, a 
model among peers or famous individuals 
known to the youth, or a recent traumatic or 
shameful episode. A past attempt by the youth 
is the single strongest risk factor for future at-
tempts and may warrant mental health referral 
for the current episode if the youth is not in 
ongoing care.

Th e severity of suicidal thoughts can be 
assessed with several questions (eg, Bright 
Futures, page 276) and tools (eg, SAD 
PERSONS; GLAD-PC). Examples include 
the following:
• “Have you ever felt bad enough that you 

wished you were dead?”
• “Have you had any thoughts about wanting 

to kill yourself?”
• “Have you ever tried to hurt or kill yourself 

or come close to hurting or killing yourself?”
• “Do you have a plan?”

• “Do you have a way to carry out your 
plan?”
One way of approaching suicidality is 

to think of your inquiry as a staged process. 
A signifi cant minority of adolescents have 
transient suicidal thoughts or what psychia-
trists call “passive death wishes”—thoughts 
that perhaps death would be a way out of 
problems or stresses but without thinking 
of a way to harm themselves. Absent the risk 
factors discussed above, these youth likely 
need exploration of stressors and assessment 
for depression or other mental health prob-
lems. A smaller group will have thought about 
ways of harming themselves but without a 
concrete plan or making any preparations. 
Again, absent past attempts, ongoing stressors, 
or substance use, these youth need support 
and further evaluation but are not at high 
risk of harming themselves. Youth with plans 
for harming themselves (no matter what the 
likelihood of success) or who have gathered 
or identifi ed the means (ropes, medications, 
knives or other weapons) are at high risk of 
harming themselves. Th ey require both a 
short-term plan for safety and an urgent men-
tal health evaluation. For more information, 
see Chapter 68, Self-harm. 

—cont’d
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 PLAN OF CARE FOR YOUTH WITH DEPRESSION
Suicidal intent is an emergency requiring immediate treatment and close supervision of 
the youth at all times. Th e care of a youth experiencing depression can begin in the primary 
care setting from the time symptoms are recognized, even if the youth’s symptoms do not 
rise to the level of a disorder and regardless of whether referral to a mental health specialist 
is ultimately part of the care plan.

Engage Youth and Family in Care
Without engagement, most families will not seek or persist in care. Th e process may require 
multiple primary care visits.4

Reinforce strengths of the youth and family (eg, good relationships with at least 1 parent 
or important adult, prosocial peers, concerned or caring family, help-seeking, connection to 
positive organizations) as a method of engagement and identify any barriers to addressing 
the problem (eg, stigma, family confl ict, resistance to treatment). Use “common factors” 
techniques5 to build trust and optimism, reach agreement on incremental next steps, develop 
a plan of care, and collaboratively determine the role of the primary care physician. Regardless 
of other roles, the primary care physician can encourage a positive view of treatment on the 
part of the youth and family.

Provide Psychoeducation
Depression is very common and not the result of lack of coping ability or personal 
strength. Th ere is often a family history of the condition; talking about this may reduce 
stigma and increase empathy and a willingness to seek care, but may also be met 
with resistance. To assist family members in understanding the disorder, additional 
points to highlight include that the youth is not making the symptoms up, what 
looks like laziness or crossness can be symptoms of depression, and the hopelessness 
of depression is a symptom, not an accurate reflection of reality. However, this 
negative view of the world and of future possibilities can be hard to penetrate. In addi-
tion, the clinician can emphasize that treatment works, though it can take several weeks 
for improvement, and the aff ected individual is often the last person to recognize that 
it has taken place.

Families should be encouraged to address risk factors for maintenance of depres-
sion and for the risk of suicidal acts. Weapons should ideally be removed from the 
home or secured, and a careful survey should be made for potentially lethal medications 
or household chemicals including pesticides. Suicidal and depressive thoughts can be 
spread through social networks and, increasingly, through social media. Electronic com-
munication has been found, paradoxically, to promote isolation at the same time as it 
seems to be increasing connectedness. Th ough not often easy, parents can be helped to 
both monitor and limit the use of e-mail, texts, and social media posts until the child 
has recovered.

Th e clinician may also, at this point, talk about how there is a variety of treatments for 
depression including various forms of psychosocial care, and, for teens, medications. It may 
be useful to ask about what the teen and family have thought of or heard about treatment; 
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in that way, the clinician can discover if they are anxious that the discussion is leading to a 
suggestion they would not be willing to accept.

Encourage Healthy Habits
Encourage exercise, outdoor play, healthy diet, sleep, limiting screen time, 1-on-1 time with 
parents, praise for positive behavior, and acknowledgment of the youth’s strengths. Caring 
for oneself can be presented honestly as therapeutic. One can “prescribe pleasure” by telling 
youth and families that caring for oneself, including engaging in activities that previously 
were pleasurable, is not weakness but rather an important part of self-care, just as athletes 
need to rest or stretch in addition to testing their limits in workouts.

Reduce Stress
Consider the youth’s social environment (eg, family social history, parental depression screen-
ing, results of any family assessment tools administered, reports from child care or school). 
Questions to raise might include the following:
• Are there grief and loss issues in the youth or other family members? Grief and loss are virtu-

ally universal childhood experiences. Children vary widely in their reactions to these 
events, depending on their developmental level, temperament, prior state of mental 
health, coping mechanisms, parental responses, and support system. Also helpful can be 
supportive counseling; explaining to children and adolescents what they might reason-
ably expect; inviting them to participate in the funeral or other ceremonies to the level 
they feel comfortable; active listening while allowing the child or adolescent to express 
his or her grief; providing guidance about the grief process; and identifying and ad-
dressing feelings of guilt. When a parent is also grieving, children and adolescents may 
need time alone with the clinician because they may be reluctant to increase parental 
sadness. Providing follow-up to see how the child and family are coping with a loss can 
help gauge how the family is doing and provide opportunities to assess for more serious 
reactions such as complicated bereavement, depression, or PTSD. Providing referral to 
community resources may also be helpful. Th e eff ects of profound losses, such as the 
death of a sibling or parent during childhood or removal from parents, last a lifetime. 
Th e clinician will need to view all future physical and mental health issues in the family 
through the prism of this loss. Overlooking such experiences and failing to follow up on 
the child and family’s progress after a traumatic event are lost opportunities to connect 
with the child and family around important mental health issues. 

• Is the youth or family experiencing unusual stress? Th e family can work to try to reduce 
stresses and increase support for the youth. Th is may involve reasonable and short-
term changes in demands and responsibilities, including negotiating extensions for 
assignments or other ways of reducing stress at school; it can also include seeking help 
for others in the family who are distressed. If a parent is grieving a loss or manifesting 
symptoms of depression, it is particularly important that the parent address his or her 
own needs and fi nd additional support for the youth and other family members. 

• Are there weapons or medications in the house? Guns should be removed from the home; 
other weapons, medications (including over-the-counter preparations and acetamino-
phen), and alcohol should be removed from the home, destroyed, or secured. In farm 
communities, there may be toxic products (such as insecticides or fertilizers) that may 
need to be secured. Depressed individuals should be dissuaded from operating dangerous 
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machinery or engaging in other activities that require care and normal risk aversion to 
avoid injury.

Offer Initial Intervention(s) to Address the Depression Symptoms
Th e strategies described in the following text are common elements of evidence-based psy-
chosocial interventions for depression in children and adolescents. Th ey are applicable to 
the care of children with mild or emerging depressive symptoms and to those with impair-
ing symptoms that do not rise to the level of a disorder. Th ey can also be used as initial 
management of children with a depressive disorder while readying them for or awaiting 
access to specialty care.

Help the youth to develop cognitive and coping skills. Find agreement with the youth and 
family on a description of the problem. Many negative thoughts can be empathetically chal-
lenged and looked at from another perspective. Helpful metaphors include, “Long journeys 
start with a single step” and “Th e glass is half full, not half empty.” Relaxation techniques 
and visualization (eg, practicing relaxation cued by a pleasant memory, imagining being in 
a pleasant place) can be helpful for sleep and for anxiety-provoking situations. Th e clini-
cian can also ask the youth what he or she does to feel better or relax and, if appropriate, 
prescribe more of that (behavioral activation). Encourage a focus on strengths rather than 
weaknesses and doing more of what the youth is good at. Distraction is also good therapy—if 
the youth is ruminating on a particular stressor, give permission to think about or engage 
with something else.

Help the youth to develop problem-solving skills. Determine what small achievable act 
would help the youth feel that he is on the way to overcoming his problems. Suggest that 
the youth list diffi  culties, prioritize them, and concentrate eff orts on one issue at a time. 
Avoid downplaying social crises that are important to the young person even if, from an 
adult perspective, they seem trivial. Instead, off er to help the young person evaluate the 
options as he sees them, seeking, if there is an opening, permission to off er alternatives that 
may not have been raised.

Rehearse behavior and social skills. Reactions to particular situations or people often seem 
to trigger or maintain low mood. If these can be identifi ed, assist the youth in developing and 
practicing means of avoidance or alternative responses. Practice doing things and thinking 
thoughts that improve mood.

Create a safety and emergency plan. Developed in partnership with the family, a treat-
ment plan includes a listing of telephone numbers to call in the event of a sudden increase 
in distress. Th is listing should be specifi c to the child’s community and circumstances (eg, 
the number for a suicide or depression hotline, on-call telephone number for the practice, 
or area mental health crisis response team contact information. Th e family should also be 
instructed to proactively remove lethal means and monitor for suicide risk factors such as 
increased agitation, stressors, loss of rational thinking, expressed wishes to die, previous 
attempts, and comorbid conduct disorder or aggressive outbursts.

Provide Resources
Helpful handouts and Web sites are included in Tools for Practice: Engaging Patient and 
Family at the end of this chapter. Provide the family with contact numbers and resources 
in case of emergency.
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Monitor the Youth’s Progress Toward Therapeutic Goals
Child care, preschool, or school reports can be helpful in monitoring progress. Screening 
instruments that gather information from multiple reporters (youth, parent, teacher), such as 
the SDQ and PSC, can be helpful in monitoring progress with symptoms and functioning.

It is important for the clinician to work with the family to understand that it is not 
uncommon for treatment to be successful for a period and then seem to lose eff ectiveness. 
Th is can happen when there are new stresses or demands, or when, after a period of success, 
there has been a letup on treatment. If troubleshooting existing treatment and ways of deal-
ing with new stresses does not help get function back to baseline, new treatments, or new 
diagnoses, need to be considered. In particular, as school demands increase, learning issues 
may need to be considered even if they were not seen as contributing problems in the past.

Involve Specialist(s)
Involve specialist(s) if the youth does not respond to initial interventions or if indicated by 
the following clinical circumstances:
• A preadolescent child manifests depression or suicidal ideation.
• An adolescent with depressive symptoms has made a prior suicide attempt, developed a 

plan (especially with means available), or known a friend or acquaintance who has com-
mitted suicide.

• An adolescent’s functioning is signifi cantly impaired.
• Symptoms are threatening the achievement of developmentally important goals (eg, 

attending school or spending time with friends.
• Th e adolescent has mental health comorbidities such as substance use or odd behavior 

suggestive of an emerging psychotic disorder.
• Th e adolescent also has symptoms of bipolar disorder—elevated (often more driven rath-

er than positive) mood and energy associated with irritability and behavior that seems 
audacious for his or her age (grandiosity).

• Depressive symptoms were preceded by serious trauma.
For youth with a diagnosis of moderate to severe MDD, data indicate superior effi  cacy 

of a combination of cognitive behavior therapy (CBT) and a selective serotonin reuptake 
inhibitor (SSRI) compared with either CBT alone (which may not be suffi  ciently helpful for 
these more severe cases) or an SSRI alone.6 Th us, youth with MDD would ideally receive 
treatment from a licensed therapist with training in CBT (see following text). 

When specialty care is needed, ensure that it is evidence-informed and assist the family in 
accessing it. A variety of evidence-based and evidence-informed psychosocial interventions, 
and some pharmacologic interventions, are available for the treatment of depressive disorders 
in children and adolescents. Ideally, those referred for care in the mental health specialty 
system would have access to the safest and most eff ective treatments. Table 14-3 provides a 
summary of these interventions. Youth referred for mental health specialty care complete the 
referral process only 61% of the time, and a signifi cantly smaller number persist in care.7,8 
Approaches to improving the referral process include making sure that the family is ready 
for this step in care, that they have some idea of what the specialty care will involve, and that 
they understand what the physician’s ongoing role may be. If the specialty appointment is 
not likely to occur shortly, the physician can work with the child and family on a plan to 
manage the problem as well as possible in the meantime.
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Reach agreement on respective roles in the youth’s care. If the youth is referred to mental 
health specialty care for a depressive disorder, his or her primary care physician may be 
responsible for initiating medication or adjusting doses; monitoring response to treatment; 
monitoring adverse eff ects; engaging and encouraging the youth’s and family’s positive 
view of treatment; and coordinating care provided by parents, school, medical home, and 
specialists. In fact, the youth may improve just knowing that the clinician is involved and 
interested. Resources available to help clinicians in these roles are provided in Tools for 
Practice: Medical Decision Support.

Note that not all evidence-based interventions may be available in every community. If 
a particular intervention is not available, this becomes an opportunity to collaborate with 
others in the community to advocate on behalf of children. Increasingly, states off er both 
telepsychiatry services and consultation/referral support “warmlines” that help physicians 
provide initial treatment and locate resources. Th e availability of the latter form of help is 
tracked at www.nncpap.org.

Table 14-3
Psychosocial and Psychopharmacologic Treatments 

for Depression (as of November 2014)a

PSYCHOSOCIAL TREATMENTS

CLUSTER AREA  LEVEL 1 (BEST SUPPORT)  LEVEL 2 (GOOD SUPPORT) 

Depressive or 
withdrawn 
behaviorsb

• Cognitive behavior therapy (CBT)
• CBT and medication
• CBT with parents (includes par-

ent and child, focusing on the 
child’s concerns)

• Family therapy

• Client-centered therapy
• Cognitive behavioral psychoeducation
• Expressive writing/journaling/diary
• Interpersonal therapy
• Relaxation

Suicidalityb None • Attachment therapy
• Counselors care
• Counselors care and support training
• Interpersonal therapy
• Multisystemic therapy
• Psychodynamic
• Social support

US FOOD AND DRUG ADMINISTRATION–APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONSc

DIAGNOSTIC 
AREA 

PSYCHOPHARMACOLOGIC 
INTERVENTION

Major depressive 
disorder (MDD) 

Selective serotonin reuptake inhibitor (SSRI) (fl uoxetine and escitalopram are 
currently the only drugs approved by the FDA for treating MDD among youth). 
There are data that indicate superior effi cacy of combination CBT and SSRI 
versus CBT or SSRI alone. 

aFor AAP policy, please visit pediatrics.aappublications.org/site/aappolicy.
b Excerpted from PracticeWise Evidence-Based Child and Adolescent Psychosocial Interventions. 
Reprinted with permission from PracticeWise. For updates and an explanation of PracticeWise 
determination of evidence level, please visit www.aap.org/mentalhealth.

c For up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to 
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm.

http://www.aap.org/mentalhealth
http://www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm
http://www.nncpap.org
pediatrics.aappublications.org/site/aappolicy
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Childhood Depression: What Parents Can Do to Help (fact sheet), American Academy of 

Pediatrics (www.healthychildren.org/English/health-issues/conditions/emotional-problems/
Pages/Childhood-Depression-What-Parents-Can-Do-To-Help.aspx)

• Help Stop Teenage Suicide (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/health-issues/conditions/emotional-problems/Pages/Help-
Stop-Teen-Suicide.aspx) 

• Teen Suicide, Mood Disorder, and Depression (handout), American Academy of Pediatrics 
(patiented.solutions.aap.org) 

• Ten Th ings Parents Can Do to Prevent Suicide (fact sheet), American Academy of Pedi-
atrics (www.healthychildren.org/English/health-issues/conditions/emotional-problems/
Pages/Ten-Th ings-Parents-Can-Do-to-Prevent-Suicide.aspx)

Medical Decision Support
• Patient Health Questionnaire (PHQ) Screeners (screen), Pfi zer, Inc (www.phqscreeners.com)
• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.

org/psychiatry/services/psc_forms.aspx) 
• Strengths & Diffi  culties Questionnaire (screen), Youth in Mind, Ltd (www.sdqinfo.com)
• Adapted SAD PERSONS (screen), American Academy of Pediatrics (pediatrics.

aappublications.org/content/125/Supplement_3/S195.full.pdf )
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Chapter 15

Diarrhea and Steatorrhea
Martin H. Ulshen, MD

Diarrhea, similar to vomiting, is a common symptom in young children, especially during 
infancy. Loosely defi ned, diarrhea is characterized by an increase in the frequency and water 
content of stools. Normal daily stool volume varies with the size of the child. Adults and 
older children have a normal daily stool weight up to 250 g (consisting of 60%–85% water); 
infants weighing fewer than 10 kg can have about 5 g/kg/day of stool. An intermediate range 
of 50 to 75 g/day is an appropriate approximation for the preschool-aged child. In infancy, 
the frequency and quality of normal stools depend very much on diet.

During the fi rst weeks of life, breastfed infants commonly have up to 8 loose stools per 
day, which, at times, may contain mucus. Th ese stools frequently follow feedings, as a result 
of the gastrocolic refl ex, and do not constitute diarrhea. Infants receiving cow milk or soy 
formula usually have fi rmer and somewhat less frequent stools. After the fi rst few weeks of 
life, normal breastfed infants tend to have less frequent stools, occasionally even less than 
once a week, although the stools remain soft. Commonly, the stool of the nursing infant 
becomes fi rm when solids or cow milk is introduced into the diet.

Steatorrhea signifi es an excess of fat in the stool and is a symptom of malabsorption. 
However, disorders associated with malabsorption, such as gluten-sensitive enteropathy, do 
not always produce steatorrhea. Stools that contain an increased quantity of fat can be greasy, 
bulky, and foul smelling; however, with mild steatorrhea, the stool may appear normal. Th e 
stool can be evaluated quickly for fat content by using light microscopy with Sudan staining 
(known as qualitative analysis for stool fat). Fat excretion can be measured more precisely 
by quantitative chemical analysis of a 72-hour collection of stool. A record of the diet is 
kept during this period, and fat intake is calculated. Th e percentage of the ingested fat that 
is absorbed is called the coeffi  cient of absorption.

Fat Intake Fat Output
Fat Intake

100
�

 � 

Absorption of fat by infants varies with the type of fat that is fed and with the maturity 
of the infant. A healthy premature infant may absorb as little as 65% to 75% of dietary 
fat, but this amount improves to 90% in the term infant. Furthermore, neonates absorb 
vegetable fat much more effi  ciently than butterfat but human milk fat best of all. Children 
and adults typically absorb at least 95% of the fat in a normal diet.

 PATHOPHYSIOLOGIC FACTORS
Advances in the understanding of the pathophysiologic mechanism of diarrhea allow a more 
rational approach to diagnosis and treatment. Normally, the gastrointestinal tract processes 
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a large volume of fl uid (Figure 15-1 lists adult data). An infant can rapidly become fl uid 
depleted from diarrhea when such large gastrointestinal fl uid shifts take place each day. 
Under normal circumstances, about 90% of fl uid absorption takes place in the small bowel. 
However, the colon has a reserve capacity for fl uid absorption that must be overcome before 
diarrhea results. In adults, the colon can reabsorb as much as 2 L of ileal fl uid daily without 
diarrhea occurring.

Movement of water across the gastrointestinal tract mucosa is passive, following osmotic 
gradients created by electrolytes and other osmotically active solutes such as glucose and amino 
acids. Nutrients are absorbed by active transport, facilitated transport, or passive diff usion; 
some solutes fi rst require digestion to simpler compounds. Th e fl ux of electrolytes across the 
mucosa is bidirectional. Th e net result of absorption and secretion of these osmotically active 
solutes is net water retention or loss in the stool. In this sense, diarrhea can be considered the 
result of either malabsorption or net secretion of osmotically active substances.

Many nutrients, including glucose and most amino acids, are absorbed by active, carrier-
mediated transport, which is coupled with sodium transport. Th e osmotic gradient created 
promotes the absorption of water. Movement of water, in turn, also carries small solutes such 
as sodium and chloride. Th is process is known as solvent drag and appears to be an important 
route for sodium absorption during normal digestion. Th ese mechanisms of sodium move-
ment associated with carrier-mediated nonelectrolyte transport are important to preserve 

Mouth and esophagus

Duodenojejunal
fluid load 9–10

Jejunal 
absorption 5–6

Ileal 
absorption 2–3

Colonic
absorption 0.5–1.5

Fecal volume 0.1–0.2

Diet 2–3

Saliva 1

Gastric juices 2

Bile 1
Pancreatic juice 2

Succus entericus 1

Stomach

Extracellular fluid

  Figure 15-1
 Ingestion, secretion, and absorption of water in the gastrointestinal tract of an adult. Numbers refer to 
liters of water.
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normal fl uid and electrolyte balance during some episodes of diarrhea (see discussion on 
oral rehydration).

Active absorption of chloride in exchange for bicarbonate takes place in the ileum and 
colon. Potassium moves passively along electrochemical gradients in the small intestine, but 
both active absorption and secretion of potassium occur in the colon. Th e permeability of 
the intestinal mucosa to passive fl uid and electrolyte movement is high in the duodenum 
and proximal jejunum and decreases distally to the ileum and colon, which are poorly 
permeable. Th is feature allows the proximal intestinal contents to equilibrate rapidly with 
the isotonic extracellular fl uid and facilitates the rapid absorption of water and small solutes 
by diff usion (ie, solvent drag). Conversely, the ileum and colon are poorly permeable and 
are able to absorb water and sodium against high electrochemical gradients.

Th e pathophysiologic mechanisms for diarrhea fall into 4 basic groups1,2: osmotic diar-
rhea, diarrhea resulting from secretion or altered absorption of electrolytes, exudative diarrhea, 
and diarrhea resulting from abnormal intestinal motility. Each mechanism has unique clinical 
characteristics and requires a diff erent therapeutic approach. Th erefore, for the physician con-
sidering an individual patient who has diarrhea, this framework provides a rational approach 
for both diagnosis and treatment. Frequently, more than one mechanism of diarrhea will be 
involved in an episode of diarrhea, but this variation will be apparent in the evaluation.

Osmotic Diarrhea
Th e ingestion of a poorly absorbable, osmotically active substance and its presence in the 
bowel lumen create an osmotic gradient that encourages movement of water into the lumen 
and subsequently into the stool. Electrolyte losses increase because electrolytes will follow 
water into the lumen through solvent drag and will tend not to be reabsorbed because of 
unfavorable electrochemical gradients.

Two main groups of poorly absorbed solutes exist, the ingestion of which result in 
osmotic diarrhea. Th e fi rst group includes normal dietary components that may be malab-
sorbed either transiently or permanently. For example, disaccharides are usually hydrolyzed 
to monosaccharides before they are absorbed. If a mucosal disaccharidase (eg, lactase) is 
defi cient, then the disaccharide (in this case lactose) will be malabsorbed and will represent 
an osmotic load that will produce diarrhea. Similarly, monosaccharides may, at times, be 
poorly absorbed. Medium-chain triglycerides are also osmotically active and may lead occa-
sionally to diarrhea when ingested in high concentration, such as when infants who have 
compromised mucosal function are given an elemental formula containing medium-chain 
triglycerides. Malabsorption of long-chain triglycerides (LCTs) does not lead to osmotic 
diarrhea because LCTs are large hydrophobic molecules and therefore have little osmotic 
activity. Malabsorption of LCTs, however, may lead to secretory diarrhea, as described later 
in this chapter. In addition, any osmotically active solute may produce diarrhea in healthy 
persons if given in quantities great enough to surpass the intestinal capacity for absorption. 
Th us some infants whose bowel function is normal will not tolerate the high osmolality of 
an elemental formula, especially if it is undiluted. Similarly, older children may develop 
functional gastrointestinal symptoms, including diarrhea, from ingesting large amounts of 
fructose in fruits and juices.3 Patients who have decreased mucosal surface area may have 
decreased functional capacity and resultant osmotic diarrhea, a problem seen in infants 
after small bowel resection. Protein malabsorption does not appear to be associated with 
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diarrhea, except in the rare instance of congenital trypsinogen or enterokinase defi ciency. 
For example, Hartnup syndrome, with its malabsorption of primary amino acids, is not 
associated with diarrhea.

Th e second group of poorly absorbed solutes includes substances that are transported in 
limited amounts, even by healthy individuals. Th is group includes magnesium, phosphates, 
and sulfates. Because these ions invariably lead to diarrhea when given in large enough 
quantities, they are used as cathartics. Th e introduction of lactulose in the treatment of 
hepatic encephalopathy takes advantage of its being a nondigestible disaccharide that leads 
to acidifi cation of colonic contents by bacterial fermentation of nonabsorbed sugar. Its side 
eff ect is diarrhea. In fact, lactulose has become a popular alternative for the treatment of 
constipation. Sorbitol, an artifi cial sweetener, causes osmotic diarrhea when ingested in 
large quantities.

Th e key characteristic of an osmotic diarrhea is its association with the ingestion of the 
off ending solute. When a patient who has an osmotic diarrhea is given no oral or enteral feed-
ing, the diarrhea will stop dramatically within 24 hours or less. If the agent is reintroduced, 
as in a lactose tolerance test, the diarrhea will reappear. Th e diarrhea is of a moderate volume 
compared with that in secretory diarrhea. Th e sodium and potassium ion concentrations in 
the stool fl uid are useful in establishing a diagnosis. As ileal and colonic sodium absorption 
continue to function against a concentration gradient, stool sodium concentration will be 
lower than it is in the plasma. Normally, the electrolyte concentration in the stool is roughly 
twice its combined sodium and potassium concentration. When this number is much less 
than the total stool osmolality (usually about 290 mOsm/kg), osmotically active nonelec-
trolytes must be in the stool, and osmotic diarrhea is present.4 An osmotic gap of more than 
50 mOsm/kg indicates osmotic diarrhea. In some instances, the physician may be able to fi nd 
the osmotic component in the stool, such as a reducing substance in lactose malabsorption.

Diarrhea Secondary to Secretion or Altered Electrolyte 
Absorption (Secretory Diarrhea)
Under normal circumstances, opposing active and passive secretory and absorptive processes 
result in normal luminal electrolyte and water content. Secretory diarrhea occurs when a 
physiologic electrolyte secretory process is pathologically stimulated. Under such circum-
stances, a net increase in luminal electrolytes and, subsequently, a secondary increase in water 
occur. In addition, an associated decrease in absorptive processes may occur. Th e electrolytes 
that have been implicated are sodium, chloride, and perhaps bicarbonate. Diarrhea also 
may result from a decrease in active electrolyte absorption in the absence of any change in 
secretory function. Distinguishing increased electrolyte secretion from decreased absorption 
is clinically diffi  cult; the results are similar.

Th e prototype for a secretory diarrhea is cholera. Cholera enterotoxin increases intes-
tinal secretion of chloride and inhibits the absorption of sodium by stimulating surface 
epithelial adenylate cyclase, leading to an increase in cellular levels of cyclic 3’5’-adenosine 
monophosphate. Th e intestinal mucosa appears normal during cholera infection, without 
evidence of cell necrosis, infl ammation, or local bacterial invasion; and other cell absorptive 
functions remain normal. Th e normal absorption of glucose provides a route for second-
ary sodium absorption; as a result, oral glucose- and electrolyte-containing solutions have 
gained wide use in the management of cholera. A growing number of infectious agents may 
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be associated with secretory diarrhea. Toxigenic Escherichia coli produces at least 2 entero-
toxins that activate adenylate cyclase or guanylate cyclase. Infantile diarrhea resulting from 
enterotoxigenic E coli is well known. Other bacteria that have been associated with stimula-
tion of intestinal secretion are strains of Shigella, Salmonella, Yersinia, Klebsiella, Clostridium 
perfringens, Staphylococcus aureus, and Pseudomonas species. Experimental work with viral 
enteritis suggests that this diarrhea has a signifi cant secretory component.5 With rotavirus 
infection, secretion is the result of viral enterotoxin and only secondarily of damage to villous 
epithelial cells in the small intestine and repopulation of the villi with immature crypt cells.6

Noninfectious causes of secretory diarrhea exist as well. Malabsorbed bile acids and 
long-chain fats have been shown to stimulate a colonic secretory diarrhea.7 Certain prosta-
glandins have been shown to activate adenylate cyclase and produce intestinal secretion in 
experimental models. Because prostaglandins are released during infl ammation, researchers 
have hypothesized that diarrhea associated with certain infl ammatory states may be caused 
by these hormones. Th is hypothesis is a particularly appealing way to explain the small bowel 
secretion that may take place with chronic infl ammatory bowel disease. Prostaglandins have 
also been suggested as possible mediators for the activation of adenylate cyclase by Salmonella 
organisms in the absence of an enterotoxin. Secretory diarrhea may occur in association 
with increased levels of certain gastrointestinal hormones, most notably vasoactive intestinal 
polypeptide (VIP).

Isolated decrease of electrolyte absorption is much less frequent. Th e best-known example, 
although extremely rare, is congenital chloride-losing diarrhea. Th is autosomal recessive 
abnormality results from the apparent lack of normal, active chloride absorption by the 
distal small intestine. Great quantities of chloride are lost in the stool and lead to diarrhea 
from birth onward. A metabolic alkalosis results, in contrast to other causes of diarrhea.

Th e stool in secretory diarrheas tends to be watery and large in volume. Unlike osmotic 
diarrhea, secretory diarrhea persists despite discontinuing oral intake. Th e stool electrolyte 
concentration (ie, twice the sum of the sodium and potassium concentrations) is about equal to 
the stool water osmolality because no signifi cant osmotic nonelectrolyte component is present.4

Exudative Diarrhea
A break in the integrity of the mucosal surface of the intestine can result in water and electro-
lyte loss, driven by hydrostatic pressure in blood vessels and lymphatics. Th e exudate contains 
mucus, protein, and blood cells. Examples include infectious, allergic, or ulcerative colitis.

Motility Diarrhea
Th e intestine has a cyclical, orderly pattern of motility. Increased, decreased, or disordered 
movement can lead to diarrhea. Rapid intestinal transit often occurs in association with 
osmotic and secretory diarrheas. Increased intraluminal volume has been implicated in stimu-
lating increased peristaltic action. Increased motility may cause diarrhea by allowing less time 
for the contact of intraluminal contents with absorptive surfaces. When bowel function is 
compromised, as with short bowel syndrome, the time of contact with the limited function-
ing surface may be a crucial factor. In irritable bowel syndrome, disordered motility may also 
play a role.8 Slowed transit and severely disordered motility lead to intraluminal stasis. In the 
normal bowel, steady, progressive movement of chyme is one of the mechanisms that prevents 
the development of bacterial overgrowth, whereas stasis encourages overgrowth. Certain 
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bacteria deconjugate bile acids in the upper small bowel and produce fat malabsorption. In 
addition, bacterial proteases may damage the small bowel surface. Stasis may result from 
an anatomic obstruction, as well as from functional motor disorders. Disordered motility 
frequently is an associated factor in chronic infl ammatory bowel disease. Stools associated 
with motility diarrhea, except those secondary to fatty acid malabsorption, tend to be small 
in volume. Th e response to feeding is variable, and the gastrocolic refl ex may be heightened. 
Patients who have chronic infl ammatory bowel disease may fi nd that meals stimulate intes-
tinal activity, resulting in postprandial abdominal cramps and bowel movements.

 ACUTE DIARRHEA
Acute diarrhea is common in children, is transient and usually self-limited, and is caused 
most often by infection. In the United States, children in the fi rst few years of life average 
1 or 2 episodes per year.9 For most diarrheal infections, the incidence is greatest before 
4 years of age. Th e role of the physician is to rule out causes that require specifi c treatment, 
to advise parents in supportive management, and to provide follow-up for possible compli-
cations. Box 15-1 lists some of the more frequent causes of acute diarrhea categorized by 
the usual presentation with or without gross blood in the stool. Transmission of diarrheal 
organisms is commonly by food, water, person-to-person spread, or exposure to animals 
at home, fairs, and petting zoos. Child care centers are likely sites for the spread of enteric 
pathogens. Pathogens that have been associated with epidemics include Giardia lamblia, 
rotavirus, Norovirus, Shigella, Campylobacter, Cryptosporidium, and C diffi  cile organisms.10–13

BOX 15-1

Causes of Acute Diarrhea
USUALLY WITHOUT BLOOD IN STOOL

• Viral enteritis rotavirus, orbivirus, norovi-
ruses, other caliciviruses, enteric adenovirus, 
astrovirus, sapoviruses

• Enterotoxin E coli, Klebsiella organisms, 
cholera, C perfringens, Staphylococcus organ-
isms, Bacillus cereus, and Vibrio species

• Parasitic Giardia, Cryptosporidium, Cy-
clospora, Dientamoeba fragilis, and Blastocys-
tis hominis organisms

• Extraintestinal infection otitis media and 
urinary tract infection

• Antibiotic-induced and C diffi  cile toxin 
(without pseudomembranous colitis)

COMMONLY ASSOCIATED WITH 
BLOOD IN STOOL

• Bacterial Shigella, Salmonella, and Campylo-
bacter organisms, Yersinia enterocolitica, 

invasive E coli, gonococcus (venereal 
spread), enteroadherent E coli, enteroaggre-
gative E coli, Aeromonas hydrophilia, and 
Plesiomonas shigelloides

• Cytomegalovirus (especially in immuno-
compromised individuals)

• Amebic dysentery, Trichuris trichiura 
(whipworm)

• Hemolytic uremic syndrome (enterohem-
orrhagic E coli—E coli O157:H7 and 
other Shiga toxin-producing E coli )

• Henoch-Schönlein purpura
• Pseudomembranous enterocolitis 

(C diffi  cile toxin)
• Ulcerative or granulomatous colitis (acute 

presentation)
• Necrotizing enterocolitis (neonates)
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Neonatal Diarrhea
Neonates with acute diarrhea must be considered diff erently from older infants and children 
because of both lower tolerance to the associated fl uid shifts and the greater likelihood of 
severe infection or of a congenital anomaly. In addition, signs of necrotizing enterocolitis, 
including gastric retention (frequently bilious), distention, and occult or bright red blood 
in the stool, should raise concern. Although this disease usually occurs in premature infants, 
it also has been reported in full-term infants. Th e presence of pneumatosis intestinalis, gas 
in the portal vein, or free intraperitoneal gas seen on abdominal radiographs supports this 
diagnosis. Epidemics of diarrhea associated with rotavirus, enteropathogenic E coli, salmonel-
lae, and other organisms, including Klebsiella organisms, have been reported in nurseries. If 
the onset of diarrhea is associated with initial feedings, then the physician should consider 
congenital digestive defects, especially sugar intolerance. Hirschsprung disease may produce 
acute diarrhea and enterocolitis in the neonatal period and should be considered, especially 
in the infant who has not passed meconium in the fi rst 24 hours. Bloody diarrhea that results 
from cow milk or soy protein intolerance may develop as early as the fi rst few days of life. 
Resolution and exacerbation on removal and reintroduction of cow milk or soy formula, as 
well as an atopic family history, are clues to the diagnosis.

Differential Diagnosis in the Older Infant and Child
Most episodes of acute diarrhea are transient and benign. On the initial visit, the physician 
must evaluate the course in terms of both possible causes and the status of hydration. Th e 
diarrhea is usually the result of viral enteritis, typically occurring with low-grade fever, vomit-
ing, and frequent watery stools. Generally, the stools are without blood or white blood cells. 
Enterotoxin-producing organisms (eg, toxigenic E coli) are associated with watery stools and 
are without evidence of mucosal invasion (no high fever or blood in the stool). G lamblia 
produces watery diarrhea associated with intestinal gas and crampy abdominal pain. Diarrhea 
in association with extraintestinal infections, most notably otitis media and pyelonephritis, 
has been called parenteral diarrhea; its mechanism is obscure. An associated viral enteritis 
may occur in some cases of otitis media. Certain antibiotics, especially ampicillin, have been 
associated with transient diarrhea. Less common but of greater danger is antibiotic-associated 
pseudomembranous colitis,10 which may occur acutely or as a more chronic illness of 1 or 
2 months’ duration.14 C diffi  cile toxin, the cause of most cases of pseudomembranous colitis, 
may also be associated with chronic childhood diarrhea in the absence of colitis.15

Th e presence of blood in the stool, especially with symptoms of colonic involvement 
(tenesmus, urgency, and crampy lower abdominal pain), should make the physician think 
of infection with Campylobacter, Shigella, or Salmonella organisms or with C diffi  cile toxin-
associated pseudomembranous colitis. Th e symptoms of dysentery may be less striking with 
Salmonella. When the Shigella is an enterotoxin-producing organism, watery diarrhea may 
actually precede the onset of dysentery.

Patients who have Shigella organisms tend to appear severely ill and may have meningismus 
or seizures. Th e stools tend to be foul smelling. Up to 40% of individuals who have Guillain-
Barré syndrome have evidence of a Campylobacter infection occurring before the onset of 
neurologic symptoms.16 Yersinia enterocolitis also may be associated with blood in the stool, 
but Yersinia appears to be incriminated less commonly as an etiologic agent in the United 
States. E coli can produce diarrhea by several pathogenic mechanisms; the enteroadherent, 
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enteroinvasive, enterohemorrhagic, and enteroaggregative forms can all be associated with 
blood in the stool.17 Hemolytic uremic syndrome is the result largely of enterohemorrhagic 
E coli (especially Shiga toxin–producing E coli O157:H7) and less commonly Shigella infections.

Amebiasis is unusual in the United States, but Entamoeba histolytica can produce a picture 
of acute colitis. Causes of bloody diarrhea that are not obviously infectious include intussus-
ception and immune defi ciencies. Chronic infl ammatory bowel disease can produce an initial 
episode of acute dysentery, although the history may reveal previous episodes; arthralgia or 
growth failure may have preceded the diarrhea. A history of recent similar diarrheal illness 
in family members or friends suggests an infectious diarrhea.

Food-borne spread of organisms or toxins is an important cause of acute diarrheal illness.18 
Improperly prepared poultry and eggs are the major source for both campylobacteriosis and 
salmonellosis, and the major source for E coli O157:H7 infection is ground beef. Preventive 
measures include safe food-handling practices, pasteurization of in-shell eggs, and irradiation of 
ground meat and raw poultry. Explosive diarrhea after ingesting seafood is likely from infection 
with Vibrio species. Outbreaks of norovirus have occurred on cruises ships as well as college 
campuses.19,20 Th e most common pathogens causing food-borne illness are listed in Box 15-2.

Evaluation
At the initial evaluation (Box 15-3), the physician should establish the quantity of the diar-
rhea, the child’s ability to maintain oral intake, and the presence of associated vomiting. On 
physical examination, the state of hydration should be estimated. Th e presence of tears and 
saliva is usually evidence of adequate hydration, but the most reliable reassurance comes 
from a normal heart rate and a brisk capillary refi ll. A simple guideline to hydration is that 
the absence of tears and the presence of a dry mouth suggest 5% dehydration; the addition 
of sunken eyes, sunken fontanelle, and poor skin turgor suggests 10% dehydration. Shock 
indicates at least 15% dehydration. In the presence of hypernatremia, the state of dehydra-
tion is typically more severe than suggested on physical examination inasmuch as extracel-
lular fl uid volume tends to be preserved at the expense of intracellular volume. A recorded 
weight is essential; it can be compared with previous weights and will also be available to 
reevaluate the state of hydration during the illness. Information about the frequency and 
quantity of urination is important. A history of good urine output is reassuring. Parents 
may underestimate or overestimate urine output (frequency and volume), especially when 
urine becomes mixed with liquid stool.

BOX 15-2

Top 5 Pathogens Causing Domestically Acquired 
Food-Borne Illnesses (CDC 2011 Estimates)a

• Norovirus
• Salmonella, nontyphoidal
• C perfringens

• Campylobacter species
• S aureus

a Th e top fi ve pathogens from among 31 pathogens known by the Centers for Disease Control and Prevention (CDC) 
to cause food-borne illness. However, unspecifi ed agents account for 80% of the annual number of food-borne illnesses 
estimated by the CDC.21,22
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A stool culture should be obtained if blood or leukocytes are noted in the stool 
and the child is severely ill. Examination of the stool for leukocytes is helpful in 
establishing the presence of colitis. In the presence of both infectious and noninfec-
tious colitis, white blood cells (WBCs) are usually found in high numbers, frequently 
in sheets. Polymorphonuclear leukocytes usually account for at least 60% to 80% of 
the cells; the presence of only occasional cells is considered a negative finding. The 
absence of WBCs in grossly bloody diarrheal stool occurs with enterohemorrhagic 
E coli infection but should also direct attention to entities such as intussusception 
and Meckel diverticulum when these diagnoses seem clinically appropriate. Amebic 
colitis also may not be associated with WBCs in the stool, although the trophozoites 
and numerous red blood cells may be visible on a saline wet mount preparation of 
the stool. Invasive bacterial diarrhea frequently is associated with a peripheral blood 
leukocytosis.

Treatment
Th e cornerstone of treatment in acute gastroenteritis is good fl uid and electrolyte manage-
ment (Box 15-4). Commercial oral hydration solutions provide more sodium and lower 
carbohydrate concentration than traditional clear liquids.23 Human milk contains low con-
centrations of sodium (6–7 mEq/L); therefore, a supplemental rehydration solution should 
be used when diarrhea is persistent or severe.

BOX 15-3

Evaluation of Acute Diarrhea

HISTORY

1. Length of illness
2. Characterization of stools: frequency, 

looseness (watery versus mushy), and 
presence of gross blood

3. Oral intake: diet, quantity of fl uids and 
solids taken

4. Presence of vomiting
5. Associated symptoms: fever, rash, and 

arthralgia
6. Urine output: frequency and qualitative 

amount
7. Possible exposure to diarrheal illness

PHYSICAL EXAMINATION

1. Hydration status: weight (stable or loss), 
heart rate, capillary refi ll, mucosa (moist or 
dry), saliva and tears (present or absent), skin 
turgor (normal or poor), eyeballs and fonta-
nelle (normal or sunken), and vital signs

2. Alertness
3. Infant: vigor of suck

LABORATORY (PERFORMED AS 
INDICATED)

1. Stool evaluation: test for viral etiology 
when available, culture, ova and parasites, 
smear for white blood cells, C diffi  cile 
toxin assay, occult blood, and reducing 
substances

2. Complete blood count
3. If hydration status is in question: blood 

urea nitrogen (BUN) and serum electro-
lyte levels

4. Urinalysis
5. If child is lethargic or has had a seizure, 

culture for sepsis: measure the BUN and 
serum electrolyte and glucose levels and 
examine and culture the cerebrospinal 
fl uid
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BOX 15-4

Fluid and Electrolyte Management of Acute Diarrhea
A. General rules for management of acute 

diarrhea
 1. Oral rehydration therapy with glucose-

electrolyte solution (oral rehydration 
solution [ORS]) is the preferred 
treatment of fl uid and electrolyte loss, 
except as noted below. Th ese solutions 
generally contain 25 g/L glucose 
(or �30 g/L rice starch), 45–90 mEq/L 
sodium, 20–25 mEq/L potassium, and 
30 mEq/L bicarbonate. Th e higher 
sodium concentration is appropriate 
for rehydration; the lower concentration 
is usually adequate for rehydration with 
mild diarrhea and is appropriate for 
maintenance.

 2. Moderate to high stool output should 
be replaced with ORS at 10 mL/kg/
stool, if losses cannot be estimated. 
Losses from emesis should be replaced 
with ORS at 2 mL/kg/episode of emesis 
or replace estimated losses.

 3. Th e use of ORS is labor intensive. 
If a caregiver is not available to give 
small amounts of fl uid frequently, then 
intravenous therapy may be necessary. 
If the child is not severely dehydrated, 
then oral rehydration may be completed 
at home with close follow-up. Other-
wise, intravenous fl uids should include 
replacement of defi cit, ongoing losses, 
and maintenance fl uids. Addition of 
intravenous potassium should wait until 
urine output is established.

 4. ORS therapy is eff ective for hyperna-
tremic dehydration, as well as hypona-
tremic and isotonic dehydration.

 5. Age-appropriate feedings should be 
continued during acute diarrhea, except 
as noted below. Formula should be 
off ered full strength. Diet may be better 
tolerated if fatty foods and foods high 
in simple sugars (eg, undiluted juices 
and soft drinks) are avoided.

 6. Breastfeeding should be continued 
when possible.

 7. Lactose-free diet is generally unneces-
sary. If stools worsen on reintroduction 
of lactose (human milk, cow milk, 

or lactose-containing formula), then 
lactose intolerance should be consid-
ered. If stools become acid and contain 
reducing substances, then lactose 
intolerance is likely.

B. No dehydration
 1. Continue age-appropriate feeding 

(see A.5, A.6).
 2. Use ORS only to replace excessive stool 

output (see A.2).
C. Mild-to-moderate dehydration (3%–9% 

of body weight)
 1. Correct dehydration with 50–100 mL/

kg ORS over 3–4 hours, and replace 
continuing losses from stool and 
emesis with additional ORS (see A.2). 
See section E for special considerations 
for vomiting.

 2. Reevaluate hydration and replacement 
of losses at least every 1–2 hours. Th is 
process may require medical supervi-
sion (emergency department, hospital 
outpatient unit, or physician’s offi  ce).

 3. Once dehydration is corrected, 
begin feeding (see A.5, A.6) and 
continue to correct losses as above.

D. Severe dehydration (at least 10%)
 1. Resuscitate with intravenous or intraos-

seous normal saline or lactated Ringer’s 
solution 20 mL/kg of body weight 
over 1 hour. Monitor vital signs closely. 
Repeat until pulse and state of con-
sciousness return to normal. Larger 
volumes and shorter periods of admin-
istration may be required. Delay giving 
intravenous potassium until urine 
output is established.

 2. Determine serum electrolyte levels.
 3. Lack of response to initial resuscitation 

suggests an underlying problem such 
as septic shock, toxic shock syndrome, 
myocarditis, myocardiopathy, or peri-
carditis. Persistently poor urine output 
may be a sign of hemolytic uremic 
syndrome.

 4. ORS may be initiated when the child’s 
condition has stabilized and mental 
status is satisfactory. An intravenous 
line should be maintained until no 
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Electrolyte content in diarrheal stool varies widely, with the highest concentrations 
occurring in secretory diarrheas such as cholera. Fecal sodium levels may range from 
40 to 100 mEq/L and may occasionally be as high as 150 mEq/L. In rotavirus diarrhea, fecal 
sodium concentration is typically 20 to 40 mEq/L.

Viruses cause at least 40% to 50% of acute diarrheal illnesses in childhood. Rotavirus is 
becoming less common with the widespread use of vaccine24; other viruses, in descending 
frequency, are noroviruses, astroviruses, and enteric adenoviruses. Viral enteritis has been 
shown to result in a transient, patchy, mucosal lesion of the small intestine, which may be 
associated with temporary lactose and fat malabsorption. Decreased mucosal lactase levels 
may be seen. In experimental viral diarrhea in piglets, intestinal glucose-stimulated absorp-
tion of sodium, and therefore water, is impaired.5 Rotavirus produces an enterotoxin (known 
as NSP4), which is of much greater importance in the production of diarrhea than virus-
induced mucosal damage.5,6 Abnormal glucose absorption has also been observed in infants 
who have rotavirus enteritis. Nevertheless, secretion can be converted to net absorption in 
most children by providing oral glucose electrolyte solution because of the patchy nature of 
the lesion in viral gastroenteritis.

Oral rehydration solutions have been used safely and successfully to treat acute diarrhea 
with dehydration.25,26 Infants who have diarrhea are usually able to drink large volumes 
of salty-tasting liquids ad libitum appropriate for the stool output. Episodes of diarrhea 

BOX 15-4

Fluid and Electrolyte Management of Acute 
Diarrhea—cont’d

longer needed. See section E for special 
considerations for vomiting.

 5. Feeding may be restarted when 
rehydration is complete (see A.1, A.2).

E. Special considerations
 1. Vomiting
 a. Vomiting occurs commonly during 

acute gastroenteritis.
 b. Children who are dehydrated and 

vomit usually tolerate ORS.
 c. Intractable, severe vomiting, uncon-

sciousness, and ileus are contraindica-
tions to ORS treatment.

 d. ORS should be started at 5 mL every 
1–2 minutes.

 e. Vomiting usually decreases as dehy-
dration improves; larger amounts can 
be given at less frequent intervals.

 f. Nasogastric tube can be used 
for continuous ORS infusion 
for persistent vomiting or feeding 
refusal secondary to mouth ulcers 
(do not use in comatose child 
or one who has ileus or intestinal 
obstruction).

 g. Intravenous fl uids should be used 
if ORS treatment is unsuccessful.

 2. Refusal to take ORS
 a. Children who are not dehydrated 

may not take ORS because of the 
salty taste. However, dehydrated 
children generally take it well.

 b. Giving ORS in small amounts at 
fi rst allows the child to become 
accustomed to the taste.

 c. ORS can be frozen in ice-pop form.

Modifi ed from American Academy of Pediatrics Provisional Committee on Quality Improvement, Subcommittee on 
Acute Gastroenteritis. Practice parameter: the management of acute gastroenteritis in young children. Pediatrics. 1996;
97:424–435; and King CK, Glass R, Bresee JS, et al. Managing acute gastroenteritis among children: oral rehydration, 
maintenance, and nutritional therapy. MMWR. 2003;52:1–16. 
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in previously healthy, well-nourished children are often mild; nevertheless, the use of oral 
rehydration solutions to replace diarrheal loss is encouraged in infants. Liquids can be off ered 
ad libitum, although smaller volumes per feeding may be tolerated better when diarrhea 
is associated with vomiting. Guidelines for rehydration are described in Box 15-4. Th e 
most recent World Health Organization recommendation is for a lower-osmolarity (245 
mOsm/L) solution for rehydration (containing 75 mEq/L sodium and 75 mmol/L glucose). 
Th e contents of commercially available rehydration solutions have evolved with advances in 
the understanding of optimal absorption during oral rehydration; thus, the physician should 
consult current manufacturer specifi cations before choosing a product. Continuing regular 
feedings with supplemental oral rehydration solution is generally tolerated and thought to 
lead to quicker recovery.27 Vomiting is usually not a contraindication to oral rehydration.

Oral rehydration appears to be associated with shorter hospitalization and lower medical 
costs. Infants who have hypernatremic dehydration have fewer problems with seizures dur-
ing oral rehydration compared with intravenous rehydration.25 Oral rehydration therapy, 
however, requires the constant presence of a caretaker, although this individual need not 
have previous medical experience. Th e use of starches, amino acids, and probiotics in oral 
maintenance or rehydration solution to improve sodium and water absorption has been 
considered. 

Indications for medications in the treatment of acute gastroenteritis in infants and chil-
dren are limited. As already noted, the key mechanisms involved are intestinal secretion 
and transient malabsorption; physiologically, no apparent rationale exists for medications 
that slow gut motility (diphenoxylate, loperamide, and anticholinergics). In fact, pooling 
of fl uid in the intestinal lumen after treatment may give a false impression that the diarrhea 
has improved. Slowing intestinal transit with drugs may allow greater mucosal contact with 
pathogens and thereby allow for local mucosal invasion. Bismuth subsalicylate, which may 
decrease the duration of diarrhea, has been shown to be a safe adjunct to oral rehydration 
but is not used routinely.28 Antibiotics are useful in specifi c situations: Shigella dysentery, 
Yersinia or Campylobacter gastroenteritis, pseudomembranous colitis, Salmonella infections 
in infants younger than 6 months, and Salmonella infections in older patients who have 
enteric fever, typhoid fever, or complications of bacteremia.29 Campylobacter gastroenteritis 
must be identifi ed very early for antibiotics to shorten the illness. For the individual patient, the 
presence of an E coli serotype previously labeled enteropathogenic correlates poorly with 
the presence of diarrhea and is not alone an indication for antibiotic treatment.17 Lactobacillus 
or other probiotics may be useful to prevent infectious diarrhea but are probably not eff ec-
tive as treatment.30,31

Most episodes of gastroenteritis are self-limited and of short duration. Symptoms 
of rotavirus enteritis typically last 4 to 10 days. However, prolonged secretion of rotavirus 
in stool (up to 8 weeks) has been demonstrated in association with severe gastroenteritis in 
immunocompetent children.32 Th e current approach to treatment is to restart the previous 
full-strength formula and solids early after the onset of diarrhea. If diarrhea recurs on the 
introduction of lactose-containing formula, then the child may have transient lactose intoler-
ance. In this situation, a lactose-free formula should be off ered. (Th e sugar in this formula can 
be either sucrose or a glucose polymer.) Sugar malabsorption (see Malabsorption Syndromes) 
can be identifi ed by the determination of reducing substance in the stool. (Sucrose must 
be hydrolyzed fi rst with hydrochloric acid.) Transient lactose intolerance usually lasts only 
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a week or less but can, at times, persist for months. If the degree of dehydration is 5% or 
greater, then use of oral rehydration solution should be instituted, if possible, in the manner 
presented in Box 15-4. For severe dehydration or shock, rapid intravenous administration of 
10 to 20 mL/kg of isotonic fl uid or colloid is required initially and may need to be repeated 
early. Hyponatremia and hypernatremia must be corrected slowly to prevent complications 
of the central nervous system. Oral solutions are better tolerated and result in fewer central 
nervous system complications than intravenous solutions in infants who have hypernatre-
mia.25 Potassium should not be added to intravenous fl uids until adequate urine output is 
established. Urine specifi c gravity may be misleading inasmuch as kidney-concentrating 
ability may be poor as a result of reduced renal urea or whole-body potassium. Inability to 
acidify the urine during acute diarrhea occurs commonly in infants despite the presence 
of metabolic acidosis.33 Th is fi nding is thought to be caused by sodium defi ciency and the 
resulting inadequate delivery of sodium to the distal nephron. 

 CHRONIC DIARRHEA
Although chronic diarrhea occurs in children of all ages, it is most frequent and often most 
challenging to diagnose in infants.34 Both healthy and ill infants can develop diarrhea in 
response to a variety of stresses. Th e younger the infant is, the more likely he or she will 
be to enter the cycle of diarrhea and secondary malnutrition that leads to further diarrhea, 
malnutrition, and susceptibility to infection (known as protracted diarrhea of infancy). 
Many of the causes of chronic diarrhea may appear at any time during childhood. Certain 
diseases, however, occur more commonly in infancy; others are more likely to begin in later 
childhood. Dividing the causes of diarrhea between infancy and older childhood is arbitrary 
because the groups overlap, but this method is a helpful guide in initiating the evaluation 
of the child who has chronic diarrhea (Box 15-5).

Infants
Th e physician confronted with an infant who is reported to have chronic diarrhea must decide 
fi rst whether the stool pattern is abnormal. A nursing mother who has not been forewarned 
may become concerned about the appearance and frequency of her child’s transitional stools. 
Th e infant’s weight gain and healthy appearance, combined with an explanation about stools 
of breastfed infants, should dispel these concerns.

In the latter half of the fi rst year and in the second year, the most common cause for 
persistent diarrhea is chronic nonspecifi c diarrhea (also called toddler’s diarrhea).3,35 Aff ected 
infants and toddlers have intermittent loose stools for no apparent reason. In many instances, 
the stools occur early in the day and typically not overnight. Th ese children appear healthy 
and are thriving according to weight and length growth curves, unless inappropriate treat-
ment with clear fl uids has led to caloric deprivation. Th is condition represents a stool pattern 
rather than a pathologic state and requires minimal or no laboratory evaluation. Symptoms 
may begin initially after an apparent acute enteritis (postinfectious irritable bowel).

Treatment may include restricting the frequency of feedings, whether liquids or solids, 
in an eff ort to decrease stimulation of the gastrocolic refl ex (in the toddler, 3 meals and 
a bedtime snack with nothing by mouth in between); restricting the volumes of fl uids 
ingested when excessive; avoiding excessive intake of juices; and reassuring the parents of 
the benign nature of this entity. A high-fat diet may be helpful in some children, although 
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probably is of less importance.35 Cholestyramine (2 g by mouth 1 to 3 times daily) is also 
eff ective at times; however, the duration of use should be restricted because of the potential 
for interference with fat-soluble vitamin absorption. In any event, this condition is self-
limited and typically resolves by 3.5 years of age. Th e only danger is that well-intentioned 
parents may restrict oral intake to clear liquids repeatedly in an eff ort to treat the child; this 
action may result in poor weight gain. Bile acid malabsorption is an occasional sequela of 
gastroenteritis that can produce persistent, watery diarrhea. Th is condition also will respond 
to cholestyramine therapy.

Protracted Diarrhea of Infancy
Th e syndrome of protracted diarrhea of infancy is poorly understood,36 probably represent-
ing the fi nal pathway for multiple causes, including gastrointestinal infections and, perhaps, 
food intolerances. Th is condition is defi ned somewhat arbitrarily as occurring in infants 
younger than 3 months and persisting for more than 2 weeks. Historically, this syndrome, 
previously called intractable diarrhea of infancy, has been associated with a high mortality 
from irreversible diarrhea and related malnutrition. However, the outcome has improved 
markedly with the advent of elemental diets and total parenteral nutrition. Now, intractable 
diarrhea is rare and related to more specifi c causes, such as microvillus inclusion disease.

BOX 15-5

Causes of Chronic Diarrhea
COMMON CAUSES

• Chronic enteric infection: Salmonella 
organisms; Yersinia enterocolitica; 
Campylobacter, Giardia, Cryptosporidium, 
and Cyclospora organisms; C diffi  cile 
toxin; enteroadherent E coli; rotavirus 
(in immunodefi cient patients); 
cytomegalovirus; adenovirus; and HIV

• Food allergy
• Chronic nonspecifi c diarrhea (toddler’s 

diarrhea, irritable colon of childhood); 
postinfectious irritable bowel

• Disaccharide intolerance
• Chronic constipation with overfl ow diarrhea
• Cystic fi brosis
• Celiac disease (gluten-sensitive enteropathy)
• Infl ammatory bowel disease: Crohn disease 

and ulcerative colitis
• Hirschsprung disease
• Immunodefi ciency states
• Monosaccharide intolerance
• Eosinophilic (allergic) gastroenteritis
• Short bowel syndrome
• Urinary tract infection

• Postenteritis bile acid malabsorption
• Factitious causes

LESS COMMON CAUSES

• Autoimmune enteropathy
• Hormonal: adrenal insuffi  ciency and 

hyperthyroidism
• Vasoactive intestinal polypeptide−secreting 

tumor
• Neural crest tumor and carcinoid
• Intestinal lymphangiectasia
• Acrodermatitis enteropathica
• Intestinal stricture or blind loop
• Pancreatic insuffi  ciency with neutropenia
• Trypsinogen or enterokinase defi ciency
• Congenital chloride-losing diarrhea
• Congenital sodium-secretory diarrhea
• Abetalipoproteinemia
• Microvillus inclusion disease
• Tufting disease
• Immunodysregulation, polyendocrinopathy, 

enteropathy, X-linked syndrome (IPEX)
• Intestinal pseudoobstruction
• Ileal bile salt receptor defect
• Congenital disorders of glycosylation
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Generally, malnutrition develops and, in concert with the protracted diarrhea, leads to 
alteration of gastrointestinal fl ora sometimes associated with bacterial overgrowth of the small 
intestine. Altered mucosal function of the small intestine and transient pancreatic insuffi  ciency 
may occur with malnutrition and protracted diarrhea. Bile salts may be deconjugated as a result 
of bacterial overgrowth. In many instances, the initiating cause of protracted diarrhea is not 
found; it may likely be no longer present when the diarrhea has become chronic. Th e small 
bowel biopsy specimen may show patchy villous shortening with a decreased villus-to-crypt 
ratio and marked infl ammation, as well as a damaged surface epithelium. However, the results 
of the small bowel biopsy also may be normal. Similarly, a rectal biopsy specimen may show 
evidence of infl ammation, including crypt abscesses, or it may be normal. Th e presence or 
absence of these biopsy fi ndings may not correlate with the severity of the clinical syndrome.37 
Aff ected infants are severely malnourished and have low serum protein and hemoglobin levels. 
In many instances, they have had repeated treatment with oral clear liquids and peripheral 
intravenous fl uids, all of which provide inadequate nutrient intake.

When evaluating a young infant who has protracted diarrhea, the physician must rule out 
causes that require urgent treatment while correcting hydration and nutrition. Rehydration 
is similar to the treatment of acute diarrhea, although estimating the level of dehydration 
accurately is diffi  cult in the presence of malnutrition, and initial oral therapy is less likely to 
be successful. Stool output should be measured. If the urine is collected in a urine bag, then 
diapers can be weighed before and after stools to give an accurate measure of stool output. 
Urine specifi c gravity and volume may be deceptive because of poor concentration by the 
kidneys in the presence of malnutrition and total-body hypokalemia. Th e infant should be 
weighed at least daily.

Infection should be ruled out as a cause of diarrhea early in the evaluation. Several 
stools should be collected for culture, for examination for parasites, and for C diffi  cile toxin 
assay when indicated; blood and urine cultures should also be ordered. Consideration of 
Hirschsprung disease with enterocolitis is important because infants who have this disorder 
are prone to perforation of the colon unless a decompression colostomy is performed. In 
such infants, eliciting a history of early obstipation and of the absence of stools in the fi rst 
24 hours of life is usually possible. In Hirschsprung disease, a fl at plate radiograph of the 
abdomen may show a dilated colon with absence of air in the rectum. Toxic megacolon may 
also be seen in infectious colitis or in chronic infl ammatory bowel disease in infancy. Air-fl uid 
levels throughout the bowel are common in infants who have gastroenteritis, and this sign 
is not helpful in defi ning a cause. A barium enema under low pressure in the unprepared 
patient may show the narrow distal segment of rectum; however, this fi nding may not be 
present in neonates, and evaluation for ganglion cells on rectal biopsy is often necessary. 
Th e transition zone of Hirschsprung disease may be more obvious on a delayed radiograph 
(24–48 hours after the barium enema).

For a child who has chronic diarrhea and has been fed recently, the presence of reducing 
substance or an acid stool pH (<5.3) suggests carbohydrate malabsorption.4 Th e stool pH 
is not a good measure of the eff ect of diarrhea on total-body acid-base balance. If stool con-
centration of sodium and potassium minus chloride is greater than the plasma bicarbonate, 
then the infant is losing bicarbonate. WBCs or gross blood in the stool usually indicates 
colonic infl ammation; occult blood in the stool suggests loss of blood across the mucosa 
anywhere in the gastrointestinal tract.
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Nutritional rehabilitation should begin at once. Th e best choices are either enteral 
alimentation with an elemental or modular formula38 or total parenteral nutrition (TPN), 
peripheral or central. In many instances, enteral nutrition is tolerated best by the contin-
uous-drip method, and recovery may be more rapid when enteral alimentation is used.39 
Nevertheless, unsuccessful attempts at enteral feeding necessitate initiation of TPN therapy 
in some infants. Initial treatment with TPN and a gradually increasing, continuous enteral 
drip is a good approach to patients who do not tolerate elemental diet alone. Elemental 
formulas are composed of predigested components in fi xed proportions; modular formulas 
allow the physician to vary the components. Stool output and weight gain may be measured 
to assess the infant’s response.

During the treatment, further workup, including an upper gastrointestinal series with 
small bowel radiograph, barium enema, small bowel biopsy, proctoscopy, the measurement 
of sweat electrolytes, and other specifi c tests to rule out the entities noted later in this chap-
ter, should be conducted as indicated. If disaccharidase levels are abnormal on small bowel 
biopsy, then disaccharides should be avoided.

Malabsorption Syndromes
Infants and children who have malabsorption syndromes typically have diarrhea, steatorrhea, 
growth failure, or a combination of these conditions. Celiac disease and cystic fi brosis are the 
most common chronic disorders that cause malabsorption in children in the United States. 
Steatorrhea is much more striking with cystic fi brosis, resulting from pancreatic insuffi  ciency 
and secondary maldigestion. Infants with cystic fi brosis who nurse or are fed soy formula, 
but not cow milk formula, may exhibit protein malabsorption in the fi rst months of life.

Although cystic fi brosis is thought of primarily as a respiratory disease, some infants and 
children have malabsorption and little history of respiratory symptoms; these patients typi-
cally have voracious appetites. Th e diagnosis must be confi rmed by sweat electrolyte studies 
or genetic testing. Other diseases much less common than cystic fi brosis may be associated 
with prominent steatorrhea in early infancy, including congenital pancreatic insuffi  ciency 
with cyclic neutropenia (Shwachman-Diamond syndrome),40 intestinal lymphangiectasia, 
and abetalipoproteinemia. Transient steatorrhea may follow an acute enteritis.41 Measurement 
of stool pancreatic elastase level is a useful screening test for pancreatic insuffi  ciency.

Celiac disease (gluten-sensitive enteropathy) is now appreciated to be a much more fre-
quent disorder than previously recognized.42,43 Presentation may occur at any age, and the 
manifestations may be subtle. In infancy, celiac disease becomes apparent within 1 to several 
months after the introduction of gluten-containing products (wheat, rye, barley) into the 
diet.44 Th e classic symptoms in an infant with celiac disease are irritability, loose stools, poor 
appetite, and poor weight gain. Vomiting may occur as well. In older children, features such as 
growth retardation or iron defi ciency anemia may be more striking than diarrhea.43 In many 
patients, steatorrhea is not present, and results of absorptive studies such as the D-xylose 
tolerance test may be normal. Gluten-free dietary trials and antigliadin antibody studies may 
be misleading. Th e presence of endomysial antibody (EMA), tissue transglutaminase (tTG), 
or damidated gliadin peptide (DGP) antibody in the serum is a much more reliable predictor 
of celiac disease.45 tTG has been identifi ed as the antigen recognized by endomysial antibody. 
In individuals with total serum immunoglobulin A (IgA) defi ciency, assay for tTG IgA, 
EMA, or DGP IgA is unreliable. A tTG or DGP IgG level can be measured. A diagnosis of 
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celiac disease should be confi rmed by small bowel biopsy. In the past, the diagnosis was often 
reconfi rmed by a challenge with gluten and a repeat biopsy. Currently available antibody 
studies make this strategy unnecessary. Measuring endomysial IgA or tTG antibody may be 
useful in assessing the adequacy of a gluten-free diet or evaluating adherence to diet. Giardia 
infection can produce small bowel malabsorption that mimics celiac disease.

Carbohydrate (monosaccharide or disaccharide) intolerance may be primary or more 
commonly secondary to other gastrointestinal disorders.46 Th e congenital form of lactase 
defi ciency is much less common than congenital sucrase-isomaltase defi ciency,47 which typi-
cally appears after introduction of sucrose into the diet in solids. In carbohydrate intoler-
ance, the extent of symptoms varies directly with the quantity of the off ending sugar in the 
diet. Similarly, the age at presentation varies with the age at which the sugar is introduced 
into the diet. Infants who have congenital sucrase-isomaltase defi ciency may have diarrhea 
when fed formula containing glucose polymers as well.48 Th e diagnosis can be established 
by conducting standard sugar tolerance tests, measuring hydrogen excretion in the breath, 
or assaying the enzymes present in tissue obtained by a small bowel biopsy. Examination of 
the stool for reducing sugars is an imprecise screening test for stool carbohydrate content.49 
A stool pH less than 5.3 is suggestive of carbohydrate malabsorption, whereas a stool pH 
more than 5.6 is evidence against this diagnosis. Sorbitol,50 a sugar substitute, as well as 
fructose,51 may produce diarrhea when ingested in large amounts, and both are present in 
fruits. Oral enzyme supplements are available for both lactase and sucrase defi ciency.

Th e congenital defi ciency of trypsinogen, the zymogen precursor of the pancreatic pro-
tease trypsin, has been reported to be a very rare cause of congenital diarrhea. Th e absence 
of trypsin in the stool suggests the diagnosis (in the absence of cystic fi brosis and congenital 
pancreatic insuffi  ciency), but evaluation of the pancreatic proteases in the duodenal aspirate 
is necessary to confi rm this impression. Congenital defi ciency of enterokinase, the intestinal 
enzyme that activates trypsinogen to trypsin, appears in a similar fashion to that of congenital 
trypsinogen defi ciency but is reversed with very small amounts of pancreatic replacement.

A recently described congenital, autosomal recessive disorder of chronic malabsorption 
and diarrhea has been characterized by a lack of intestinal enteroendocrine cells. Th is dis-
order is associated with a mutation of a gene (NEUROG3) expressing a protein required 
for endocrine cell development in the pancreas and intestine. Individuals with this disorder 
have been identifi ed to develop glucose intolerance as well.52

Infection
Acute bacterial or viral enteritis may be an important initiator of protracted diarrhea in 
infancy.53,54 If the initial infection is no longer present at the time of evaluation for chronic 
diarrhea, then this association will be diffi  cult to prove. Infections at distant sites, especially 
urinary tract infections, have also been implicated as a cause of chronic diarrhea in infancy. 
A urinalysis and urine culture should be obtained routinely in the evaluation of children 
who have chronic diarrhea. Salmonella enteritis is commonly associated with a chronic 
asymptomatic carrier state, especially in infancy. Salmonella infection, however, may also be 
associated with persistent diarrhea in infants. Y enterocolitica enteritis has been associated 
with a chronic relapsing diarrhea, although not commonly in the United States; however, 
the microbiology laboratory must look specifi cally for this organism, or it will be missed. 
Campylobacter enteritis also may have a protracted course. Persistence of either rotavirus or 
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enteric adenovirus excretion has been identifi ed in immunocompromised individuals; rarely, 
rotavirus may be present in the stool of an immunocompetent child for a prolonged period 
after a severe gastroenteritis.32 Candida has been described as a rare cause of persistent diar-
rhea in immunocompetent individuals.55 However, the incidental fi nding of Candida is so 
common that the physician must be cautious before identifying it as the cause of diarrhea. 
A dramatic response to treatment for Candida would support this diagnosis.

Parasites
Th e principal parasite that causes diarrhea in the United States is G lamblia, which may be 
associated with watery diarrhea and crampy abdominal pain and may occur in epidemic 
form. Stool testing for Giardia antigen is sensitive and has improved the ability to diagnose 
giardiasis. Evaluation of duodenal fl uid aspirate or a small bowel biopsy is rarely necessary. 
Diarrhea from Cryptosporidium occurs in immunocompetent individuals and also can be 
recognized by stool antigen assay.56,57 Cyclospora has been introduced into the United States 
on contaminated fruits. B hominis and D fragilis may cause persistent diarrhea. Amebic 
dysentery may be indistinguishable from the colitis of infl ammatory bowel disease and 
must be considered along with bacterial colitis before a diagnosis of infl ammatory bowel 
disease can be made.

Hirschsprung Disease
Hirschsprung disease is a congenital abnormality involving the submucosal and myenteric 
plexuses of the colon (rarely involving the small intestine) and accounts for about 25% of 
intestinal obstructions in newborns. Aff ected neonates almost invariably fail to pass meco-
nium early and have persistent obstipation and recurrent abdominal distention. Th ese features 
may be overlooked, however, and the infants may subsequently have chronic diarrhea. Th e 
diarrhea is secondary to enterocolitis, which can be a surgical emergency that demands rapid 
diagnosis and treatment. A barium enema in the neonate may reveal false-negative fi ndings. 
Anorectal manometric examination may be helpful, but an adequate rectal biopsy speci-
men showing absence of ganglion cells and presence of nerve fi ber hypertrophy confi rms 
the diagnosis. Calretinin staining is useful as well. Properly performed, suction biopsy 
of the rectum is highly reliable.58

Food Allergy
Dietary protein hypersensitivity occurs in 6% to 8% of children during the fi rst 5 years of 
life and most commonly is a hypersensitivity to cow milk protein. Food allergy is present in 
about 4% of the adult population. In 85% of children who have dietary protein intolerance, 
the symptoms resolve by 3 years of age.59–61 Th is entity should be considered when an infant 
who has chronic diarrhea has any of the following manifestations:
• Occult or gross blood in the stool (colitis)
• Protein-losing enteropathy
• Peripheral eosinophilia
• Other extraintestinal manifestations of allergy such as eczema, hives, or asthma62

Continued or recurrent manifestations when the infant is fed a soy formula diet (free of
cow milk) do not rule out the diagnosis, inasmuch as 30% to 50% of children who have cow 
milk protein intolerance will also be intolerant to soy protein. Typically, symptoms improve 
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when the feeding is changed to a protein hydrolysate formula, although the response to 
specifi c protein hydrolysate formulas may not be equivalent. Occasionally, an amino acid 
formula will be necessary.63

Most food allergic reactions are IgE mediated and include immediate gastrointestinal 
hypersensitivity, with nausea, abdominal pain, and vomiting within 1 to 2 hours and diar-
rhea in 2 to 6 hours. Implicated food proteins include milk, egg, peanut, soy, cereal, and 
fi sh. Eosinophilic (allergic) gastroenteropathy is considered a mixed IgE-mediated and non–
IgE-mediated disorder. It is characterized by infi ltration of the stomach and intestine with 
eosinophils and often a peripheral eosinophilia. Symptoms include vomiting, abdominal 
pain, growth failure, and diarrhea (often with gross blood). Eosinophilic gastroenteropathy 
may respond to elimination diet, but corticosteroid treatment may be necessary. Non–IgE-
mediated hypersensitivity food protein-induced enterocolitis syndrome (FPIES), which 
occurs most commonly in the fi rst year of life but can occur at any age. Diet-induced 
proctitis causes gross blood in stool and often diarrhea in the fi rst few days to months of 
life. Symptoms usually resolve within 72 hours with removal of the off ending food allergen. 
Bloody diarrhea can develop in some infants while they are nursing; resolution may occur 
when cow milk is removed from the mother’s diet or when a protein hydrolysate formula is 
substituted for nursing, suggesting an allergic basis.64

Short Bowel Syndrome
Short bowel syndrome is associated with congenital anomaly of the small intestine or follows 
extensive resection of the small intestine, resulting in chronic malabsorption and diarrhea.65 
It begins most commonly in the newborn period in association with necrotizing enterocolitis 
or a congenital anomaly such as gastroschisis, intestinal atresia, or malrotation with secondary 
midgut volvulus. Recovery may be prolonged, requiring the use of TPN for the fi rst several 
years of life.66 Th e factors that appear to contribute to persistence of symptoms in neonates 
include the cause, decreased intestinal absorptive surface, altered intestinal motility, intralu-
minal bacterial overgrowth67 (with secondary deconjugation of bile salts and hydroxylation 
of fatty acids), malabsorption of bile salts secondary to terminal ileal resection, and disac-
charidase defi ciency. Among neonates, infants with necrotizing enterocolitis or gastroschisis 
tend to have a more prolonged course than those with other causes of short bowel. In infants, 
symptoms of colitis may occur during the initiation of enteral feedings.68 Later in life, vol-
vulus, trauma, and Crohn disease are the most common causes of short bowel syndrome.

Intestinal Lymphangiectasia
Intestinal lymphangiectasia is a syndrome of dilated intestinal lymphatic vessels and is associ-
ated with protein-losing enteropathy, steatorrhea, lymphocytopenia, and chronic diarrhea. 
As a result of the bowel protein loss, aff ected children may have hypogammaglobulinemia 
and hypoalbuminemia, usually with peripheral edema. Primary intestinal lymphangiectasia 
appears to be a developmental anomaly of unknown origin and is frequently associated 
with lymphatic abnormalities of the extremities. Secondary lymphangiectasia may result 
from chronic volvulus secondary to malrotation with malfi xation of the bowel, constrictive 
pericarditis, tumor, lymphatic malformation, elevated right atrial pressure associated with the 
Fontan procedure for congenital heart disease, or any other factor that leads to obstruction 
of intestinal lymphatic fl ow. Th e diagnosis is suggested by a history of chronic diarrhea and 
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poor growth and the presence of peripheral edema, hypoalbuminemia, hypogammaglobu-
linemia, and lymphocytopenia. Th e last 2 abnormalities may lead to a decreased immune 
defense and an increased risk for infections. A radiologic small bowel follow-through study 
may show generalized thickening of the intestinal folds. Th e diagnosis is confi rmed by the 
presence of characteristically dilated lymphatics on a small bowel biopsy specimen. Th e treat-
ment includes the dietary use of medium-chain triglycerides and avoidance of long-chain 
fat. Protection from and early treatment of infection also are important.

Acrodermatitis Enteropathica
Acrodermatitis enteropathica is a rare autosomal recessive disease that typically appears when 
breastfed infants are weaned. Th e infant has chronic diarrhea, intermittent vomiting, and an 
intractable erythematous, raw, and crusty rash, which is most prominent in the perianal and 
perioral regions but may be seen on the extremities. Alopecia is characteristically present, 
and conjunctivitis and dystrophic changes of the nails may occur. Infants who have acroder-
matitis enteropathica are usually irritable and unhappy. Th e disorder is associated with a zinc 
defi ciency (perhaps secondary to malabsorption) and responds dramatically to zinc salts given 
orally.69 A mutation of a gene that encodes a zinc-transporter protein has been identifi ed in 
this condition. Nutritional zinc defi ciency (eg, TPN without zinc supplementation or cystic 
fi brosis) may produce a syndrome similar to acrodermatitis enteropathica.

Factitious Diarrhea
Factitious diarrhea is undoubtedly more common than pediatricians recognize. Screening 
a stool specimen for laxative abuse is reasonable when an infant has persistent diarrhea that 
does not seem to fi t any known pattern. Surreptitious administration of laxative to an infant 
is a symptom of the caregiver’s psychosocial dysfunction; problems in other areas often 
become apparent during the social history. Frequently, a parent is a medically knowledgeable 
person (eg, nurse, laboratory technician) and often seems to prefer staying in the hospital 
to being at home. Th ese parents are usually helpful to the nursing staff , often to the degree 
of excessive involvement in the nursing care, and are commonly described by the nurses as 
caring and concerned parents. Th e pediatrician may note that the parent seems to encour-
age invasive diagnostic studies and treatment even beyond the medical plan and does not 
show an appropriate degree of hesitancy. A stool osmolality well below 290 mOsm/L can 
only occur by surreptitious dilution of stool with water. Another form of factitious diarrhea 
occurs among teenage girls who take laxatives surreptitiously to lose weight.

Hormone-Related Diarrhea
Adrenal insuffi  ciency caused by either adrenogenital syndrome or adrenal hemorrhage may be 
associated with signifi cant diarrhea, as may congenital thyrotoxicosis. VIP-secreting tumors 
of the pancreas have been reported as a rare cause of diarrhea in adults and an even rarer 
cause in children.

Ganglioneuroma and ganglioneuroblastoma have been associated with chronic secretory 
diarrhea. Th e tumors are usually abdominal but have also been reported in the mediasti-
num. Although these tumors are catecholamine secreting, prostaglandins or VIP may be 
the mediator of the diarrhea. A workup of the infant who has persistent, undiagnosed, 
secretory diarrhea should include urinary catecholamine studies, prostaglandin and VIP 
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levels, and computed tomography scans of chest and abdomen. Even when the results of 
these studies are negative, the physician must strongly consider further studies if severe 
secretory diarrhea persists. When a tumor is found and is completely excised, the diarrhea 
usually resolves abruptly.

Immune Disorders
Immunodefi ciency should be considered in any child who has chronic diarrhea. AIDS has 
become a major cause of immunodefi ciency in childhood, and its fi rst manifestation may be 
diarrhea. Several mechanisms of diarrhea have been described in infants and children who 
have AIDS.70 In addition to the organisms the physician usually considers in individuals 
who have persistent diarrhea (especially Giardia), cytomegalovirus, Mycobacterium avium-
intracellulare, Cryptosporidium parvum, Isospora belli, and Enterocytozoon bieneusi must also 
be considered. Astrovirus, calicivirus, and adenovirus have been associated with diarrhea 
in HIV-infected individuals and may be more important than rotavirus as agents of AIDS 
diarrhea.71 HIV may be a primary pathogen in the bowel of these patients as well. Lactose 
intolerance occurs commonly in individuals who have AIDS, presumably occurring as a 
result of injury to small bowel mucosa. Pancreatic insuffi  ciency with steatorrhea also has 
been noted in these patients.

Th e 2 major inborn disorders of immunity associated with diarrhea in early infancy are 
severe combined immunodefi ciency and Wiskott-Aldrich syndrome. Th e most common 
primary disorder seen in later childhood is late-onset, variable hypogammaglobulinemia. 
Pure T-cell abnormalities (DiGeorge syndrome and other T-cell defi ciencies) are also associ-
ated with diarrhea. Patients with selective IgA defi ciency have an increased risk for celiac 
disease. Measurement of immunoglobulin levels should be a routine part of the workup 
of any patient who has chronic diarrhea. If the diagnosis remains unclear, then a T-cell 
evaluation should be conducted. Chronic parasitic, adenovirus, or rotavirus infection can 
be seen with immunodefi ciencies. Diarrhea in association with granulomas of the intestinal 
tract has been noted in chronic granulomatous disease of childhood. Th ese children may 
have perianal fi stulas or gastric outlet obstruction; the disorder may initially be mistaken 
for Crohn disease.

Th e physician must consider the full range of enteric infections associated with 
immunosuppression in children who have received organ transplants. Diarrhea may 
also be the presentation of tacrolimus toxicity or of lymphoproliferative disease. In bone 
marrow transplant recipients, graft-versus-host disease is a common cause of diarrhea 
as well.

Autoimmune Enteropathy
Autoimmune enteropathy is a poorly understood disorder, with chronic diarrhea beginning 
in the fi rst year of life, and is often associated with failure to thrive.72 Intestinal biopsies 
demonstrate villous atrophy and increased T-cell infi ltrate in the lamina propria. Serum 
antienterocyte antibodies are identifi ed in at least 50% of these patients. Extraintestinal 
autoimmune disorders (eg, diabetes mellitus, arthritis, thrombocytopenia, hemolytic anemia) 
are common and help make the diagnosis. Celiac disease, food allergy, and gastrointestinal 
infection must be ruled out. Treatment is immunosuppressive therapy, and a response con-
fi rms the diagnosis.73
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IPEX Syndrome
Immune dysregulation, polyendocrinopathy, enteropathy, and X-linked inheritance (IPEX) 
syndrome exhibits a presentation similar to autoimmune enteropathy and similar biopsy 
fi ndings.72 Th is disorder is the result of a mutation in the FOXP3 gene.

Idiopathic Intestinal Pseudoobstruction
Idiopathic intestinal pseudoobstruction constitutes a group of rare disorders characterized by 
widespread gastrointestinal dysmotility. When this syndrome occurs in early infancy, vomit-
ing and diarrhea are often major components. Diarrhea may alternate with constipation. In 
older children, the presentation is frequently more insidious; a long history of constipation 
may precede the onset of diarrhea. Persons who have this syndrome usually have intermit-
tent or constant abdominal distention. Th e syndrome is characterized by the radiographic 
fi ndings of bowel dilation with disordered motility; urinary bladder dysfunction is also often 
present. Th ese disorders, which can be sporadic or transmitted in an autosomal dominant 
fashion, can result from a visceral myopathy or neuropathy or from a combination of both. 
Bacterial overgrowth is an important cause of diarrhea in this disorder.

Microvillus Inclusion Disease
Microvillus inclusion disease (familial enteropathy) is a rare disorder that is present from 
birth and causes severe intractable secretory diarrhea with malabsorption.72,74 It is the most 
common cause of intractable diarrhea in the neonatal period. Aff ected infants have small 
bowel villous atrophy in the absence of crypt hyperplasia. Th e villous surface epithelial cells 
lack a normal brush border, and on electron microscopic examination, the microvilli are 
absent or severely abnormal. Th e defective enterocytes and colonocytes contain intracyto-
plasmic inclusions, which, in turn, contain the components of the brush border. Microvillus 
inclusions are not found in every enterocyte. Fecal sodium and chloride concentrations are 
similar to those found in serum. Several families have been identifi ed with more than 1 
child with this disorder.

Tufting Enteropathy
In contrast to microvillus inclusion disease, symptoms of tufting enteropathy are not present 
at birth. Aff ected infants develop chronic watery diarrhea in the fi rst few months of life.72 
Th e name derives from a typical light microscopic tufted confi guration of the small bowel 
mucosal epithelium.75

Congenital Disorders of Electrolyte Absorption
Congenital chloride-losing diarrhea and congenital sodium-secretory diarrhea are very rare, 
autosomal recessive disorders associated with maternal polyhydramnios. Th e small bowel 
mucosa is histologically normal, and absorption of other nutrients is normal. Infants with 
congenital chloride-losing diarrhea have persistent diarrhea resulting from absence of the 
normal ileal mechanism for active absorption of chloride in exchange for bicarbonate. Th ey 
have acidic stools and a chronic metabolic alkalosis instead of the metabolic acidosis usually 
seen in chronic diarrhea. Stool chloride concentration is high, usually exceeding the sum 
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of concentrations of sodium and potassium. Th e stool chloride of children who have this 
disorder may be in the range of 100 to 150 mEq/L, although it may be 30 to 100 mEq/L 
in infants. (Adult stool chloride is normally <20 mEq/L.) Although no satisfactory treat-
ment exists, support with oral fl uids and potassium chloride is recommended. Congenital 
sodium diarrhea is also a rare cause of watery diarrhea from birth. However, these infants 
are acidotic, and stool chloride concentration is not excessive. Th e disorder is the result of 
defective mucosal Na+/H+ exchange in the small and large bowel.

Congenital Disorders of Glycosylation
Congenital disorders of glycosylation exhibit in the fi rst year of life, often with multisys-
tem dysfunction.76,77 In addition to hepatic, neurologic, cardiac, and optic manifestations, 
they can be associated with chronic diarrhea or severe protein-losing enteropathy, or both. 
Diagnosis is suggested if levels of serum glycoproteins such as haptoglobin and transferrin 
are low. Screening for this diagnosis has been performed with serum transferrin isoelectric 
focusing.

Infant of a Drug-Addicted Mother
Diarrhea may be a prominent manifestation of neonatal drug abstinence syndrome, and this 
diagnosis should be entertained in newborns who have persistent diarrhea, especially when 
other symptoms of neonatal drug withdrawal are present.

Older Children
A pediatrician will see fewer older children with chronic diarrhea than they will infants, but 
older children are more likely to have chronic diarrhea associated with signifi cant underlying 
disease compared with toddler’s diarrhea in young children. As in infancy, the association 
of poor growth, weight loss, or other systemic manifestations suggests a serious organic 
cause. Older children may deny symptoms, and the true eff ect of the disorder may not be 
immediately apparent. Clues may include subtle changes in personality, diminished sense 
of well-being, or loss of appetite. Children may hesitate to talk about their stooling pattern, 
and the degree of deviation from the norm may become apparent only after improvement 
occurs following initiation of appropriate therapy.

Causes of diarrhea diff er somewhat after infancy, although many of the causes seen in 
infancy, even congenital anomalies, may exhibit fi rst in childhood and therefore must still 
be considered. Factors that determine the age at diagnosis include variability of presentation 
of signs and symptoms, parental expectations of normality, and the index of suspicion of the 
physician who is consulted. However, certain diseases, including infl ammatory bowel disease 
and chronic constipation with encopresis, are much more likely to be seen in childhood 
than in infancy. Symptoms of celiac disease may begin at any age, and the high occurrence 
rate of celiac disease is now recognized. Cystic fi brosis may be associated with only mild 
manifestations in infancy and may be overlooked until frequent, bulky, foul-smelling stools 
become intolerable at home. AIDS is seen in older children, as well as in infants.

Irritable Bowel Syndrome
Irritable bowel syndrome (IBS) similar to that occurring in adults may be seen in chil-
dren and adolescents.8 Stools may alternate from diarrhea to constipation. In addition, 
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the patient may have recurrent, crampy, abdominal pain. Late-onset lactose intolerance 
and fructose or sorbitol ingestion are important to rule out as causes of symptoms that 
may mimic IBS.50,51 Symptoms of infl ammatory bowel disease or celiac disease may also 
be mistaken at fi rst for IBS. Standard treatment includes increased fi ber in the diet and 
anticholinergics; the tricyclic antidepressants can be used for diarrhea-predominant IBS, 
under experienced supervision.

Infl ammatory Bowel Disease
Th e manifestations and presentation of Crohn disease and ulcerative colitis are so variable 
that these diseases should be considered whenever the physician sees an older child who 
has chronic diarrhea.78 Systemic evidence of infl ammation (fever, weight loss, and leuko-
cytosis), abdominal pain, blood in the stool (gross or occult), perianal disease, anemia, or 
extraintestinal manifestations (arthralgia, arthritis, or erythema nodosum) are helpful in 
suggesting this diagnosis. Growth failure can occur with or precede other symptoms. An 
elevated sedimentation rate also is a clue; however, normal sedimentation rates may occur 
in as many as 50% of patients who have infl ammatory bowel disease. Th rombocytosis 
and elevated C-reactive protein, both acute phase reactants, have been associated with 
infl ammatory bowel disease as well and may be present in the absence of an elevated 
sedimentation rate. Suggestive signs and symptoms require evaluation, including a com-
plete blood count, platelet count, erythrocyte sedimentation rate, serum protein levels, 
and possibly a stool assay for calprotectin. One would then consider imaging the small 
bowel by conventional contrast radiograms, computed tomography scan of the abdo-
men and pelvis, or MR enterography, as well as endoscopic examination of the upper 
gastrointestinal tract and colon with biopsy. Capsule endoscopy is useful when, despite 
negative radiographic and colonoscopic evaluation, a strong suggestion of small bowel 
Crohn disease is present. Serum antibody screening studies for IBD may be helpful in 
identifying the need for further evaluation for Crohn disease or ulcerative colitis, but may 
be misleading. Management of infl ammatory bowel disease includes an array of medical, 
nutritional, and surgical measures.78

Chronic Constipation
Chronic constipation with overfl ow incontinence may be mistaken for diarrhea. A thorough 
history and physical examination, including a rectal examination, should make the diagnosis 
apparent. A large amount of stool may be palpable in the abdomen, but a hard mass of stool 
is usually found in the rectal ampulla. Th is presentation is treated in the usual fashion of 
chronic constipation (as noted in Chapter 11, Constipation). 

When to Refer

• Persistent diarrhea when the workup for routine infectious causes is negative
• Steatorrhea
• Diarrhea or steatorrhea (or both), causing weight loss or failure to thrive
• Diarrhea associated with fevers, chronic anemia, or abdominal pain without an obvious 

explanation
• When infl ammatory bowel disease is a consideration



Diarrhea and Steatorrhea 197

When to Admit

• Acute or chronic diarrhea with mild to moderate dehydration that cannot be managed
successfully with outpatient rehydration solution

• Dehydration greater than 10% of body weight
• Diarrhea with intractable vomiting
• Severe electrolyte imbalance, including hypernatremic dehydration or serum potassium

level less than 3 mEq/L
• Laboratory evidence suggesting hemolytic uremic syndrome
• Chronic diarrhea or steatorrhea (or both) with persistent signs of malnutrition that is

unresolved with outpatient management
• Severe manifestations of infl ammatory bowel disease, unresponsive to routine outpatient

treatment

TOOLS FOR PRACTICE
Engaging Patient and Family
• Chronic Diarrhea (fact sheet), Centers for Disease Control and Prevention (www.cdc.

gov//healthywater/hygiene/disease/chronic_diarrhea.html)
• Common Childhood Infections (handout), American Academy of Pediatrics (patiented.

solutions.aap.org)
• Cryptosporidium Infection (fact sheet), Centers for Disease Control and Prevention

(www.cdc.gov/parasites/crypto/index.html)
• Diarrhea (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/abdominal/Pages/Diarrhea.aspx)
• Diarrhea and Dehydration (handout), American Academy of Pediatrics (patiented.

solutions.aap.org)
• E coli (Escherichia coli) (Web page), Centers for Disease Control and Prevention (www.

cdc.gov/ecoli)
• Entamoeba coli (fact sheet), Centers for Disease Control and Prevention (www.cdc.gov/

parasites/nonpathprotozoa/index.html)
• Healthy Pets Healthy People—Salmonella from Pocket Pets (fact sheet), Centers for Disease

Control and Prevention (www.cdc.gov/healthypets/pets/pocket-pets/salmonella.html)
• Healthy Pets Healthy People—Turtles Kept as Pets (fact sheet), Centers for Disease

Control and Prevention (www.cdc.gov/healthypets/pets/reptiles/turtles.html)
• Healthy Swimming/Recreational Water (Web page), Centers for Disease Control and

Prevention (www.cdc.gov/healthywater/swimming)
• Norovirus (Web page), Centers for Disease Control and Prevention (www.cdc.gov/

norovirus/about/index.html)
• Parasites—Giardia (Web page) Centers for Disease Control and Prevention (www.cdc.

gov/parasites/giardia/index.html)
• Rotavirus (handout), American Academy of Pediatrics (patiented.solutions.aap.org)
• Salmonella serotype Enteritidis (fact sheet), Centers for Disease Control and Prevention

(www.cdc.gov/nczved/divisions/dfbmd/diseases/salmonella_enteritidis)
• Salmonella (Web page), Centers for Disease Control and Prevention (www.cdc.gov/

salmonella)
• Shigellosis (fact sheet), Centers for Disease Control and Prevention (www.cdc.gov/

nczved/divisions/dfbmd/diseases/shigellosis)

http://www.cdc.gov//healthywater/hygiene/disease/chronic_diarrhea.html
http://www.cdc.gov//healthywater/hygiene/disease/chronic_diarrhea.html
http://www.cdc.gov/parasites/crypto/index.html
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Diarrhea.aspx
http://www.healthychildren.org/English/health-issues/conditions/abdominal/Pages/Diarrhea.aspx
http://www.cdc.gov/ecoli
http://www.cdc.gov/ecoli
http://www.cdc.gov/parasites/nonpathprotozoa/index.html
http://www.cdc.gov/parasites/nonpathprotozoa/index.html
http://www.cdc.gov/healthypets/pets/pocket-pets/salmonella.html
http://www.cdc.gov/healthypets/pets/reptiles/turtles.html
http://www.cdc.gov/healthywater/swimming
http://www.cdc.gov/norovirus/about/index.html
http://www.cdc.gov/norovirus/about/index.html
http://www.cdc.gov/parasites/giardia/index.html
http://www.cdc.gov/parasites/giardia/index.html
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/salmonella_enteritidis
http://www.cdc.gov/salmonella
http://www.cdc.gov/salmonella
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/shigellosis
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/shigellosis
patiented.solutions.aap.org
patiented.solutions.aap.org
patiented.solutions.aap.org
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Medical Decision Support
• Cryptosporidium (Web page), Centers for Disease Control and Prevention (www.cdc.

gov/dpdx/cryptosporidiosis/index.html)
• Diarrheagenic Escherichia coli (non–Shiga toxin-producing E coli) (fact sheet), Centers for 

Disease Control and Prevention (www.cdc.gov/ncidod/dbmd/diseaseinfo/diarrecoli_t.htm)
• Giardiasis (Web page), Centers for Disease Control and Prevention (www.cdc.gov/dpdx/

giardiasis/index.html)
• Managing Acute Gastroenteritis Among Children (guideline), Centers for Disease Control 

and Prevention (www.cdc.gov/mmwr/PDF/RR/RR5216.pdf )
• Norovirus (Web page), Centers for Disease Control and Prevention (www.cdc.gov/

norovirus/hcp/index.html)
• Practice Guidelines for Management of Infectious Diarrhea (guideline), Infectious Diseases 

Society of America (www.idsociety.org/Organ_System/#Diarrhea)
• Rotavirus (Web page), Centers for Disease Control and Prevention (www.cdc.gov/

rotavirus/index/html)
• Salmonella (Web page), Centers for Disease Control and Prevention (www.cdc.gov/

salmonella)
• Shigellosis (fact sheet), Centers for Disease Control and Prevention (www.cdc.gov/

nczved/divisions/dfbmd/diseases/shigellosis)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Nutrition. Th e use and misuse of fruit juice in pediat-
rics. Pediatrics. 2001;107(5):1210–1213. Reaffi  rmed August 2013 (pediatrics.aappublications.org/content/
107/5/1210.full)

Centers for Disease Control and Prevention. Managing acute gastroenteritis among children: oral rehydration. 
Pediatrics. 2003;52(RR16):1–16. AAP Endorsed (www.cdc.gov/mmwr/pdf/rr/rr5216.pdf )
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Chapter 16

Disruptive Behavior 
and Aggression

Lawrence S. Wissow, MD, MPH

Disruptive and aggressive behaviors are common among children from toddlerhood through 
adolescence. Th ey may be transient, infl uenced by temperament and environmental factors, 
or they may be persistent, rising to the level of oppositional-defi ant disorder (ODD) or con-
duct disorder (CD) and causing signifi cant impairment in the child’s and family’s function-
ing. ODD aff ects 1% to 16% of children, depending on the population studied; CD aff ects 
1.5% to 3.4%. Male-to-female ratio varies with age and diagnosis from 3.2:1 to 5:1.1 Some 
children progress from ODD to CD. Th ey can be extremely challenging to manage and, 
if untreated, experience an increased risk of school failure, diffi  culty with legal authorities, 
substance abuse, and ultimately underemployment as adults. Th ose who go on to develop 
CD may be dangerous to themselves and others and, in some instances, require emergent 
treatment. All children manifesting disruptive or aggressive behaviors require intervention, 
education, support from parents and teachers, and careful monitoring.

Th ere is accumulating evidence that some behavior problems can be prevented. Eff ective 
strategies include population-based interventions,2 supporting parents’ mood and reducing 
exposure to stresses, helping parents learn to both read and help modulate infant emotions, 
and helping parents learn ways to stimulate and have positive interactions with their infants 
and young children. As children get older, clinicians can off er anticipatory guidance about 
predictable parenting issues, written or online parenting materials, and referrals to parent-
ing workshops. Th e Centers for Disease Control and Prevention (www.cdc.gov/ncbddd/
childdevelopment/positiveparenting/index.html) off ers colorful public-domain materials for 
children and youth of a wide range of ages and a new “Essentials” series of video modules 
for parents of children 2 to 4 years of age. Th e American Academy of Pediatrics (AAP) has 
published guidelines for eff ective discipline.3

Th e following guidance is based on the work of the World Health Organization (WHO), 
whose recommendations may be updated annually. Th e most up-to-date information can 
be found at www.who.int.

 FINDINGS SUGGESTING DISRUPTIVE BEHAVIOR 
OR AGGRESSION

Manifestations of disruptive behavior and aggression vary by age. In younger children, 
they include tantrums, defi ance, fi ghting, and bullying. In older children and adolescents, 
they may include serious law breaking such as stealing, damage to property, or assault. 

http://www.cdc.gov/ncbddd/childdevelopment/positiveparenting/index.html
http://www.cdc.gov/ncbddd/childdevelopment/positiveparenting/index.html
http://www.who.int
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A summary of the symptoms and clinical fi ndings that suggest disruptive behavior and 
aggression can be found in Box 16-1. Th ese may be elicited from parents, teachers, others 
familiar with the child, or the children or youth themselves. Children, youth, and even 
parents may minimize problems, and parents and teachers may be unaware of conduct 
problems that happen when the child is out of their direct supervision. Th us, tactful but 
persistent discussion and comparing notes among observers may be required to get a full 
picture of the child’s behavioral issues.

 TOOLS TO ASSIST WITH IDENTIFICATION
Because some children and parents do not spontaneously disclose their symptoms to their 
primary care clinician standardized psychosocial screening instruments may be used to 
identify children with symptoms of disruptive behavior or aggression. Several instruments 
have versions to collect information from youth, parents, and teachers. Table 16-1 provides 
examples of general psychosocial screening results suggesting that a child has disruptive 
behavior or aggression. Use of additional instruments, such as the Vanderbilt ADHD Rating 
Scale (developed for children 6–12 years of age) and the Modifi ed Overt Aggression Scale 

Box 16-1

Symptoms and Clinical Findings Suggesting 
Disruptive Behavior and Aggression
INDICATIONS OF DISRUPTIVE 
BEHAVIOR AND AGGRESSION

• In younger children, marked tantrums, 
defi ance, fi ghting, and bullying.

• In older children and adolescents, serious 
law breaking such as stealing, damage to 
property, or assault.

• Repetitive, persistent, excessive aggression 
or defi ance; behaviors out of keeping with 
the child’s development level, norms of peer 
group behavior, and cultural context indi-
cating a disorder rather than a phase or 
transitional disruption.

• Aggression may be impulsive and associated 
with intense emotional states, or it may be 
predatory and premeditated. It is important 
to distinguish which pattern of aggression 
the child is showing.

BEHAVIORS CHARACTERISTIC 
OF OPPOSITIONAL-DEFIANT 
DISORDER (ODD)

• Symptoms may be confi ned only to school, 
home, or the community.

• Angry outbursts.
• Loss of temper.
• Refusal to obey commands and rules.
• Destructiveness.
• Hitting.
• Intentional annoyance of others, but with-

out the presence of serious lawbreaking.

BEHAVIORS CHARACTERISTIC OF 
CONDUCT DISORDER

• Vandalism.
• Cruelty to people and animals (including 

sexual and physical violence).
• Bullying.
• Lying.
• Stealing.
• Truancy.
• Drug and alcohol misuse.
• Criminal acts.
• All the features of ODD. 
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(MOAS) (developed for adults, but sometimes used with adolescents), can help confi rm 
fi ndings of the initial screening; and the use of a functional assessment tool, such as the 
Strengths & Diffi  culties Questionnaire (SDQ) or Columbia Impairment Scale (CIS), will 
help the clinician determine whether the child is signifi cantly impaired by the symptoms. For 
adolescents, consider assessing the extent of substance use. Use of a tool to assess the eff ect 
of the child’s problem on other members of the family may also be helpful; the Caregiver 
Strain Questionnaire (CGSQ) is one example of such a tool. All of these instruments require 
consideration of their results in the context of other clinical information obtained in the 
process of discussing the results with the child/youth and family members. 

Table 16-1
General Psychosocial Screening/Results Suggesting 

Disruptive Behavior and Aggression

SCREENING INSTRUMENT SCORE

Pediatric Symptom Checklist 
(PSC)-35

• Total score ≥24 for children 5 years and younger.
• ≥28 for those 6–16 years.
• ≥30 for those 17 years and older.
AND
• Further discussion of items related to disruptive behavior 

and aggression confi rms a concern in that area. 

PSC-17 • Externalizing subscale is ≥7.
AND
• Further discussion of items related to disruptive behavior 

and aggression confi rms a concern in that area.

Strengths & Diffi culties 
Questionnaire (SDQ)

• Total symptom score of >19.
• Conduct problem score of 5–10 (see instructions at www.

sdqinfo.com).
• Impact scale (back of form) score of 1 (medium impairment) 

or ≥2 (high impairment).
AND
• Further discussion of items related to disruptive behavior 

and aggression confi rms a concern in that area.

Ages & Stages Questionnaires: 
Social-Emotional (ASQ:SE)

• Cutoff score varies by age-specifi c questionnaire.

Early Childhood Screening 
Assessment

• Total score of ≥18.
AND
• Thorough emotional and behavioral history, family history, 

and close follow-up.
• Regardless of the total score, any items with a “+” circled 

should be explored further. These “+”s correlate with a 
child’s emotional or behavioral problems, although, in 
some cases, parental reassurance is all that is necessary.

Parent score
• A score of 1 or 2 on questions 39 and 40 identify depres-

sion in adult primary care settings.
• Scores >0 on items 37 and 38 should be further investigated 

for maternal distress.

http://www.sdqinfo.com
http://www.sdqinfo.com
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 ASSESSMENT
Assessment begins by diff erentiating the child’s symptoms from normal behavior. All chil-
dren are defi ant at times, and it is a normal part of adolescence to, at times, do or at least 
consider doing the opposite of what one is told. A problem or disorder may be present if the 
behaviors interfere with family life, school, or peer relationships, or put the child or others 
in danger. Children with disruptive behavior or aggression tend to exhibit repetitive and 
excessive aggression or defi ance out of keeping with developmental and social norms. Th e 
behaviors persist, rather than appearing briefl y as part of adaptation to a new situation or 
developmental period. Aggression may be impulsive and associated with intense emotional 
states, or may be predatory and premeditated. It is important to distinguish which pattern 
of aggression the child is showing.

Some conditions, such as depression (with prominent irritability), attention-defi cit/
hyperactivity (ADHD), or sleep deprivation, can mimic or co-occur with lesser degrees of 
disruptive behavior and aggression. Substance abuse may play a role in both minor and more 
severe forms of behavior problems. Having witnessed or experienced trauma, or currently 
living in a stressful or an anxiety-provoking situation may also provoke disruptive behavior. 
Table 16-2 summarizes these conditions.

In addition, perceptions of the child’s symptoms may vary among caregivers or as a 
particular caregiver’s circumstances change. A child whose behavior is perfectly accept-
able in one setting may be seen as problematic in another where there are greater dangers 
or constraints, or where a caregiver may be experiencing other stressors. Recognizing the 
infl uence of context can be therapeutic by itself and can lead to development of a more 
holistic approach to intervention engaging the child, the primary caregiver, and others 
who support them. 

 PLAN OF CARE FOR CHILDREN WITH DISRUPTIVE 
BEHAVIOR OR AGGRESSION

Suicidal or homicidal intent is an emergency requiring immediate treatment and close 
supervision of the youth at all times. Other emergencies may involve parents who feel that 
they can no longer tolerate the child’s behavior, parents who have considered expelling the 
child from the home or feel that they could harm the child, or situations in which the child’s 
behavior is related to past or ongoing trauma. Community social service agencies often have 
crisis services that may be of help in these situations and that can provide either respite care 
or emergency in-home intervention.

Th e care of a child exhibiting disruptive behavior or aggression can begin in the primary 
care setting from the time symptoms are recognized, even if the child’s symptoms do not 
rise to the level of a disorder or if referral to a mental health specialist is ultimately part of 
the care plan.

Engage Child and Family in Care
Without engagement, most families will not seek or persist in care. Th e process may require 
multiple primary care visits.4

Reinforce strengths of the child and family (eg, good relationships with at least 
1 parent or important adult, prosocial peers, concerned or caring family, help-seeking, 
connection to positive organizations) as a method of engagement, and identify any 
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Table 16-2
Conditions That May Mimic or Co-occur With Disruptive 

Behavior and Aggression

CONDITION RATIONALE

ADHD This is a common comorbidity. Association of ODD and ADHD confers a poorer 
prognosis and children tend to be more aggressive, have more behavior problems 
that are more persistent, suffer peer rejection at higher levels, and have more 
signifi cant academic underachievement. See also Chapter 45, Inattention and 
Impulsivity.

Sleep 
deprivation

Sleep problems can cause irritability and contribute to outbursts of anger and poor 
impulse control.

Learning 
problems or 
disabilities

Unidentifi ed learning diffi culties can contribute to frustration and oppositionality. If 
disruptive or aggressive behavior is associated with problems of school perfor-
mance, the child may have a learning disability. See Chapter 49, Learning Diffi culty, 
to explore this possibility.

Developmental 
problems

Children with overall intellectual or social limitations may experience frustration 
and poor impulse control.

Exposure to 
adverse child-
hood experi-
ences (ACE)

Children who have experienced or witnessed trauma, violence, a natural disaster, 
separation from a parent, parental divorce or separation, parental substance 
use, neglect, or physical, emotional, or sexual abuse are at high risk of develop-
ing emotional diffi culties such as adjustment disorder or post-traumatic stress 
disorder (PTSD) and may manifest outbursts of disruptive or aggressive behavior; 
this possibility should always be borne in mind because PTSD requires specifi c 
trauma-focused interventions. The clinician should tactfully explore the possibil-
ity that harsh physical or emotional punishment is related to the child’s behavior 
problem or that tensions might escalate to that point. Denial of trauma symptoms 
does not mean trauma did not occur; questions about ACE should be repeated as 
a trusting relationship is established. See Chapter 6, Anxiety.

Bereavement Most children will experience the death of a family member or friend sometime 
in their childhood. Other losses may also trigger grief responses—separation or 
divorce of parents, relocation, change of school, deployment of a parent in military 
service, breakup with a girlfriend or boyfriend, or remarriage of parent. Such losses 
are traumatic. They may result in feelings of sadness, despair, insecurity, anger, 
or anxiety immediately following the loss and in some instances, more persistent 
anxiety or mood problems, including PTSD or depression. In some children, such 
losses trigger aggressive or disruptive behavior. See also Chapter 14, Depression.

Anxiety Many children with disruptive or aggressive behaviors have anxiety. When faced 
with demands that make them anxious, they use oppositional behavior to manage 
their anxiety or avoid the expectations that triggered their anxiety. See Chapter 6, 
Anxiety.

Depression or 
bipolar disorder

Marked sleep disturbance, disturbed appetite, irritability, low mood, or tearful-
ness could indicate that a child is depressed. Symptoms of depression rapidly 
alternating with cycles of agitation may suggest bipolar mood disorder. Common 
symptoms of pediatric bipolar disorder include explosive or destructive tantrums, 
dangerous or hypersexual behavior, aggression, irritability, bossiness with adults, 
driven creativity (sometimes depicting graphic violence), excessive talking, separa-
tion anxiety, chronic depression, sleep disturbance, delusions, hallucinations, 
psychosis, and talk of homicide or suicide.a

Continued
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Substance use All children exhibiting disruptive or aggressive behavior should be screened for 
substance use and abuse because drug effects or withdrawal from drugs may 
cause irritability and reduced self-control.

Autism spec-
trum disorders

Children with this developmental pattern also have problems with social related-
ness (eg, poor eye contact, preference for solitary activities), language (often 
stilted), and range of interest (persistent and intense interest in a particular activity 
or subject). They often will have very rigid expectations for routine or parent prom-
ises and become anxious or angry if these expectations are not met.

ADHD, attention-defi cit/hyperactivity disorder; ODD, oppositional-defi ant disorder. 
aAbout pediatric bipolar disorder: a guide for families. Child & Adolescent Bipolar Foundation Web site. 
www.bpkids.org/site/PageServer?pagenamelrn_about. Accessed November 24, 2014

barriers to addressing the problem (eg, stigma, family confl ict, resistance to treatment). 
Use “common factors” techniques5 to build trust and optimism, reach agreement on 
incremental next steps, develop a plan of care, and collaboratively determine the role of 
the primary care physician.

Regardless of other roles, the primary care physician can encourage a positive view of 
treatment on the part of the youth and family. To do this, the physician will likely have to 
manage visits in which strong negative emotions are expressed. Parents and youth may accuse 
each other of instigating problems, or make derogatory remarks about each other. Either party 
may express hopelessness about improving the situation, and youth, in particular, may refuse 
to speak or otherwise collaborate in care. Techniques for making the best of these encounters 
include avoiding taking sides, acknowledging the legitimacy of feelings, acknowledging the 
frequency with which these problems occur, reminding that strong feelings often occur when 
people care about each other, and off ering to have separate conversations with youth and 
parents so as to give both a chance to be fully heard.

Provide Psychoeducation
Families can be assured that behavior problems are common and something for which 
the clinician is well-prepared to off er help. By the time families seek help, they are often 
discouraged and both angry and fearful of being criticized. Clinicians can help by empha-
sizing the great variation among children’s temperament and personality, families’ con-
stantly evolving circumstances and stressors, and how these factors can combine to form 
challenges for any parent. Psychoeducation can often be tailored to a given situation by 
asking parents what they think are the causes of the child’s behavior problems. Clinicians 
can acknowledge the validity of these beliefs and, to the extent necessary, begin to sketch 
out a range of other possible contributing factors that can be explored as treatment pro-
gresses. Usually, what parents are hoping to hear is a combination of reassurances that the 
behavior will improve over time and concrete plans that will work toward improvement 
in the short term.

Table 16-2
Conditions That May Mimic or Co-occur With 
Disruptive Behavior and Aggression—cont’d

CONDITION RATIONALE

http://www.bpkids.org/site/PageServer?pagenamelrn_about
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Encourage Healthy Habits
Encourage exercise, outdoor play, balanced and consistent diet, sleep (critically important to 
mental health), avoidance of exposure to frightening or violent media, limits on cell phone 
use and on TV and video games, positive and consistent (not punitive) experiences with 
parents, praise for good behavior, and reinforcement of strengths. Th is advice may extend to 
the parent; if the parent thinks that his ability to carry out normal activities is restricted by 
the child’s behavior, it may be appropriate to see if there are ways the parent can feel more 
free to do routine or enjoyable activities.

Reduce Stress
Consider the environment (eg, family social history, parental depression screening, results 
of any family assessment tools administered, reports from child care or school). Questions 
to raise might include the following:
• Is stress on the parent(s) from causes other than the child leading to parental irritability

or low mood, drinking, or greater demands for the child to behave? Are there ways 
for parents to get more support for themselves? Explore parents’ readiness to seek and 
accept help.

• Do inconsistencies or diff ering beliefs about parenting among caregivers (eg, parents, grand-
parents) undermine attempts to create rules, limits, or consequences? Can caregivers agree on 
priority behavioral problems and how to address them? Explore confl icts; seek agreement on 
common beliefs and achievable steps to help the child.

• Are nonacademic issues such as the presence of bullying contribuitng to the behavior? Are there 
other social or behavioral challenges in school? Collect information directly from the school 
to explore these issues. 
If problems are mainly or exclusively at school, parents should request that the school 

assess the child for special educational needs and develop a plan to monitor behavior while 
at school. Primary care clinicians can often provide support in these situations by commu-
nicating to the school the degree to which the parents are actively engaged in fi nding help 
for their child’s problems.

Offer Initial Intervention(s)
Th e strategies described in the following text are common elements of evidence-based 
and evidence-informed psychosocial interventions for disruptive behavior and aggres-
sion. Th ey are applicable to the care of children with mild or emerging problems with 
disruptive behavior and aggression and to the care of those with impairing symptoms 
that do not rise to the level of a disorder. Th ey can also be used as initial primary care 
management of children with CD or ODD while readying them for referral or awaiting 
access to specialty care.

Promote daily positive joint activities between parents and the child or teen. Th e clinician 
can counsel parents to reinforce compliant, pro-social behavior using parental attention 
(“Catch ’em being good” [Ed Christopherson]). In addition, parents can encourage, praise, 
and reward specifi c, agreed-upon, and desired (target) behaviors. If appropriate, they can 
be monitored with a chart. Parents can negotiate rewards with the child. Change target 
behaviors every 2 to 6 weeks; change rewards more frequently. Th e choice of target behaviors 
and the time intervals for rewards should be developmentally appropriate. Parents can be 
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encouraged to focus discipline on priority areas. Some minor unwanted behaviors can be 
ignored; often they will stop as the main focus of child-parent confl ict improves. What is 
most important is that parents fi nd a way to reduce the overall negative tone of interaction 
and fi nd as many “successes” as possible about which to comment.

Encourage parents to focus on prevention. Th ere are several ways for parents to do this. Th ey 
can reduce positive reinforcement of disruptive behavior by not responding to negative bids 
for attention and by not engaging in discussion with the child when delivering a request or 
consequence. In contrast, when children seek attention in a prosocial way, parents should 
make every attempt to respond positively, even if the response is brief. When possible, 
parents can try to reorganize the child’s day to avoid situations in which the child cannot 
control himself. Examples include asking a neighbor to look after the child while the parent 
goes shopping, ensuring that activities are available for long car journeys or other potentialy 
boring activities, and arranging activities in separate rooms for siblings who are prone to 
fi ght. In addition, parents can monitor the whereabouts of adolescents by telephoning the 
parents of friends whom they say they are visiting. All children appreciate age-appropriate 
advance notice of what will be expected of them and opportunities to make choices about 
how to meet those expectations.

Parents also can determine ways to limit contact with friends who have behavior prob-
lems and promote contact with friends who are a positive infl uence. If parents suspect 
the child’s behavior may be caused or exacerbated by a learning problem, they can request 
that the school evaluate the child for learning problems.

Encourage parents to be calm and consistent. Th e clinician can suggest the following 
strategies to parents:
• Set clear house rules and give short, specifi c commands about the desired behavior, 

not prohibitions about undesired behavior (eg, “Please walk slowly,” rather than 
“Don’t run”).

• Prioritize issues and target only a few key behaviors until things improve. Within these 
areas of behavior, make initial targets easily achievable.

• Provide consistent and calm consequences for misbehavior. Consequences should not be 
drastic or, in the case of young children, go on for so long that the child is likely to forget 
what he or she originally did wrong. “Time out” should be brief (the rule of thumb for 
preschoolers is 1 minute per year of age); consequences for older children can involve 
brief loss of privileges or parental attention. Ideally, these punishments are mirrored by 
inverse responses for good behavior, especially more parental attention.

• Find a way for children to make reparation for a negative behavior (eg, doing something 
nice for a sibling they have struck, cleaning up a mess they made while in a tantrum), 
followed by praise.

• When enforcing a rule, avoid getting into arguments or explanations, because this 
merely provides additional attention for the misbehavior; defer negotiations until 
periods of calm.

• If the behavior is taking place in public, quietly advise the child or youth that the prob-
lem has been noted but, if possible, defer a response until home or in a less public place.

• Consider parenting classes.
• See also the suggestions in Chapter 45, Inattention and Impulsivity, including Strate-

gies for Working Constructively With a Child’s School and Guidelines for Homework 
Battles.
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Create a safety and emergency plan. When behavior problems are severe or involve threats 
of violence or running away, a care plan should be developed jointly with family, including 
a listing of telephone numbers to call for emergencies. Th is listing can include hotlines, 
the on-call telephone number for the practice, or area mental health crisis response team 
contact information, according to community protocol. Th e clinician should also instruct 
the family to proactively remove weapons from the home and monitor for situations that 
trigger outbursts.

Provide Resources
Off er the child and parents educational resources to assist them with self-management. 
Helpful handouts, publications, and Web sites are included in Tools for Practice: Engaging 
Patient and Family. Provide the family with contact numbers and resources in case of an 
emergency.

Monitor the Child’s Progress Toward Therapeutic Goals
Child care, preschool, or school reports can be helpful in monitoring progress. Screening 
instruments that gather information from multiple reporters (youth, parent, teacher), 
such as the SDQ and PSC, can be helpful in monitoring progress with symptoms and 
functioning.

It is important for the clinician to help the family understand that it is not uncommon for 
treatment to be successful for a period and then seem to lose eff ectiveness. Th is can happen 
when there are new stresses or demands, or when, after a period of success, there has been 
a letup on treatment. If troubleshooting existing treatment and ways of dealing with new 
stresses does not help get function back to baseline, new treatments, or new diagnoses, need 
to be considered. In particular, as school demands increase, learning issues may need to be 
considered even if they were not seen as contributing problems in the past.

Involve Specialist(s)
Consider involving specialist(s) if the child does not respond to initial interventions or if 
indicated by the following clinical circumstances:
• Child is younger than 5 years and problems go beyond what is expected develop-

mentally.
• Family is not able to maintain a calm, consistent, or safe environment.
• Child’s behaviors are injurious to other children or animals.
• Child has comorbid depression.
• Child is experiencing severe dysfunction in any domain.
• Child has comorbid anxiety. (Th e combination of shyness, anxiety, and behavior prob-

lems is thought to be particularly risky for future behavior problems of a more serious 
nature.)

• An adolescent has co-occurring problems with substance use.
• Problems at school are interfering with academic achievement or relationships.
• Child or adolescent is involved with legal authorities. (Th is situation requires coordina-

tion with probation offi  cers and understanding the terms of probation; simply remind-
ing the adolescent and family of the consequences of violating probation can help pro-
mote participation in treatment or changes to lifestyle.) 
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When specialty care is needed, ensure that it is evidence-informed and assist the family in 
accessing it. A variety of evidence-based and evidence-informed interventions are available 
for the treatment of emotional problems in young children and for CD and ODD in 
school-aged children and adolescents. Ideally, those referred for care in the mental health 
specialty system would have access to the safest and most eff ective treatments. Table 16-3 
lists programs targeting young children and their families. Table 16-4 provides a summary 
of interventions for children and adolescents.

Approaches to improving the referral process include making sure that the family is ready 
for this step in care, that they have some idea of what the specialty care will involve, and 
that they understand what the clinician’s ongoing role may be. If the specialty appointment 
is not likely to occur in the near future, the clinician can work with parents on a plan to 
manage the problem as well as possible in the meantime.

Note that not all evidence-based interventions may be available in every community. If 
a particular intervention is not available, this becomes an opportunity to collaborate with 
others in the community to advocate on behalf of children. Increasingly, states off er both 
telepsychiatry services and consultation/referral support “warmlines” that help physicians 
provide initial treatment and locate resources. Th e availability of the latter form of help is 
tracked at www.nncpap.org.

Reach agreement on respective roles in the child’s care. If the child is referred to mental 
health specialty care, the primary care physician may be responsible for monitoring response 
to treatment through use of parent and teacher reports and communication with referral 

Table 16-3
Evidence-based Parenting Programs

CLUSTER AREA PARENTING PROGRAM

For disruptive behavioral 
problems

• The Incredible Years (www.incredibleyears.com)
• Triple P Positive Parenting Program (www.triplep.net)
• Parent-Child Interaction Therapy (http://pcit.phhp.ufl .edu)
• “Helping the Noncompliant Child” parent training program (www.

strengtheningfamilies.org/html/programs_1999/02_HNCC.html)

For high-risk pregnant women 
(First-time mother, refer before 
28 weeks’ gestation.)

• Nurse-Family Partnership (www.nursefamilypartnership.org)

For children in foster care • Attachment and Biobehavioral Catch-up (www.
infantcaregiverproject.com)

• Multidimensional Treatment Foster Care Program for Preschool-
ers (www.uoregon.edu/~snaplab/SNAP/Projects.html)

• Parent Child Interaction Therapy www.pcit.org

For parent-child relationship 
disturbances and high-risk 
parenting situations

• Circle of Security (www.circleofsecurity.net)
• Promoting First Relationships (www.pfrprogram.org)
• Parents as Teachers (www.parentsasteachers.org)
• Child Parent Psychotherapy www.childtrauma.ucsf.edu/resources/

index.htm

For children exposed to 
trauma, including sexual abuse 
or domestic violence

• Child Parent Psychotherapy
• Trauma-focused cognitive behavioral therapy (http://tfcbt.

musc.edu)

http://www.nncpap.org
http://www.incredibleyears.com
http://www.triplep.net
http://pcit.phhp.ufl.edu
http://www.strengtheningfamilies.org/html/programs_1999/02_HNCC.html
http://www.strengtheningfamilies.org/html/programs_1999/02_HNCC.html
http://www.nursefamilypartnership.org
http://www.infantcaregiverproject.com
http://www.infantcaregiverproject.com
http://www.uoregon.edu/~snaplab/SNAP/Projects.html
http://www.pcit.org
http://www.circleofsecurity.net
http://www.pfrprogram.org
http://www.parentsasteachers.org
http://www.childtrauma.ucsf.edu/resources/index.htm
http://tfcbt.musc.edu
http://tfcbt.musc.edu
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sources or agencies involved in care; engaging and encouraging a positive view of treatment; 
coordinating care provided by parents, school, medical home, and specialists; and observing 
for comorbidities. Resources available to help clinicians in this role are provided at the end 
of this chapter in Tools for Practice: Medical Decision Support.
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Everybody Gets Mad: Helping Your Child Cope With Confl ict (Web page), American 

Academy of Pediatrics (www.healthychildren.org/English/healthy-living/emotional-
wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Confl ict.aspx)

• Parents’ Roles in Teaching Respect (handout), Bobbi Conner (www.brightfutures.org/
mentalhealth/pdf/families/mc/parent_role.pdf )

Table 16-4
Psychosocial and Psychopharmacologic Treatments for 

Disruptive Behavior and Aggression (as of November 2014)a 

PSYCHOSOCIAL TREATMENTS

CLUSTER AREA  LEVEL 1 (BEST SUPPORT)  LEVEL 2 (GOOD SUPPORT)

Delinquency 
and disruptive 
behaviorb

• Anger control
• Assertiveness training
• Cognitive behavior therapy (CBT)
• Contingency management
• Multisystemic therapy
• Parent management training
• Parent management training and 

problem solving
• Social skills

• CBT and teacher training
• Communication skills
• Functional family therapy
• Parent management training and CBT
• Parent management training and 

classroom management
• Problem solving
• Rational emotive therapy
• Relaxation
• Self-control training
• Therapeutic foster care
• Transactional analysis

US FOOD AND DRUG ADMINISTRATION–APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONSc 

DIAGNOSTIC AREA PSYCHOPHARMACOLOGIC INTERVENTION

Aggression The US Food and Drug Administration (FDA) has no approved indications for 
aggression in children and adolescents apart from irritability-associated 
aggression in children with autism. In other populations, recent federally 
supported evidence-based reviews suggest effi cacy for some psychothera-
peutic agents.

aFor AAP policy, please visit pediatrics.aappublications.org/site/aappolicy.
b Excerpted from PracticeWise Evidence-Based Child and Adolescent Psychosocial Interventions. 
Reprinted with permission from PracticeWise. For updates and an explanation of PracticeWise 
determination of evidence level, please visit www.aap.org/mentalhealth.

c For up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to 
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm.

http://www.aap.org/mentalhealth
http://www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx
http://www.brightfutures.org/mentalhealth/pdf/families/mc/parent_role.pdf
http://www.brightfutures.org/mentalhealth/pdf/families/mc/parent_role.pdf
pediatrics.aappublications.org/site/aappolicy
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• Play Nicely (video), Monroe Carell Jr Children’s Hospital at Vanderbilt (www.playnicely.
org) 

Medical Decision Support
• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.

org/psychiatry/services/psc_forms.aspx)
• Strengths & Diffi  culties Questionnaires (screen), Youth in Mind, Ltd (www.sdqinfo.com)
• NICHQ Vanderbilt Assessment Scale (scale), National Institute for Children’s Health 

Quality (www.nichq.org/childrens-health/adhd/resources/vanderbilt-assessment-scales)
• Modifi ed Overt Aggression (MOAS) Scale (scale) https://depts.washington.edu/dbpeds/

Screening%20Tools/ScreeningTools.html
• Practice Parameter for the Assessment and Treatment of Children and Adolescents With 

Oppositional Defi ant Disorder (article), Journal of the American Academy of Child and 
Adolescent Psychiatry, Vol 46, Issue 1, 2007 (www.aacap.org/App_Th emes/AACAP/docs/
practice_parameters/jaacap_adhd_2007.pdf )

• Treatment of Maladaptive Aggression in Youth: CERT Guidelines I. Engagement, Assessment, 
and Management (article), Pediatrics, Vol 129, Issue 6; 2012 (pediatrics.aappublications.
org/content/129/6/e1562)

• Treatment of Maladaptive Aggression in Youth: CERT Guidelines II. Treatments and Ongo-
ing Management (article), Pediatrics, Vol 129, Issue 6, 2012 (pediatrics.aappublications.
org/content/129/6/e1577)

REFERENCES
1. Loeber R, Burke JD, Lahey BB, Winters A, Zera M. Oppositional defi ant and conduct disorder: a review 

of the past 10 years, part I. J Am Acad Child Adolesc Psychiatry. 2000;39:1468–1484 
2. World Health Organization. Th e World Report on Violence and Health. Geneva, Switzerland: World Health 

Organization; 2002
3. American Academy of Pediatrics Committee on Psychosocial Aspects of Child and Family Health. 

Guidance for eff ective discipline. Pediatrics. 1998;101:723–728 
4. Foy JM; American Academy of Pediatrics Task Force on Mental Health. Enhancing pediatric mental 

health care: algorithms for primary care. Pediatrics. 2010;125(Suppl 3):S109–S125 
5. Kemper KJ, Wissow L, Foy JM, Shore SE. Core Communication Skills for Primary Clinicians. Wake Forest 

School of Medicine. nwahec.org/45737. Accessed January 9, 2015

http://www.playnicely.org
http://www.playnicely.org
http://www.massgeneral.org/psychiatry/services/psc_forms.aspx
http://www.massgeneral.org/psychiatry/services/psc_forms.aspx
http://www.sdqinfo.com
http://www.nichq.org/childrens-health/adhd/resources/vanderbilt-assessment-scales
https://depts.washington.edu/dbpeds/Screening%20Tools/ScreeningTools.html
http://www.aacap.org/App_Themes/AACAP/docs/practice_parameters/jaacap_adhd_2007.pdf
http://www.aacap.org/App_Themes/AACAP/docs/practice_parameters/jaacap_adhd_2007.pdf
http://pediatrics.aappublications.org/content/129/6/e1562
http://pediatrics.aappublications.org/content/129/6/e1562
www.nwahec.org/45737


215

Chapter 17

Dizziness and Vertigo
Ruby F. Rivera, MD; Catherine R. Sellinger, MD

Dizziness and vertigo, although often used interchangeably, refer to very diff erent symp-
toms that have very diff erent clinical implications. Distinguishing these symptoms in young 
children may be especially diffi  cult because much of the distinction depends on the patient’s 
account of the history.

 DIZZINESS
Defi nition
Dizziness, a relatively common complaint in childhood and adolescence, is “an impre-
cise term commonly used by patients in an attempt to describe various peculiar subjective 
symptoms such as faintness, giddiness, light-headedness, or unsteadiness.”1 Patients who 
have simple dizziness do not describe the room spinning around them, and they do not 
have nystagmus.

Causes of Dizziness
Dizziness is commonly seen as a symptom of presyncope in children and adolescents with 
fever, dehydration, orthostatic hypotension, and vasovagal syncope. It is also commonly 
associated with anemia, either from acute or chronic blood loss or from a congenital condi-
tion such as sickle cell disease.2 Any heart disease or dysrhythmia that reduces cardiac output 
can cause dizziness; so too can hypertension. Hypoglycemia, which may be associated with 
altered mental status or seizures, can fi rst manifest as dizziness.3 Hyperthyroidism, hypo-
thyroidism, and Addison disease can also cause dizziness. In female adolescents, pregnancy 
should be considered in the diff erential diagnosis of dizziness. Ocular disorders such as 
refractive errors, astigmatism, amblyopia, and strabismus can cause dizziness. Dizziness is 
often a symptom of anxiety and as part of panic attacks. Dizziness may also be caused by 
medications that aff ect the ear, such as aminoglycosides, phenytoin, loop diuretics, and 
nonsteroidal anti-infl ammatory drugs. An algorithm to aid in narrowing the diff erential 
diagnosis of dizziness is shown in Figure 17-1.

When young children cannot describe dizziness or vertigo, observers tend to apply these 
terms to a child who is unsteady while standing. Disequilibrium in this age group may refl ect 
acute cerebellar problems, such as postviral acute cerebellar ataxia and posterior fossa tumors. 
In adolescents, particularly girls, ataxia as part of multiple sclerosis may be described as diz-
ziness. Another common cause of disequilibrium in young children is middle-ear disease. 
Several studies have shown deterioration in vestibular balance and motor function in children 
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with middle-ear eff usion. If not self-limited, symptoms usually resolve after placement of 
tympanostomy tubes.

 VERTIGO
Defi nition
Vertigo is “a sensation of spinning or whirling motion. Vertigo implies a defi nite sensation 
of rotation of the subject or of objects about the subject in any plane.”1 True vertigo almost 
always is accompanied by nystagmus, at least at the time of the episode.5 Th us the primary 
care physician should ask observers about the presence of nystagmus and should ask them 
to watch for it in future episodes.

Causes of Vertigo
Th e causes of vertigo can be diff erentiated based on 3 elements in the history: whether the 
vertigo is acute or chronic, whether episodes are recurrent, and whether it is accompanied 
by hearing loss. Th e causes of vertigo in children vary greatly from those in adults. Acute 
episodic vertigo is the most common type encountered by pediatricians and is usually not 
accompanied by hearing loss (Figure 17-2).
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  Figure 17-1
 Algorithm for the differential diagnosis of dizziness.
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Th e most common causes of acute episodic vertigo are migraine headaches and related 
syndromes. Benign paroxysmal torticollis of infancy is thought to be a migraine variant that 
begins in infancy and generally resolves spontaneously by 2 to 3 years of age. It is character-
ized by episodes of recurrent head tilt, which may last for hours or days and is often associated 
with vomiting, agitation, pallor, and ataxia. Benign paroxysmal vertigo of childhood is also 
considered a migraine variant and is typically seen in children younger than 5 years. Th ese 
children have the sudden onset of extreme unsteadiness and inability to stand, usually with 
nystagmus and sometimes with vomiting. Th e episodes last seconds to minutes. In many 
cases, the family has a history of migraine headaches, and many of these patients develop 
more typical migraine headaches in later life. Older children and adolescents may have epi-
sodic vertigo as a result of basilar artery migraines. Aff ected patients often have scintillating 
scotomas or visual obscuration, oral paresthesias, tinnitus, and occasionally drop attacks 
with or without loss of consciousness. Th ese early symptoms are commonly but not always 
followed by a pounding headache. Other causes of acute recurrent vertigo include seizures, 
perilymph fi stula, and benign paroxysmal positional vertigo. Seizures that are associated 
with vertigo are followed by an alteration or loss of consciousness. A perilymph fi stula is an 
abnormal connection between the inner- and middle-ear spaces. Although some fi stulas are 
congenital, most are acquired from trauma, such as direct penetrating trauma, head trauma, 
or barotrauma. Flying, diving, coughing, sneezing, or any type of excessive strain or exer-
tion may tear the oval or round window, causing a sudden onset of vertigo associated with 
hearing loss. Benign paroxysmal positional vertigo (BPPV), although extremely common 
in adults, is rare in children. BPPV is believed to be caused by otoconia (debris or ear rocks) 
that have been deposited in a sensitive location in the semicircular canal. Acute episodes 
of severe vertigo are precipitated by a change of head position and are associated with nys-
tagmus, nausea, and vomiting. Th e Epley and Semont maneuvers attempt to relocate the 
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  Figure 17-2
 Algorithm for the differential diagnosis of vertigo. Asterisk denotes an associated hearing loss.
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otoconia into a less-sensitive location. (A helpful Web site that illustrates these maneuvers 
is www.dizziness-and-balance.com/disorders/bppv/bppv.html). Vestibular neuritis exhibits 
similar symptoms to BPPV and, although uncommon in children, should be considered if 
vertigo is preceded by a viral infection. Neither BPPV nor vestibular neuritis is associated 
with hearing loss.

Vertigo with hearing loss in childhood is usually associated with severe otitis media lead-
ing to labyrinthitis. Aff ected patients are acutely uncomfortable, both from ear pain and 
from severe vertigo, usually with nausea, vomiting, and nystagmus. Less common causes of 
hearing loss with vertigo in children include head trauma or ear trauma. Ménière disease, 
consisting of vertigo, fl uctuating hearing loss, pressure in the ear, and tinnitus, is rare in 
young children, usually occurring after 11 years of age.

Chronic persistent vertigo, especially if accompanied by neurologic signs, is usually 
indicative of central nervous system disease, including tumors, acoustic neuromas (seen in 
neurofi bromatosis type II), and demyelinating and degenerative disorders.

 EVALUATION OF DIZZINESS AND VERTIGO
History
Most episodes of dizziness and vertigo can be diagnosed on history and physical 
examination. Useful information, which may lead to a particular diagnosis, is listed in 
Table 17-1.

Physical Examination
On physical examination, the physician should document orthostatic vital signs, look for 
evidence of anemia or dehydration, and pay particular attention to the head, neck, cardiac, 
and neurologic fi ndings. Th e Dix-Hallpike maneuver (Nylan-Barany test) can help localize 
the source of nystagmus or vertigo. To provoke an episode, the child is moved rapidly from 
a sitting to supine position with the head 45 degrees below the edge of the table and turned 
45 degrees to 1 side. Th e ear that is facing the fl oor when the nystagmus is elicited is the 
aff ected side. Nystagmus that resolves when the child fi xates on an object is suggestive of a 
peripheral or vestibular disease, as opposed to persistent nystagmus, which is seen in central 
nervous system disorders.

Th e ears are examined for vesicles of herpes zoster (Ramsay-Hunt syndrome); a distorted 
tympanic membrane may be seen with otitis media, cholesteatoma, and perilymph fi stula. 
Two useful maneuvers that may help in the diagnosis of perilymph fi stula are applying pres-
sure to the tragus to occlude the external auditory canal and pneumatic otoscopy; these may 
induce nystagmus or vertigo and transiently worsen a hearing loss.

Laboratory Testing and Imaging
With a limited role in the evaluation of dizziness and vertigo, laboratory tests such as 
complete blood count, metabolic panel, thyroid function tests, electrocardiogram, elec-
troencephalogram, and magnetic resonance imaging should be guided by the history and 
physical examination. In adolescent girls, a pregnancy test should also be considered. 
Formal audiometry and electronystagmography may be warranted for the evaluation of 
vertigo.

http://www.dizziness-and-balance.com/disorders/bppv/bppv.html
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 Table 17-1 
 Differential Diagnoses of Dizziness and Vertigo

 INFORMATION  POSSIBLE DIAGNOSES

 FAMILY HISTORY  

     Neurofi bromatosis  Acoustic neuroma

     Seizure disorder  Seizure

     Migraines  Benign paroxysmal torticollis of infancy
 Benign paroxysmal vertigo of childhood
 Migraine

     Unexplained syncope or sudden cardiac death  Dysrhythmias

     Anxiety, panic disorders  Anxiety

MEDICATION HISTORY  

     Aminoglycosides, loop diuretics, phenytoin, 
nonsteroidal anti-infl ammatory drugs, chemo-
therapeutic agents, quinine

 Ototoxicity
Intoxication

 MEDICAL HISTORY

     Acute or chronic blood loss  Anemia

     Palpitations or chest pain  Dysrhythmias
 Anxiety, panic disorder

     Recent life stressor  Anxiety

     Last menstrual period  Pregnancy

     Motion sickness  Benign paroxysmal vertigo of childhood
 Migraine

     Recent upper respiratory infection  Vestibular neuritis

     Fever  Otitis media
 Labyrinthitis

     Ear trauma, barotrauma  Perilymph fi stula

     Headache  Migraine
 CNS disease

     Head trauma  Temporal bone fracture
 Labyrinth or brainstem concussion
 Cerebellar contusion
 Perilymph fi stula

     Neurologic defi cits  CNS tumor
 Multiple sclerosis

     Hearing loss  Cholesteatoma
 Acoustic neuroma
 Temporal bone fracture
 Perilymph fi stula
 Labyrinth concussion
 Labyrinthitis
 Ramsay-Hunt syndrome (herpes zoster oticus)
 Ménière disease

     Triggered by change in head position  Benign paroxysmal positional vertigo
 Perilymph fi stula
 Vestibular neuritis
 Acute labyrinthitis

     Loss of consciousness or altered mental status  Seizure
Dysrhythmia
 Vasovagal syncope
 CNS disease
 Hypoglycemia

CNS,  central nervous system.
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 MANAGEMENT OF DIZZINESS AND VERTIGO
For patients who have presyncopal or orthostatic dizziness, reassurance and instructions about 
adequate hydration, about care when arising suddenly, and about the necessity of putting 
the head lower than the heart when symptoms occur generally suffi  ce for patient manage-
ment. For patients in whom dizziness is part of a panic attack or a marker of signifi cant 
stress, further history should be obtained, including any suicidal ideation, and referral for 
counseling considered.

Treatment for migrainous vertigo and its related syndromes should be symptomatic and 
targeted to the treatment of migraines (see Chapter 34, Headache).

Vestibular suppressants such as diazepam, meclizine (for children >12 years), and dimen-
hydrinate may be used to relieve the symptoms of vertigo and nausea. Antibiotics are required 
for treating labyrinthitis. Treatment for postinfectious vestibular neuritis is symptomatic and 
supportive, but evidence suggests that prednisone may be helpful.6,7

When to Refer

• Acute ataxia
• A clear history of vertigo, especially with other neurologic signs, or after head trauma or 

barotrauma
• Suspected perilymph fi stula or cholesteatoma
• Suspected seizure
• Complicated migraine

When to Admit

• Bacterial or suppurative labyrinthitis
• Head trauma with temporal bone fracture
• Space-occupying lesions
• Potential life-threatening cardiac dysrhythmias
• Labile hypertension

TOOLS FOR PRACTICE

Medical Decision Support
• BPPV: Benign Paroxysmal Positional Vertigo (Web page), Timothy C. Hain, MD (www.

dizziness-and-balance.com/disorders/bppv/bppv.html)
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Chapter 18

Dysmenorrhea
Linda M. Dinerman, MD, PC

Dysmenorrhea, or painful menstruation, is a syndrome characterized by varying degrees 
of crampy, lower abdominal pain and other symptoms such as nausea, vomiting, urinary 
frequency, low back pain, diarrhea, fatigue, thigh pain, nervousness, dizziness, sweating, 
and headache. Th e pain typically begins just after menses and lasts for about 1 to 2 days, 
but it can also begin 1 to 2 days before the onset of menses and can last up to 4 days into 
menstruation.1 Cramps may be more severe among teenagers who smoke. At least 40% to 
60% of adolescent girls suff er some degree of discomfort during menstruation, with about 
15% reporting severe symptoms and 14% reporting that they frequently miss school as a 
result of menstrual symptoms.1 Most aff ected teenage girls have primary dysmenorrhea not 
associated with pelvic or other pathologic conditions; however, causes of secondary dysmen-
orrhea always should be considered when the patient is evaluated.

 PRIMARY DYSMENORRHEA
Increased amounts of prostaglandins E2 and F2�

 in the endometrium of women with 
dysmenorrhea1 lead to smooth muscle contractions along with other symptoms such as 
vomiting and diarrhea. Th is biologic explanation correlates with the clinical observation 
that women who have anovulatory cycles usually do not have dysmenorrhea. Adolescent 
girls typically develop dysmenorrhea 1 to 2 years after menarche, correlating with the onset 
of ovulatory cycles.2

Th e incidence of dysmenorrhea increases with gynecologic age (as does the number 
of ovulatory cycles), with up to 31% of girls reporting dysmenorrhea in their fi rst year of 
menses and 78% in their fi fth year.2 Th e increase in prostaglandin synthesis may be related 
to changes in serum progesterone levels not seen in anovulatory women. Additional confi rma-
tion comes from the dramatic response women experience with use of either prostaglandin 
synthetase inhibitors or oral contraceptives, which inhibit ovulation. Increased levels of 
prostaglandin activity are associated with increased uterine tone and high-amplitude 
myometrial contractions, both of which result in reduced uterine blood fl ow and pain.

Th e assessment of a teenager with dysmenorrhea should include the following:1

• Complete menstrual history
• Timing of cramps or pain
• Missed school or other activities
• Ability to participate in social events
• Presence of nausea, vomiting, diarrhea, dizziness, or other symptoms
• Medications used, including doses
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• Factors that improve or worsen symptoms
• Family history of dysmenorrhea or endometriosis

In some cases, dysmenorrhea may be the presenting complaint when the true agenda is
otherwise.1 For example: Is the patient reluctant to attend school? Does the patient have a 
history of physical or sexual abuse? Does the patient have signifi cant psychosocial problems? 
Is the teen secretly sexually active, and is this a way for her to obtain oral contraceptives for 
the purpose of contraception?

A careful history usually excludes most pathologic causes of dysmenorrhea. Physicians 
diff er in their opinions regarding what examination is necessary to evaluate a patient with 
dysmenorrhea. In general, for a non–sexually active teenager who has mild to moderate 
menstrual cramps relieved by nonsteroidal anti-infl ammatory drugs (NSAIDs), only an 
external genital examination to rule out hymenal abnormalities is indicated. Some physicians 
would also initiate oral contraceptive pills for a few cycles before performing a pelvic exami-
nation if the dysmenorrhea is unresponsive to NSAIDs. For any sexually active teenager or, 
in the opinion of some experts, for one who is having signifi cant pain that is unresponsive 
to NSAIDs, a thorough pelvic examination is necessary. In sexually active teenagers, evalu-
ation for sexually transmitted infections and pregnancy should be included. If a pelvic 
examination is not possible, then a rectoabdominal examination will provide some useful 
information about the presence of masses or adnexal tenderness. A pelvic ultrasound may be 
useful in defi ning uterine and vaginal abnormalities associated with obstruction but is not 
helpful in the detection of pelvic or abdominal adhesions or endometriosis.1

Although treatment of primary dysmenorrhea is likely to include drug therapy, the 
physician also should take the valuable opportunity to teach the patient about her body. 
Many teenagers do not understand the physiologic mechanisms of menstruation fully or 
may have inaccurate beliefs that have been passed on from mother to daughter.

Although teenagers who have very mild discomfort benefi t from almost any analgesic, 
prostaglandin synthetase inhibitors in the form of NSAIDs are the treatment of choice 
for most young women with dysmenorrhea. Doses, both in terms of amount and timing, 
vary from patient to patient. Establishing not only prior use of specifi c medications but 
also doses is important, given that most patients use them in subtherapeutic amounts.1 
Some need medication only for part or all of the fi rst day of menstruation; others require 
medication for up to 4 days or more.1 Ibuprofen (200–800 mg every 6–8 hours) is highly 
eff ective for dysmenorrhea, as is naproxen sodium (550 mg immediately and then 275 mg 
every 6–8 hours). Mefenamic acid, an NSAID that blocks the eff ect of prostaglandin at the 
end-organ level and inhibits its production, can be used in a dose of 500 mg administered 
immediately, followed by 250 mg every 6 hours. Celecoxib, a cyclooxygenase inhibitor, 
in a dose of 200 mg every 12 hours, has been shown to be eff ective; however, intestinal 
bleeding and cardiovascular events have limited its use. In 1 study, 57% of adolescents 
used medications less often than the maximal daily frequency; thus, advising patients of 
the range of correct doses is important.2 Th ese medications are most eff ective if started 
at the fi rst sign of menstrual bleeding; women who experience signifi cant nausea with 
menses may benefi t from starting treatment at the earliest symptom of menses, even before 
bleeding occurs. If the adolescent fails to respond to 1 type of NSAID (eg, ibuprofen), 
then another (eg, naproxen sodium) should be tried because variability is noted in response 
to diff erent NSAIDs.1 Between 70% and 80% of girls will respond to one NSAID or 
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another. Th e patient should be reevaluated after 2 to 3 menstrual cycles to determine 
eff ectiveness of the treatment.

Some patients (perhaps as many as 20% to 30%) will not respond to these measures. 
In these young women, a trial of oral contraceptive pills (OCPs) used in the same way as 
for contraception usually provides relief. OCPs work by suppressing ovulation and 
decreasing endometrial prostaglandin production. Patients should be told that 2 to 3 cycles 
may elapse before contraceptives exert their maximal eff ect. If the patient is sexually active, 
then oral contraceptives are continued on a routine basis; for the non–sexually active teenager, 
therapy can be reassessed at 6- to 12-month intervals.

Low dose OCPs signifi cantly decrease the symptoms of dysmenorrhea in adult women 
and adolescents.3,4 After 3 cycles, adult patients using OCPs with 20 mcg of ethinyl 
estradiol and 150 mcg of desogestrel and adolescent patients using OCPs with 20 mcg of 
ethinyl estradiol and 100 mg of levonorgestrel experienced signifi cant relief of dysmenorrhea 
compared with those using placebo.3,4

In a study of adolescent girls using the patch (Ortho Evra) for contraception, dysmen-
orrhea decreased in 39%, increased in 11%, and resulted in no change in 50%.5 Depot-
medroxyprogesterone acetate (Depo-Provera, DMPA) is also used to prevent ovulation and 
menstrual fl ow when OCPs are not tolerated or estrogen is contraindicated.2 An extended 
oral contraceptive regimen in which OCPs are taken for up to 12 consecutive weeks followed 
by 1 hormone-free week is another treatment approach.6 Continuous OCPs have also been 
well accepted and shown to be eff ective in eliminating menses, thereby reducing dysmenor-
rhea.7 DMPA and extended oral contraceptive regimens decrease dysmenorrhea, and they 
decrease the frequency of menses.8,9

The efficacy of other treatments is still unproved. Some experts believe that heat, 
pelvic exercise, general exercise, biofeedback, relaxation therapy, massage, vitamin E, 
or various herbal remedies are effective; other authorities remain skeptical of these 
alternatives. Magnesium has been shown to be benefi cial in some studies.1 To the extent 
that smoking exacerbates dysmenorrhea, it provides yet another reason for physicians to 
urge their patients to stop smoking. The adolescent with dysmenorrhea should be 
encouraged to exercise, eat a well-balanced diet, decrease stress, and decrease caff eine 
consumption.8

Women who fail to respond to any of these measures should be referred to an adolescent 
medicine specialist or gynecologist for evaluation; they probably have secondary rather than 
primary dysmenorrhea.

 SECONDARY DYSMENORRHEA
Causes of secondary dysmenorrhea, such as pelvic infl ammatory disease (PID), endome-
triosis, and conditions arising in a variety of other organ systems, can usually be excluded 
by a careful history and physical examination. Underlying pathologic conditions should be 
anticipated in a young woman whose pain begins after 20 years of age, who has a history 
of surgery related to the genitourinary or gastrointestinal tract, or who has pain that is dull 
and constant rather than crampy.

Endometriosis is the presence of functional endometrial glands and stroma outside the 
normal anatomic location in the uterus.10 Patients who have endometriosis will have failed 
therapy with NSAIDs and oral contraceptives, and their pain may be acyclic rather than 
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cyclic. Menstrual bleeding may be irregular, gastrointestinal symptoms may be present, and 
a family history of endometriosis can often be elicited. Endometriosis also may be associated 
with dyspareunia, tenesmus, and rectal pain. Some studies of teenagers with chronic pelvic 
pain show 25% to 38% of those undergoing laparoscopy have endometriosis. In yet other 
studies, 52% to 73% of teenagers with chronic pelvic pain have evidence of endometrial 
implants.8,10 PID can cause dysmenorrhea acutely, and women often develop chronic pelvic 
pain as a consequence of PID. Even with assurances of confi dentiality, some young women 
may still not admit to sexual activity. Hence, physicians must maintain a high index of 
probability if other historical and physical examination fi ndings suggest PID. Teenagers 
who have a history of genital tract surgery, including abortion, may have outfl ow tract 
obstruction. A variety of müllerian anomalies with incomplete obstruction of the outfl ow 
tract also produce dysmenorrhea.1 Depending on the type of obstruction, a pelvic mass may 
be palpable. Endometrial polyps or fi broids are rare in women younger than 20 years but 
should be anticipated if the menstrual bleeding is heavy, prolonged, or associated with the 
passage of clots. Whether these entities alone cause dysmenorrhea is unclear.

A pelvic examination that reveals cervical motion tenderness, or adnexal tenderness, or 
masses strongly suggests PID. If the cervical os is stenotic or the cervix or uterus feels atretic 
or abnormally shaped, then outfl ow obstruction is possible (eg, a uterus with a blind horn). 
Among adult women, physical fi ndings such as small fi xed nodules in the rectovaginal septum 
or cul de sac or fi xation of the uterus indicated by the sensation of pain on stretching of 
the uterosacral ligaments suggest endometriosis. However, most adolescents generally have 
normal examinations; hence, endometriosis can be extremely diffi  cult to detect on clinical 
grounds alone.11 If a secondary cause of dysmenorrhea is thought to be present, then con-
sultation with an adolescent medicine specialist or gynecologist is warranted. Ultrasound 
examination of the uterus will rule out uterine anomalies but cannot exclude endometriosis. 
Confi rmation of endometriosis requires laparoscopy. Because the lesions of endometriosis 
in adolescents may diff er from the typical lesions seen in adults, a gynecologist who is expe-
rienced in evaluating adolescents should perform this procedure. Endometriosis may be 
diffi  cult to manage, and women who have this condition are at increased risk for infertility.

PID should be treated according to standard antibiotic regimens. Follow-up is critical 
because young women, once infected, are at risk for further episodes of PID as well as for 
chronic pelvic pain, ectopic pregnancy, and infertility.

When to Refer

For dysmenorrhea, referral might be appropriate if
• Physician feels uncomfortable prescribing OCPs for the treatment of primary 

dysmenorrhea
• Patient fails to respond to NSAIDs and OCPs
• Clinical presentation or course suggests that the patient has secondary rather than 

primary dysmenorrhea
• Patient is sexually active and the physician feels uncomfortable performing a pelvic 

examination
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When to Admit

If the cause of the dysmenorrhea is determined to be PID, some physicians would recom-
mend hospitalization of all adolescents for treatment. Others recommend hospitalization 
under certain but not all circumstances.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Center for Young Women’s Health (Web site), (www.youngwomenshealth.org)
• Menstrual Disorders (Web page), American Academy of Pediatrics (www.healthychildren.

org/English/health-issues/conditions/genitourinary-tract/Pages/Menstrual-Disorders.
aspx)
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Chapter 19

Dysphagia
Mohammad F. El-Baba, MD

Feeding and swallowing disorders are common complaints in children. Dysphagia is defi ned 
as diffi  culty swallowing, which derives from the Greek root, dys, meaning “diffi  culty,” and 
phagia, meaning “to eat.” It is not synonymous with the term odynophagia, which refers to 
painful swallowing.

 NORMAL DEVELOPMENT OF SWALLOWING
A sucking refl ex, present as early as 18 weeks’ gestation, is initially disorganized but becomes 
more organized and effi  cient for feeding by 34 to 36 weeks’ gestation. For the term newborn 
the suck is mature and effi  cient for liquid feedings.1,2 During early infancy, the infant devel-
ops a more rapid suck rate and higher suck pressure. Tongue movements are diff erentiated 
and become more coordinated, preparing the infant for pureed food by 5 to 6 months of 
age.3 After this stage, sensory experience with food increases, and oral motor skills expand 
to handle more textured food. Th e gag refl ex decreases to allow swallowing of an increasing 
amount of food with more texture. By age 2 years, chewing and tongue movements become 
more profi cient.

 NORMAL PHASES OF SWALLOWING
Swallowing is divided into 3 phases: oral, pharyngeal, and esophageal.4 Th ese phases allow the 
food and liquid to move from mouth to stomach effi  ciently and safely. In the oral phase, 
the food is mixed with saliva and chewed if needed. A single bolus of food is collected between 
the roof of the mouth and tongue. Th e bolus is propelled to the posterior of the tongue and 
then to the pharynx. In infants and young children, the suckling swallow allows the liquid 
to fall from the mouth into the pharynx.

Th e pharyngeal phase is the actual refl exive swallow stimulated by the presence of food 
on the posterior tongue. During this phase the soft palate rises to keep the food from the 
nasal passage. Th e larynx moves up and forward, closing the glottis. Th e vocal cords come 
together, the epiglottis closes over the airway, and respirations cease. Food is propelled 
further by contraction of the pharyngeal muscles and relaxation of the upper esophageal 
sphincter.

During the esophageal phase, esophageal peristalsis moves the food down the esopha-
gus into the stomach through the relaxed lower esophageal sphincter. Th e lower esopha-
geal sphincter then returns to the closed tonic state to prevent regurgitation of gastric 
contents.
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 CAUSES OF DYSPHAGIA
Any anatomic or functional disorder in the well-coordinated act of swallowing can result in 
dysphagia,5 which can be for liquids, solids, or both. In general, mechanical or obstructive 
factors result in dysphagia for solids. Dysphagia for liquids is more pronounced in patients 
with neurologic disorders. Th e causes of dysphagia in children are widespread and include 
congenital, infl ammatory, infectious, systemic, neoplastic, and traumatic reasons (Box 19-1).

Infants born before term or with a birth weight below the tenth percentile for gestational 
age are at increased risk for developing dysphagia and feeding diffi  culties. Improved survival 

Box 19-1

Causes of Dysphagia in Children
• Prematurity
• Congenital abnormalities

 Congenital anomalies of the nasal and
oral cavity
■ Cleft lip or palate
■ Choanal atresia or stenosis
■ Craniofacial anomalies (Crouzon

syndrome, Apert syndrome, Möbius
sequence, Pierre Robin sequence,
Treacher Collins syndrome)

■ Congenital nasal masses (dermoids,
encephaloceles)

 Congenital anomalies of the larynx, 
trachea, and esophagus
■ Laryngomalacia
■ Laryngeal clefts
■ Laryngeal stenosis and webs
■ Vocal cord paralysis
■ Tracheoesophageal fi stula
■ Esophageal atresia
■ Esophageal duplication

• Vascular rings
 Double aortic arch
 Right aortic arch with left ligamentum
from a descending aorta
 Innominate artery tracheal compression

• Infectious causes
 Acute pharyngitis or tonsillitis
 Peritonsillar and retropharyngeal
abscesses
 Epiglottitis
 Esophagitis (cytomegalovirus,
herpesvirus, Candida albicans)

• Infl ammatory causes
 Esophagitis secondary to 
gastroesophageal refl ux disease
 Eosinophilic esophagitis

• Neurologic or neuromuscular disorders
 Hypoxic-ischemic encephalopathy
 Head trauma
 Cerebral palsy
 Congenital malformations (Arnold-
Chiari malformation, absent corpus 
callosum)
 Degenerative diseases of white and gray 
matter
 Brainstem tumors
 Syringomyelia
 Infantile spinal muscular atrophy 
(Werdnig-Hoff mann disease)
 Diseases of neuromuscular junction

■ Myasthenia gravis
■ Guillain-Barré syndrome
■ Botulism

• Muscular
 Congenital myopathies
 Mitochondrial diseases
 Glycogen storage diseases
 Congenital muscular dystrophy and
myotonic dystrophy

• Traumatic
 External trauma
 Intubation injury

• Neoplastic
 Hemangioma
 Lymphangioma

• Miscellaneous
 Foreign-body aspiration
 Caustic ingestion
 Motor dysfunction of esophagus 
(achalasia)
 Epidermolysis bullosa
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of infants born prematurely has contributed to the increased incidence of dysphagia in 
children.6

Central nervous system impairment and developmental delay are common causes of 
dysphagia in infants and children. Almost all children with severe cerebral palsy are reported 
to suff er from some degree of dysphagia, and about 70% of children with severe traumatic 
brain injury present with dysphagia during the acute phase of care.7 Children with gastro-
esophageal refl ux disease often experience some feeding problems and food refusal.8 Refl ux 
can lead to nausea, vomiting, and esophagitis, all of which may cause feeding to be perceived 
as an aversive experience. Eosinophilic esophagitis has become a recognized entity that causes 
dysphagia in adults and children,9 and it should be considered in the diff erential diagnosis 
of children with unexplained oral aversion, feeding diffi  culties, and poor weight gain.

Prolonged tube feeding in infancy or childhood can lead to long-term feeding diffi  cul-
ties. Several factors are implicated in such diffi  culties and include age at which oral feeding 
commences, underlying medical conditions, exposure to taste and textures during sensitive 
periods, aversive experiences, and diff erent methods of delivering tube feeds.10

Infants and young children occasionally exhibit transient feeding diffi  culties such as 
selective eating, exceedingly slow eating, and tantrums. Some children without apparent risk 
factors show deviating feeding behaviors such as food refusal, aversion to feeding, low food 
intake, excessive gagging, and vomiting even before food is presented. Nonorganic feeding 
disorders are usually transient, but in 3% to 10% become persistent and carry the risk of 
inadequate growth. Early intervention and a multidisciplinary approach are crucial in the 
management of this group of children.11

 CLINICAL MANIFESTATION
Feeding disorders are commonly seen in early childhood. Minor feeding problems are 
reported in 25% to 35% of healthy young children, with major feeding disorders observed 
in 40% to 70% of infants born prematurely or children with chronic medical problems.4,6 
Aff ected infants or children commonly exhibit feeding diffi  culties, food refusal, failure to 
thrive, or sensation of food stuck in the throat or chest. Th ese children may also have 
drooling, diffi  culty initiating swallowing, change in dietary habits, aversions to certain food 
textures, and unexplained weight loss.

Some children may experience change in voice, recurrent coughing, or noisy breathing 
during feeding. Oropharyngeal dysphagia should be considered in young children with recur-
rent aspiration or unexplained respiratory symptoms.12 Respiratory symptoms that result 
from dysphagia vary and may be associated with coughing, chronic congestion, recurrent 
choking, acute life-threatening events, recurrent pneumonias, and chronic lung disease. 
Th e diff erent symptoms of dysphagia in infants and children are summarized in Box 19-2.

 EVALUATION
History and Physical Examination
A complete history and thorough physical examination of the child with dysphagia usually 
leads to the diagnosis and guides the selection of further diagnostic tests. Emphasis should 
be placed on birth history, neurodevelopmental history, and medical comorbidities. Detailed 
feeding history should include the type of current diet, texture, route of administration, meal 
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duration, and specifi c food aversion or aversions. General examination should document any 
orofacial malformation. Th e combination of micrognathia and glossoptosis seen in Pierre 
Robin sequence may cause feeding diffi  culty in an infant. Cleft lip and palate, including 
submucous cleft, are important causes of dysphagia. Newborns with choanal stenosis may 
experience diffi  culty feeding because of the obligate nasal breathing in the fi rst few months 
of life. Neurologic examination should include assessment of muscle tone and strength and 
evaluation of cranial nerve function.1,13,14

A clinical feeding evaluation should be performed by an experienced occupational thera-
pist or speech pathologist. Th is clinical evaluation includes assessment of posture, position-
ing, oral structure and function, patient motivation, and interaction between the infant and 
feeder. A variety of foods, diff erent positions, and adaptive utensils may be used during the 
examination. Specifi c symptoms observed during feeding can help identify the underlying 
disorder. Gagging, coughing, or emesis is usually present in infants with a structural or 
neurologic disorder. Repeated swallowing after feeding, fussiness, crying, or regurgitation are 
usually noted in infants with gastroesophageal refl ux disease and require further investigation.

Laboratory Evaluation
A complete blood count can be useful as a screening test for infectious or infl ammatory 
conditions. Serum protein and albumen are useful for nutritional assessment. Chromosomal 
karyotyping, metabolic analysis, or specifi c DNA tests may be required for a specifi c diagnosis 
as directed by physical and neurologic examination. Electromyography, nerve conduction 
studies, and muscle biopsy may be needed in infants with suspected neuromuscular disorders.

Imaging Studies
Chest radiography is indicated in patients with suspected pneumonia or chronic lung 
disease. Persistent pulmonary infi ltrates on chest radiograph may be better elucidated by 

Box 19-2

Symptoms of Dysphagia in Infants and Children
ORAL PHASE

• Failure to initiate or maintain sucking
• Prolonged feeding time
• Drooling

ORAL HYPERSENSITIVITY

• Exaggerated gag refl ex
• Diffi  culty making the transition to textured 

foods
• Sensitivity to touch in and around mouth

ORAL HYPOSENSITIVITY

• Retaining food in the mouth
• Increased drooling

PHARYNGEAL PHASE

• Coughing
• Choking
• Noisy breathing during feeding
• Nasopharyngeal refl ux

ESOPHAGEAL PHASE

• Spitting up or vomiting
• Irritability or arching during feeding
• Preference for liquid food
• Sensation of food stuck in the throat



Dysphagia 231

high-resolution chest computed tomography (HRCT). Computed tomography or magnetic 
resonance imaging of the brain may be especially helpful in patients with suspected central 
nervous system injury or structural abnormalities.

Diagnostic Studies

Upper Gastrointestinal Barium Study
Barium radiography plays a role in evaluating esophageal dysphagia. It is valuable in assessing 
anatomic or structural abnormalities, such as strictures, fi stulas, masses, or intestinal rota-
tional anomalies. Barium studies are usually more sensitive than endoscopy in the evaluation 
of patients suspected to have achalasia or vascular ring. In most cases, vascular rings appear 
as a persistent indentation of the esophagus.15

Videofl uorographic Swallowing Study
Th e videofl uorographic swallowing study (VFSS), also known as the modifi ed barium 
study, is considered the gold standard for assessment of the oral and pharyngeal stages of 
swallowing and allows the physician to determine the risk of aspiration.15–17 Conducted 
jointly by a radiologist and a dysphagia-trained speech pathologist or occupational therapist, 
the VFSS provides evidence of all categories of oropharyngeal swallowing dysfunction, 
which include inability or excessive delay in initiation of pharyngeal swallowing, aspiration 
of food, nasopharyngeal regurgitation, and residue of food within the pharyngeal cavity 
after swallowing.

During this study the child will drink or eat foods mixed with barium while radiographic 
images are observed and recorded. Patients’ diffi  culties with diff erent food textures can be 
identifi ed and compatible diets planned. Th e defi nitive fi nding of aspiration will permit 
the physician to make suggestions to avoid the off ending consistency, usually thin liquids. 
Furthermore, the study allows for testing of the effi  cacy of compensatory dietary modifi ca-
tions, postures, and swallowing maneuvers so that the observed dysfunction can be cor-
rected. Its disadvantages are those of exposure to ionizing radiation, hence a time limit on 
the study duration and a need for patient cooperation. Dose limiting techniques, such as 
pulsed fl uoroscopy and tight coning, will be eff ective in eliminating unnecessary radiation.

Fiberoptic Endoscopic Evaluation of Swallowing
In fi beroptic endoscopic evaluation of swallowing (FEES) a fi beroptic endoscope is intro-
duced into the nose and advanced into the laryngopharyngeal area, permitting observation 
of the pharyngeal phase of swallowing. A swallowing assessment is performed with liquids 
and a variety of textures, if developmentally appropriate. Typically, dye is added to the food 
to provide better visualization and to determine residual pooling of food versus saliva. Th e 
feeding parameters evaluated in this study are laryngeal penetration and aspiration.17 FEES, 
combined with laryngopharyngeal sensory testing, has shown that patients with a higher 
laryngopharyngeal sensory threshold are more likely to experience laryngeal penetration 
and aspiration during a feeding assessment.18,19 Th e ability to initiate airway closure with 
stimulation demonstrates airway protection. FEES and sensory testing may be particularly 
valuable for the evaluation of swallowing safety in children who refuse to ingest adequate 
amounts of barium to perform VFSS.
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Esophagogastroduodenoscopy
Endoscopy is suggested for most patients with dysphagia of esophageal origin to establish 
or confi rm a diagnosis, to seek evidence of esophagitis, and, when appropriate, to imple-
ment therapy.20 It is particularly useful in evaluating patients suspected of having strictures, 
webs, mucosal infl ammatory lesions, or specifi c infections. Endoscopic and histologic fea-
tures are required for the diagnosis of eosinophilic esophagitis. A normal appearance of the 
esophagus during endoscopy does not exclude histopathological esophagitis; subtle mucosal 
changes such as erythema and pallor may be observed in the absence of esophagitis. During 
endoscopy, esophageal biopsy should be performed to detect microscopic esophagitis and 
to exclude causes of esophagitis other than gastroesophageal refl ux.

Esophageal Manometry
Esophageal manometry, the standard test for disorders of esophageal motility, is especially 
useful in establishing a diagnosis of achalasia and for detecting esophageal motor abnormali-
ties associated with autoimmune diseases.

Esophageal pH Probe Study
Esophageal pH monitoring, a valid and reliable measure of acid refl ux, is useful to establish 
the presence of abnormal acid refl ux, to determine whether a temporal association exists 
between acid refl ux and frequently occurring symptoms, and to assess the adequacy of 
therapy in patients who do not respond to treatment with acid suppression. Most centers 
are currently replacing pH monitoring with combined multiple intraluminal impedance 
(MII) and pH monitoring. Th is test detects acid and nonacid refl ux episodes. It is superior to 
pH monitoring alone for evaluation of the temporal relation between symptoms and GER.

Scintigraphy
Scintigraphy is useful in the evaluation of gastric emptying and can also demonstrate episodes 
of aspiration detected during a 1-hour study or on images obtained up to 24 hours after the 
test feeding is administered. Th e role of scintigraphy in diagnosing gastroesophageal refl ux 
disease in infants and children is unclear. 

 MANAGEMENT
Management of children with dysphagia often involves a multidisciplinary approach, the 
aims of which are to identify and characterize dysphagia and identify the underlying cause 
whenever possible. Special emphasis should be placed on detection of treatable conditions, 
which include surgically or endoscopically treatable structural abnormalities, infl ammatory 
conditions (eg, refl ux esophagitis, eosinophilic esophagitis), specifi c infections, and underly-
ing systemic conditions.

Th e goals of managing dysphagia are to reduce aspiration, improve the ability to eat 
and swallow, and optimize nutritional status. Feeding therapy for infants and children may 
include the strategies described below.1,21

Normalization of Posture and Tone
Head and trunk control are crucial to the development of oral motor skills. Children 
with neurologic abnormalities frequently have poor head control and poor trunk stability. 



Dysphagia 233

Occupational and physical therapy can be used to improve head control, neck and trunk 
tone, and posture as a basis for improved oral motor function.

Adaptation of Food and Feeding Equipment
Food and feeding equipment may be adapted by changing the attributes of food and liquids, 
such as bolus volume, consistency, temperature, and taste. Adjustments in feeding schedule 
may be benefi cial for children receiving continuous tube feeds with supplemental food orally. 
Th e feeds can be changed gradually to bolus feeds to stimulate the child’s appetite. Th e rate 
of feeding should be paced to allow suffi  cient time to swallow before giving another bite. In 
addition, the bottle or utensils may be changed according to the child’s needs.

Oral Motor Therapy
Oral motor therapy is focused on improving the oral phase of feeding and may include 
stimulation with stroking, stretching, brushing, icing, tapping, and vibrating areas of the 
face and mouth.

Nutritional Support
Management of dysphagia must focus on meeting the child’s nutritional needs for adequate 
growth. When a patient is unable to achieve adequate nutrition and hydration by mouth, 
supplemental feedings through a nasogastric tube or a percutaneous endoscopic gastrostomy 
may be necessary. Th e presence of a feeding tube is not a contraindication for therapy. Many 
children with feeding disorders have neurologic or anatomic abnormalities that cannot be 
corrected, making oral feeding diffi  cult or unsafe.

 MANAGEMENT OF ASSOCIATED DISORDERS
Associated disorders, such as gastroesophageal refl ux disease, eosinophilic esophagitis, and 
chronic lung disease, may also need to be specifi cally managed. Application of synchronized 
neuromuscular electrical stimulation to cervical swallowing muscles (VitaStim therapy) 
has been shown to improve oral intake and help restore normal swallowing mechanism in 
adults,22,23 but empirical data are lacking to support its use in children.

When to Refer

A referral to a pediatric dysphagia center, if available, provides the most complete method 
to establish a diagnosis and render a management plan. Members of the team vary from 
center to center and usually include a gastroenterologist, otolaryngologist, pulmonologist, 
physical medicine and rehabilitation specialist, surgeon, occupational therapist, and pediatric 
dietitian. Referral is warranted
• When symptoms are persistent
• When the cause of dysphagia is unclear
• On evidence of aspiration

When to Admit

• Severe feeding diffi  culties
• Malnutrition
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• Failure to thrive
• Dehydration
• Aspiration
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 Chapter 20

Dyspnea
Jay H. Mayefsky, MD, MPH

Dyspnea is the uncomfortable feeling of not being able to satisfy air hunger. Patients may 
complain of not being able to catch their breath or of a suff ocating feeling. As with any 
subjective complaint, the diagnosis of dyspnea and its cause in an infant or young child can 
be problematic. Th erefore, to evaluate fully a child in respiratory distress, the pediatrician 
must be familiar with the pathophysiologic features, signs, and common causes of dyspnea. 
With the aid of the medical history, physical examination, and appropriate laboratory tests, 
the condition can be diagnosed and therapy initiated.

 PATHOPHYSIOLOGIC FEATURES
Dyspnea is seen most commonly with exercise because of the increased work of breathing 
necessary to keep up with the body’s increased metabolic demands. Th e sensation is prob-
ably transmitted from stretch receptors in the chest wall muscles to the central nervous 
system (CNS). Chemoreceptors play a role, sensing changes in arterial pH, oxygen, and 
carbon dioxide concentrations, as well as chest wall proprioceptors, lung stretch receptors, 
and mechanoreceptors in the heart, skeletal muscles, and upper airway.1 Th e transmission 
is processed in the CNS, causing the individual to experience the sensation of dyspnea. 
With exercise, the person who has dyspnea is aware of an increased ventilatory eff ort. Under 
these circumstances, the dyspnea is relieved after the exercise ceases and the pH and oxygen 
and carbon dioxide levels return to normal. Dyspnea also occurs when ventilation or gas 
exchange is compromised.

To satisfy their oxygen needs, children who have dyspnea must increase their minute 
ventilation ( &VE), working harder to do so. In normal breathing, respiratory muscles work 
only during inspiration, and the diaphragm does most of the work. Th e work of inspiration 
is the sum of the work necessary to overcome the elastic forces of the lung, the tissue viscosity 
of the lung and chest wall, and airway resistance. When any of these factors is increased (eg, 
elastic force and tissue viscosity in restrictive pulmonary disease, resistance in obstructive 
airway disease), the work of inspiration must increase to maintain adequate &VE. Th e accessory 
muscles of inspiration (the sternocleidomastoid, anterior serratus, and external intercostal 
muscles) are recruited to accomplish this task. Contraction of these muscles causes forceful 
expansion of the thorax, resulting in an unusually large negative intrathoracic pressure. Th is 
negative pressure draws in the soft tissues of the chest wall and creates 1 of the classic signs 
of dyspnea, retractions, which may be seen in the suprasternal, infrasternal, intercostal, 
subcostal, and supraclavicular areas. An alternative way to maintain an adequate &VE is to 
increase the rate of breathing; hence the second classic sign of dyspnea, tachypnea. Nasal 
fl aring and grunting are other signs during respiration.
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Little energy is expended during normal expiration. Relaxation of the diaphragm, elastic 
recoil of the lungs and chest wall, and compression of the lungs by the intra-abdominal 
organs force air from the lungs. In obstructive airway disease the force generated by these 
processes may not be great enough to eff ect adequate expiration. With tachypnea the elastic 
recoil may not be fast enough to allow adequate exhalation between breaths. In either instance 
the accessory muscles of expiration are used. Th e abdominal recti muscles contract and 
force the abdominal contents against the diaphragm to compress the lungs, and the internal 
intercostal muscles contract to pull the ribs downward and create a positive intrathoracic 
pressure to force the air from the lungs. Th e contractions of these muscles provide the most 
important expiratory sign of dyspnea.

Although dyspnea is a respiratory symptom, it may be caused by primary disorders in 
other body systems. Cardiac, hematologic, metabolic, circulatory, and psychogenic causes 
must be considered in the diff erential diagnosis of dyspnea. Th e child’s age is also important, 
because the frequency of some disorders may vary with age.

History
Th e history begins with a complete description of the dyspnea. Th e patient or parent should 
be asked whether the onset was sudden (eg, inhaled foreign body, lung collapse) or evolved 
over several hours (eg, asthma, diabetic ketoacidosis). Th e patient should also be asked about 
the duration of the illness, the frequency of attacks of dyspnea, and whether a trigger or 
event is apparent that is temporally related to the onset of dyspnea. An attempt should be 
made to quantify the severity of the dyspnea. Th is task may be accomplished by asking to 
what degree daily activities are restricted by shortness of breath. However, given that dys-
pnea is a subjective sensation, its perceived severity can be aff ected by the patient’s anxiety 
level, previous experiences, perceived control over the symptom, perceived consequences 
of the symptom, and available coping resources.2 Th e chronic use of medications such as 
inhaled corticosteroids and �2-agonists has also been shown to have an eff ect on the patient’s 
perception of dyspnea.3,4 Th erefore, whenever possible, objective measures as discussed here 
should be obtained.

An inquiry should be made as to whether the dyspnea is aff ected by the patient’s position. 
With unilateral lung disease, dyspnea may get worse when the patient lies with the aff ected 
lung down. Dyspnea that worsens with recumbency is often caused by left-ventricular failure, 
obstructive airway disease, or muscle weakness. Dyspnea in the upright position relieved by 
lying down usually is caused by intracardiac, vascular, or parenchymal lung shunts.

Th e patient should also be asked about associated symptoms such as cough, wheezing, 
sputum production, and pleuritic pain. In addition, a history of other known illnesses, 
allergies, illnesses in the family, medication, and environmental exposure must be obtained.

Clinical Evaluation
A thorough physical examination is always indicated, with special attention paid to the 
aforementioned systems. Th e most useful laboratory tests are the complete blood count 
and peripheral blood smear, arterial blood gas measurement, and radiographic studies 
of the airways and lungs. Measurement of arterial oxygen saturation by pulse oxim-
etry is invaluable for its capacity to assess oxygenation status quickly and noninvasively. 
Pulmonary function tests are helpful but may not be immediately available for evaluation 
of an acutely ill patient.
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 ETIOLOGY AND CLINICAL PRESENTATION
Pulmonary Disease
Pulmonary disease that causes dyspnea can be classifi ed as obstructive, restrictive, or vascular.

Obstructive Pulmonary Disease
Obstructive disease is characterized by narrowing of airways that can be caused by intralu-
minal objects (mucus, foreign bodies, or tumor), intramural factors (smooth-muscle con-
traction, edema, or bronchomalacia), or extramural compression (tumor or lymph nodes). 
Th e narrowing increases both airway resistance and turbulent fl ow in the airways. If a fi xed 
obstruction is present, then aff ected areas of the lungs will become atelectatic. With a ball 
valve–type obstruction (ie, air can get into the lungs but not out), air is trapped, and aff ected 
areas become hyperinfl ated. In either case, an imbalance occurs between pulmonary ventila-
tion and perfusion, and oxygen exchange is adversely aff ected.5 All of these processes force 
the patient to work harder to maintain adequate ventilation; dyspnea ensues.

During normal respiration, inspiration and expiration are of equal length. With a fi xed 
degree of obstruction, both processes are equally prolonged. If the obstruction varies and is 
extrathoracic (ie, above the vocal cords), then inspiration is aff ected more because the nega-
tive intra-airway pressure during inspiration tends to collapse the extrathoracic airway. Th e 
characteristic sign of such an obstruction is inspiratory stridor (see Chapter 74, Stridor).

If the obstruction varies and aff ects the intrathoracic airways, then expiration is prolonged 
because the positive intrathoracic pressure tends to collapse these airways during expiration. 
If larger airways are involved, then rhonchi are present. Airfl ow across an obstruction in 
smaller airways generates wheezing.

A paradoxical pulse and cyanosis are sensitive, but nonspecifi c, signs of severe obstruction. 
Patients who have chronic obstructive disease may be barrel chested and have signs of chronic 
hypoxia such as clubbing. Children who have a systemic disease, such as cystic fi brosis, will also 
show the extrapulmonary manifestations of this disease. Th e common causes of obstructive 
airway disease in childhood are shown in Box 20-1. Obstruction in the nose or nasopharynx 
should not be overlooked, especially in infants who are obligatory nasal breathers.

Blood gas values may be normal with mild obstructive disease. As the disease progresses, 
hypoxemia is the fi rst sign of abnormality. Hypocapnia, initially seen as a refl ection of 
increased &VE, is replaced by hypercapnia as the maldistribution of ventilation and perfusion 
increases. Th e patient then tires, and respiratory failure occurs.

Th e chest radiograph may reveal whether the cause of the obstruction is inside or 
outside the airway. In many instances, hyperinfl ation with an increased anteroposterior 
chest diameter and fl attened diaphragm are seen. Atelectasis may appear with a fi xed 
obstruction. Fluoroscopic examination or inspiratory and expiratory radiographs may be 
useful in localizing a ball valve–type obstruction. However, an important point to remember 
is that many foreign bodies are radiolucent and will not be seen on radiographic examina-
tion. If a radiolucent foreign body is suspected, then laryngoscopy, bronchoscopy, or even 
esophagoscopy may be required.

Restrictive Pulmonary Disease
Th e cardinal features of restrictive pulmonary disease are a reduction in lung volume and 
pulmonary compliance secondary to pathologic changes in the lung parenchyma or the 
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pleura, deformities of the chest wall, or neuromuscular disease. Decreased volume neces-
sitates an increase in respiratory rate to maintain a normal &VE. Th e work of breathing must 
be increased to overcome the reduced compliance. Because breathing rapidly with small tidal 
volumes is more energy effi  cient than breathing slowly and attempting to expand the chest 
against great restrictive forces, children who have restrictive diseases characteristically have 
rapid, shallow respirations.6 Th e common pediatric causes of restrictive pulmonary disease 
are listed in Box 20-2.

Observation of the child often reveals skeletal and neuromuscular causes. Pleural and 
parenchymal diseases are detected best by palpation, percussion, and auscultation of the chest. 
Tactile fremitus can demonstrate pulmonary consolidation or pleural eff usion. Careful per-
cussion reveals eff usions, consolidation, and abnormal diaphragmatic excursion. Auscultation 
can reveal rales characteristic of alveolar disease and changes in whispered pectoriloquy and 
egophony.

Th e complete blood count may be helpful in diagnosing an infectious cause. Arterial 
blood gases have a characteristic pattern of hypoxemia and hypocapnia. Th e chest radiograph 
is useful because it can demonstrate decreased lung volume, pleural thickening and eff u-
sions, increased interstitial markings, parenchymal consolidation, skeletal deformities, and 
abnormal movement of the diaphragm.

BOX 20-1

Causes of Obstructive Pulmonary Disease
NEWBORNS

• Choanal atresia or stenosis
• Dermoid cyst
• Encephalocele
• Nasolacrimal duct cyst
• Hemangioma
• Vocal cord paralysis
• Pierre Robin sequence
• Ankyloglossia (tongue tie)
• Pertussis
• Tracheal stenosis (postintubation)

INFANTS

• Foreign body
• Vascular ring
• Tracheal web
• Bronchiolitis
• Asthma
• Cystic fi brosis
• Bronchomalacia
• Pyogenic thyroid
• Accessory thyroid

CHILDREN AND ADOLESCENTS

• Foreign body (airway or esophagus)
• Asthma

• Adenopathy
 Lymphoma
 Systemic lupus erythematosus
 Tuberculosis
 Sarcoidosis 

• Croup
• Epiglottitis
• Retropharyngeal abscess
• Enlarged tonsils or adenoids
• Cystic fi brosis
• Anaphylaxis
• Laryngeal tumor
• Vocal cord tumor
• Tracheal tumors
• Mediastinal tumors
• Vocal cord polyp
• Laryngeal trauma
• Supraglottitis
• Diphtheria
• Bacterial tracheitis
• Ingestion of caustic substance
• Crack cocaine
• Trauma
• Environmental or occupational inhaled 

toxin exposure
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Vascular Pulmonary Disease
Vascular lung disease is characterized by a decrease in the size of the pulmonary vascular 
bed. In the neonate, this disease often results from persistent pulmonary hypertension of 
the newborn.7 Microthrombi have also been reported in the lungs of infants who are in 
severe respiratory distress.8 In older children, the most common cause of vascular pul-
monary disease is intimal hyperplasia after persistent left-to-right shunting and resultant 

BOX 20-2

Causes of Restrictive Pulmonary Disease
NEWBORNS

• Hyaline membrane disease
• Hypoplastic lungs
• Pulmonary agenesis
• Eventration of the diaphragm
• Meconium aspiration
• Pneumonia (group B streptococci 

or gram-negative organisms)
• Diaphragmatic paralysis
• Osteogenesis imperfecta
• Central nervous system 

depression
 Hypoxia
 Congenital
 Maternal drugs 

• Congenital myasthenia gravis
• Aspiration
• Pulmonary edema

 Septicemia
 Congenital heart disease

INFANTS

• Pneumonia
 Bacterial
 Viral
 Aspiration 

• Bronchopulmonary dysplasia
• Wilson-Mikity syndrome
• Hamman-Rich syndrome
• Pulmonary edema
• Infantile botulism
• Congenital lobar emphysema

CHILDREN AND ADOLESCENTS

• Skeletal
 Kyphoscoliosis
 Ankylosing spondylitis
 Pectus excavatum
 Crush chest injury

• Parenchymal
 Pneumonia
 Hypersensitivity pneumonitis
 Systemic lupus erythematosus
 Scleroderma
 Fibrosis
 Toxin inhalation
 Granulomatous disease
 Drugs (eg, antineoplastic agents, narcotics)
 Carcinoma
 Fat embolus
 Pneumothorax
 Pneumomediastinum

• Smoke inhalation
• Pulmonary infarction
• Pulmonary edema

 Congestive heart failure
 Sepsis
 Intracranial disease
 Croup
 Epiglottitis

• Neuromuscular
 Cord transection
 Myasthenia gravis
 Muscular dystrophy
 Multiple sclerosis
 Guillain-Barré syndrome
 Pickwickian syndrome
 Toxins 

• Pleural eff usion
 Pneumonia
 Malignancy
 Cardiac disease
 Hepatic disease
 Renal disease
 Rheumatologic disease

• Hypoproteinemia
• Renal failure
• Tumor
• Pulmonary infarction 
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pulmonary hypertension. Th e size of the pulmonary vascular bed can also be reduced by 
obstruction caused by thromboembolic disease, obliteration (eg, vasculitis), or destruction, 
as in emphysema. Th e reduced blood fl ow through the lungs results in arterial hypoxemia 
and hypercapnia, which, in turn, lead to the symptoms and signs of dyspnea.

In addition to the common signs of dyspnea, the child who has vascular lung disease 
may have signs of pulmonary edema and pleural eff usion. Systemic signs of right-sided heart 
failure caused by pulmonary hypertension or left-sided heart failure that was the cause of 
the pulmonary hypertension may be present. Th e cardiac fi ndings observed with pulmonary 
hypertension are an accentuated P2, paradoxical splitting of second heart sound, a third heart 
sound, a pulmonary ejection click, and a right-ventricular heave.

An electrocardiogram is helpful in the diagnosis of right-ventricular hypertrophy. A chest 
radiograph may reveal increased right ventricular size, enlargement of the pulmonary artery 
silhouette, decreased pulmonary blood fl ow in advanced disease, or increased fl ow early in 
the course of disease, with a left-to-right shunt.

Exercise-Induced Dyspnea
As described earlier, dyspnea is a normal sensation felt during exercise, especially for children 
with a sedentary lifestyle and poor cardiovascular conditioning. However, if the dyspnea is 
severe, occurs after only minimal exertion, or is troublesome to the patient, then investiga-
tions into the cause of exercise-induced dyspnea (EID) are warranted.

Asthma is the most common cause of pathologic EID. However, when other signs and 
symptoms of asthma are absent, or when pretreatment with beta-agonistic medications does 
not prevent EID, then other causes must be considered. Th ese causes include vocal cord 
dysfunction, exercise-induced laryngomalacia, exercise-induced hyperventilation, restrictive 
airway disease caused by skeletal abnormalities such as scoliosis and pectus deformities, and 
cardiac arrhythmias that occur only during exercise.9,10

Cardiac Disease
Dyspnea occurs with cardiac disease when insuffi  cient blood is pumped to the lungs as a 
result of congenital structural anomalies in the heart, pump failure (myocarditis or cardio-
myopathy), restrictive pericarditis, arrhythmia, or, as already described, secondary pulmo-
nary hypertension. Heart disease must be considered in all dyspneic newborns and older 
children who have a history of congenital heart disease. In the neonate, pulmonary disease 
can often be diff erentiated from cyanotic heart disease through a hyperoxia test. Th e nature 
of the cardiac defect can be delineated with the help of a thorough cardiac examination, an 
electrocardiogram, a chest radiograph, and an echocardiogram.

A trivial respiratory infection in a healthy child may cause severe respiratory insuffi  ciency 
in a child who has cardiopulmonary disease. Indeed, the mortality of infants who have 
respiratory syncytial viral pneumonia and congenital heart disease has been shown to exceed 
signifi cantly the mortality of children who have normal hearts.11

Hematologic Disease
If the oxygen-carrying capacity of the blood is reduced suffi  ciently, then tissue hypoxia ensues. 
Th e resultant drop in arterial pH signals the CNS and stimulates the onset of dyspnea. 
Severe anemia, whether chronic or acute, congenital or acquired, can cause dyspnea. Th e 
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oxygen-carrying capacity can also be lowered when the hemoglobin’s ability to bind oxygen 
is reduced, seen most commonly with carbon monoxide poisoning but also with cyanide 
poisoning and methemoglobinemia. In any of these cases the child will not be cyanotic. 
Th e blue color of cyanosis is caused by at least a 5-g/dL reduction of oxygenated hemo-
globin in the blood. Such a concentration of reduced hemoglobin is not found in anemia 
uncomplicated by other diseases or in the other conditions cited. Conversely, an infant with 
polycythemia whose blood is hyperviscous may have dyspnea from poor perfusion. Because 
such an infant has an increased hemoglobin concentration and more oxygen is removed 
from the hemoglobin as a result of decreased fl ow, the child may be cyanotic (having more 
than 5 g/dL unsaturated hemoglobin) and not hypoxic. An extreme elevation of leukocyte 
or platelet counts can also cause blood hyperviscosity and dyspnea.

Children with anemia, even though they may have tissue hypoxia and be dyspneic, are 
usually not hypoxemic; that is, the arterial oxygen tension measured by blood gas analysis 
is in the normal range.

Metabolic Disease
Disorders that increase the body’s rate of metabolism and therefore oxygen consumption 
can cause dyspnea. Examples are hyperthyroidism12 and fever. Metabolic disorders associ-
ated with an increased production of hydrogen ion and carbon dioxide cause a dyspnea-
like breathing pattern to help rid the body of the carbon dioxide. Th e classic example is 
Kussmaul breathing with diabetic ketoacidosis. Aspirin poisoning can be characterized 
similarly. In addition, children who have various muscle enzyme defi ciencies, especially 
those aff ecting the mitochondria, may have dyspnea as a result of their increased acid 
production and decreased work tolerance.13,14 In chronic renal failure the kidney’s inability 
to remove acid from the blood adequately is the underlying cause of dyspnea. Th e history, 
physical examination, and appropriate laboratory tests should facilitate the proper diagnosis 
of these diseases.

If oxygen cannot reach the tissues, then the body responds with dyspnea, cardiovascular 
collapse, and shock.

Obesity
Dyspnea, especially with exertion, is a common complaint of obese children because their 
metabolic requirement for a given amount of work is increased.15,16 In addition, the dia-
phragm of an obese child must move against increased abdominal pressure, and the chest 
wall is heavier; thus, more energy must be expended to maintain &VE.

Asthma does not seem to play an important role as a cause of dyspnea in obese individuals. 
Although obesity is a risk factor for self-reported asthma, bronchodilator use, and dyspnea 
on exertion, obese individuals have a lower risk of objective airway obstruction as compared 
with persons who are not obese.17

Treatment of dyspnea in obesity should include dietary regulation and an exercise program 
graded to keep pace with the child’s level of exercise tolerance.

Pregnancy
Dyspnea is normal during pregnancy18 and occurs during the first or second trimes-
ter. Seventy-six percent of women complain of dyspnea by the 31st week of gestation. 
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Th e sensation refl ects a subjective awareness of the hyperventilation normally present dur-
ing pregnancy.

Th e normal dyspnea of pregnancy can be diff erentiated easily from dyspnea arising from 
heart or lung disease. Th e woman who has dyspnea of pregnancy has no other symptoms of 
cardiac or pulmonary disease. Furthermore, dyspnea of pregnancy begins early and plateaus 
or improves as term approaches, while dyspnea resulting from heart disease begins during 
the second half of pregnancy and is worst during the seventh month. Finally, dyspnea of 
pregnancy is rarely severe, rarely occurs at rest, and does not interfere with the activities 
of daily life.

Intravenous Drug Use
Several causes of dyspnea must be considered in patients with a history of intravenous 
drug use. Heroin can cause bronchospasm that responds to bronchodilator medications. In 
addition, heroin and other opioids may precipitate pulmonary edema.19 Th erapies consist 
of oxygen, diuretics, and naloxone.

Infections also may cause dyspnea in intravenous drug users. Th e most common infec-
tion is community-acquired pneumonia. However, opportunistic pulmonary infections, 
tuberculosis, and bacterial endocarditis with associated septic pulmonary emboli or heart 
failure must be considered.

Finally, talc granulomatosis, which can lead to chronic mild to moderate dyspnea, must be 
considered. It is caused by intravenous injection of dissolved opioid tablets, with deposition 
of foreign bodies in the pulmonary vasculature and granuloma formation.

Psychogenic Cause
Stress or hysteria may cause dyspnea.20 A complete history and thorough physical examina-
tion are keys to the diagnosis. Aff ected patients are tachypneic and complain of air hunger. 
When dyspnea is caused by pulmonary or cardiac conditions, the shortness of breath wors-
ens with increasing activity and improves with rest. However, the dyspnea associated with 
hysteria does not improve with rest and may worsen. Aff ected patients also often complain 
of chest pain and sigh more frequently than normal. Contrary to previous belief, tetany is 
an uncommon accompaniment of hysterical dyspnea.

Findings on physical examination are usually normal. However, stress-induced paradoxi-
cal adduction of the vocal cords during inspiration has been reported.21 Patients with this 
disorder may have either stridor or wheezing. In this instance the diagnosis of hysterical 
dyspnea is one of exclusion, and it can be made only after pathological lesions in the airways 
and lungs have been ruled out.

In most instances, the only laboratory abnormality found with hysteria-induced dyspnea 
is a diminished arterial carbon dioxide tension.

Treatment consists of calm reassurance and, occasionally, mild sedation. If the condi-
tion is chronic, then interventions to reduce stress and gain insight into the cause of the 
dyspnea, such as psychotherapy and hypnosis,22 may be required. When paradoxical vocal 
cord motion is the cause, the patient should also be taught laryngeal relaxation techniques.

 MANAGEMENT
Severe acute dyspnea is a medical emergency. If not treated promptly, a child who has dyspnea 
may then progress rapidly to respiratory failure and death. First, the adequacy of the airway 
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must be assessed. Foreign bodies must be removed and anatomic obstructions bypassed with 
endotracheal intubation or, in rare cases, tracheotomy. Bronchospasm, when present, should 
be treated with beta-agonistic drugs.

Subsequently, the effi  cacy of the child’s ventilation must be evaluated. Normally, breath-
ing uses 2% to 3% of the total body energy expenditure. When the work of breathing is 
increased during dyspnea, this amount may rise to 30% or more. Such a degree of energy 
expenditure cannot be continued indefi nitely, and the child tires. Even after an obstruction 
is removed, the child may still be unable to eff ect adequate ventilation. In this instance, or 
in the case of neuromuscular disease, the child requires either noninvasive positive pressure 
ventilation or intubation and mechanical ventilation.

Once ventilation is established, the cardiovascular system’s ability to deliver oxygen to 
the tissues must be appraised by evaluating the heart, peripheral circulation, intravascular 
volume status, and the blood’s oxygen-carrying capacity. Th erapy with vasopressors, fl uids, 
blood transfusions, or diuretics should be initiated when indicated. Although not all children 
who have dyspnea require supplemental oxygen, every child should have oxygen adminis-
tered until the cause of the dyspnea is known. Once the patient’s condition has stabilized, 
the search for the underlying cause of the dyspnea should progress urgently, but calmly. At 
this point, a detailed history can be elicited, a full physical examination performed, and a 
chest radiograph and appropriate blood tests obtained. When the diagnosis is made, specifi c 
therapy can be initiated.

When dyspnea is caused by a chronic illness, no satisfactory therapy may be available to 
treat the underlying disease. However, simply relieving the dyspnea can signifi cantly improve 
the child’s functional ability and quality of life. Several modalities can be used to treat the 
symptom of dyspnea in a chronically ill child.23 Sedatives and narcotics reduce &VE and 
thereby diminish the intensity of the breathless feeling.24,25 Th ese medications are usually 
administered orally or by injection. However, they also may be eff ective when delivered by 
nebulization.26 Beta-agonists may blunt the perception of dyspnea without aff ecting ventila-
tion.27 Th eophylline may improve diaphragmatic contractility. Continuous supplemental 
oxygen reduces ventilatory drive. Noninvasive positive pressure ventilation is useful in assist-
ing fatigued or dysfunctional respiratory muscles and in keeping small airways open. Children 
who have chronic obstructive pulmonary disease may be taught to breathe through pursed 
lips, reducing respiratory rate, increasing tidal volume, and diminishing the sensation of 
dyspnea. Hypnosis has proved useful in some patients, and others have reported a decrease 
in dyspnea when seated next to an open window or a blowing fan.28

Exercise and proper nutrition are helpful in maintaining or increasing inspiratory muscle 
mass and thereby reducing the perceived magnitude of dyspnea.29 Finally, because dyspnea 
is a subjective complaint, the psychological contribution to its perceived severity is signifi -
cant.23 Th e child’s emotional state, behavior, and personality must be monitored because 
psychosocial intervention may be indicated.

When to Refer

• Chronic pulmonary disease
• Congenital or acquired heart disease
• Metabolic disease
• Conditions requiring endoscopy or surgical procedures
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When to Admit

• Respiratory failure
• Impending respiratory failure
• Hypoxia while breathing room air
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Chapter 21

Dysuria
Beatrice Goilav, MD; Frederick J. Kaskel, MD, PhD

Dysuria is any discomfort with urination but particularly refers to pain or burning during 
urination. Generally stemming from irritation of the bladder or urethra, it is a commonly 
reported sensation that aff ects men, women, and children alike. Although dysuria can be 
caused by any condition associated with infl ammation, irritation, or obstruction of the 
urinary tract, in children and adolescents it most commonly accompanies urinary tract 
infections (UTIs), urethritis, and chemical or traumatic irritation. Identifying the underlying 
cause of dysuria requires a detailed history, a careful physical examination, and a focused 
laboratory evaluation as needed.1

 HISTORY
Th e younger the child, the less precise is the complaint of painful urination. Other symp-
toms, such as pruritus or pain in the genital or perineal area, may be more noticeable while 
the child is voiding and not distracted. Although dysuria may be the only complaint, it is 
more often accompanied by associated symptoms. Regardless of the child’s age, dividing 
the associated symptoms into either specifi c urinary symptoms or nonspecifi c symptoms 
is helpful. Symptoms specifi c to the urinary tract include hematuria, discharge, malodor-
ous urine, frequency, urgency, refusal to void, new-onset nocturnal enuresis, and daytime 
incontinence. Th e physician should inquire about exposure to detergents, perfumed soaps, 
bubble baths, or ointments and about the type of underwear fabric, any of which can irritate 
the mucosal lining of the urethra or bladder. A thorough history of the timing of toilet train-
ing, last occurrence of daytime accidents, nocturnal enuresis, withholding maneuvers, and 
constipation can help elucidate a diagnosis of dysfunctional elimination syndrome.2 Th e lack 
of a history of trauma may not be accurate because children often do not recall it or, in the 
case of masturbation or sexual abuse, may deliberately deny it. To judge the possibility of a 
sexually transmitted infection, adolescents should be asked about sexual activity and safety 
practices. A family history of nephrolithiasis should focus attention on hypercalciuria as a 
cause for dysuria, and a more detailed dietary history should be elicited, including intake of 
salt, dairy products, and vitamins.

Symptoms outside the urinary tract, such as conjunctival injection, oral and genital 
ulcers, arthralgia, or a generalized rash, could suggest a systemic infl ammatory condition, 
such as Stevens-Johnson syndrome, Reiter syndrome, or Behçet disease.1 A history of fever 
suggests an infectious condition such as pyelonephritis, appendicitis, or pelvic infl amma-
tory disease.



Signs and Symptoms in Pediatrics248

 PHYSICAL EXAMINATION
Th e presence of a fever (body temperature >101.3°F [38.5°C]) can indicate infl ammation 
or an upper UTI such as pyelonephritis; cystitis and urethritis of any cause do not usually 
produce signifi cant fever. Inspection of the skin may reveal vesicles with varicella or herpes 
simplex, or target lesions with Stevens-Johnson syndrome, which can be accompanied by 
conjunctival infl ammation and oral lesions. Arthritis, particularly of the knee joint, in an 
adolescent should raise suspicion of Reiter syndrome.

In children of any age presenting with dysuria and a history of voiding dysfunction, 
particularly when  accompanied by a history of chronic constipation, an occult spina bifi da 
should be excluded by careful  examination of the lower back looking for midline defects, 
such as a sacral cyst, a fi stula, or a tuft of hair. Th e neurologic examination should include 
careful evaluation of the lower extremities for strength and refl exes, and, when suspicion is 
raised, the bulbocavernosal refl ex should be evaluated as well.

Special attention should also be paid to the abdominal examination, which may reveal 
a fl ank or suprapubic mass, suggestive of urethral obstruction. Costovertebral tenderness 
suggests pyelonephritis, and suprapubic tenderness often accompanies cystitis.

On inspection of the genital area, the examiner should evaluate for discharge; if present, 
its character should be noted. In female patients, clear discharge may be a normal fi nding, 
whereas an odorless, cottage cheese–like appearance suggests an infection with Candida 
spp. A greenish discharge, suggestive of gonorrhea, should raise the possibility of pelvic 
infl ammatory disease if  accompanied by lower abdominal tenderness. Any discharge in 
male patients should be considered abnormal. Scratch marks around the mucosal area in 
females may suggest contact dermatitis or chemical irritation. Examination should include 
looking for labial adhesions and a urethral prolapse, which appears as a red circumferential 
protrusion of the mucosa from the urethral orifi ce. Attention should be paid to whether or 
not the male patient is circumcised; if not, note whether the foreskin is age-appropriately 
retractable. Th e location and the size of the meatus should be examined for  hypospadias 
or stenosis.

 DIFFERENTIAL DIAGNOSIS
Dysuria can be caused by any infl ammation, irritation, or obstruction of the bladder or urethra, 
but most often it is a symptom of a common disorder of childhood and adolescence, such as a 
UTI, urethritis, or a chemical or traumatic injury. Table 21-1 lists infectious  and noninfectious 
causes of dysuria. Figures 21-1 and 21-2 depict a simplifi ed algorithm allowing the physician 
to establish quickly whether the cause of dysuria is infectious/infl ammatory or rather chemical/
mechanical in male and female patients.

Common Conditions

Urinary Tract Infection
UTIs are the most common cause of dysuria in children. Th e localization of the infec-
tion within the urinary tract may be challenging in young children because they tend 
to develop systemic symptoms such as fever, vomiting, and diarrhea even in the absence 
of pyelonephritis. Older children, who are likely to mount a fever with pyelonephritis 
rather than cystitis, can report suprapubic pain with cystitis or fl ank and costovertebral 
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Table 21-1 
 Infectious and Noninfectious Causes of Dysuria 

  INFECTIOUS   NONINFECTIOUS 

     Pyelonephritis  Dysfunctional voiding

     Cystitis  Chemical irritants

     Urethritis  Trauma

     Vulvovaginitis  Meatal stenosis

     Balanitis and balanoposthitis  Labial adhesions

     Pelvic infl ammatory disease  Urethral strictures

 Urethral prolapse

 Hypercalciuria      

Are signs of systemic
disease present?

Postpubertal
Children

• Stevens-Johnson syndrome
• Reiter syndrome
• Behçet syndrome

Are genital lesions present?

Herpes simplexDischarge
and/or abdominal

pain (if female)

• Pelvic inflammatory
 disease
• Urethritis
• Cervicitis
• Vaginitis

• Viral cystitis
• Urethritis and/or chlamydia
• Chemical irritation
• Local trauma
• Hypercalciuria
• Urethral strictures

Fever?

Fever �38ºC
or flank pain?

Pyuria?

PyelonephritisCystitis

Positive urine culture?

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

  Figure 21-1
Algorithmic approach to dysuria in postpubertal males and females.  (Adapted with permission from Fleisher 
GR. Evaluation of dysuria in children. In: Bassow DS (ed);  UpToDate,  Waltham MA. Copyright © 2013 
UpToDate, Inc. Available at:  www.uptodate.com .)          

http://www.uptodate.com
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tenderness with pyelonephritis. All children younger than 2 years and boys of all ages 
should be evaluated for congenital anatomic abnormalities, such as vesicoureteral refl ux, 
after the fi rst UTI.3

Urethritis
Urethritis can present with dysuria accompanied by discharge or blood spotting on the child’s 
underwear. Causes of urethritis include infection, trauma, chemical irritation, and foreign 
body. Infectious causes in children are uncommon. Patients suspected of having infectious 
urethritis should have a urethral smear and urine culture included as part of their laboratory 
evaluation. Sexually transmitted infections are the major cause of urethritis in adults and 

Are signs of systemic
disease present?

• Stevens-Johnson syndrome
• Reiter syndrome
• Behçet syndrome

Are genital lesions present?

Vesicles or ulcers?Discharge?

• Vaginitis
• Gonorrhea

• Viral cystitis
• Urethritis and/or chlamydia
• Chemical irritation
• Labial adhesion
• Local trauma
• Hypercalciuria
• Dysfunctional voiding
• Urethral strictures

Fever? Culture or
positive direct

fluorescent
antibody test

• Balanitis
• Balnophthitis
• Labial adhesions

Herpes
simplex

Possible early
manifestation

systemic
disease

Fever �38ºC
or flank pain?

Pyuria?

PyelonephritisCystitis

Positive urine
culture?

No Yes

No Yes

No Yes

No Yes No Yes

No Yes

No Yes

No Yes

Prepubertal
Children

  Figure 21-2
 Algorithmic approach to dysuria in prepubertal males and females.  (Adapted with permission from Fleisher 
GR. Evaluation of dysuria in children. In: Bassow DS (ed);  UpToDate,  Waltham MA. Copyright © 2013 
UpToDate, Inc. Available at:  www.uptodate.com .)

http://www.uptodate.com
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adolescents. Th e fi nding of Neisseria gonorrhea or Chlamydia trachomatis in a child should 
prompt immediate investigation to rule out sexual abuse.4

Irritants/Trauma
Irritants such as soap, bubble baths, and laundry detergents cause mild erythema at most. 
Localized trauma can result from foreign bodies, masturbation, voluntary sexual activity, or 
sexual abuse. Bicycle accidents and other traumas usually generate more extensive injuries 
than isolated genitourinary lesions.

Meatal Stenosis
Meatal stenosis occurs relatively commonly in boys after circumcision. Typically, the urinary 
stream is defl ected upward, and the boy has diffi  culty aiming. It may be accompanied by 
dysuria, increased frequency, and delayed bladder emptying. Consultation with a pediatric 
urologist is warranted.5

Dysfunctional Voiding
Dysfunctional voiding can result from neuropathic or non-neuropathic voiding disorders. 
Neuropathic voiding is associated with conditions aff ecting the innervation of the muscles 
involved in coordinated micturition. Non-neuropathic voiding dysfunction encompasses 
all other causes of lack of coordination between the bladder, the bladder outlet, and the 
pelvic fl oor muscles.  If the patient is also constipated, then the condition  is referred to as 
dysfunctional elimination syndrome, which is an important cause of idiopathic urethritis in 
childhood; the history should focus on timing of completion of toilet training, episodes of 
bed wetting, and daytime incontinence.1

Uncommon Conditions

Labial Adhesions
Labial adhesions occur in prepubertal girls and are generally asymptomatic unless they cause 
secondary infections. Th e treatment is separation of the adhesion and topical estrogens to 
prevent readhesion.6

Urethral Strictures
Urethral strictures in children can be congenital or acquired. Congenital strictures are rare. 
Acquired strictures occur after instrumentation, trauma, or processes accompanied by infl ammation 
with production of an exudate and secondary sclerosis. Th e child pre sents with dysuria, infection, 
or a weak urinary stream. Th e diagnosis is made by voiding cystourethrogram or cystoscopy.5

Urethral Prolapse
Urethral prolapse is the complete protrusion of the urethral mucosa beyond the meatus in 
girls. Although it is rare in the general population, there is an association with young age, 
black race or Hispanic ethnicity, and low socioeconomic status. Th e cause is unclear. Patients 
present with dysuria, gross hematuria, or blood spotting on the underwear. Treatment 
includes sitz baths, antibiotics, topical estrogens, or surgical repair. Left untreated, the pro-
lapsed mucosa can become necrotic.7
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Pelvic Infl ammatory Disease
Pelvic infl ammatory disease primarily aff ects sexually active adolescent females, but 
should raise suspicion of sexual abuse in prepubertal girls. It presents with abdominal 
pain.8

Vulvovaginitis
Vulvovaginitis, a rare cause of dysuria, more commonly presents with erythema of the vaginal 
mucosa and may be associated with discharge, which varies from clear to white to green, 
and may be odorless or foul smelling.

It occurs most often in sexually active adolescents, and sexually transmitted pathogens 
are the main cause. In prepubertal girls, the cause is often not apparent, but poor hygiene or 
allergies may play a role. Pathogens include local fl ora, such as group A streptococcus, 
or anaerobic bacteria, with concomitant decrease in the concentration of Lactobacillus spp. 
Candida spp. are commonly encountered in the setting of recent antibiotic treatment or 
diabetes mellitus. Herpes simplex infection can present with erythema alone; the absence 
of vesicles or ulcerative lesions does not rule it out. When erythema of the vaginal mucosa 
is observed, a Gram stain and culture, KOH, and a wet prep should be sent. Any vaginal 
discharge should be sent for pH testing. Screening for herpes simplex should be considered.9

Balanitis and Balanoposthitis
Infl ammation of the glans penis (balanitis) or both the glans and prepuce (balanoposthitis) 
occurs almost exclusively in young, uncircumcised boys with phimosis. Infection from entrapped 
smegma under the foreskin may result from trauma, allergies, or poor hygiene. Treatment consists 
of warm soaks as well as oral or local antibiotics. Topical steroids may  alleviate the infl ammation 
associated with balanitis from contact dermatitis.10

Hypercalciuria and Urolithiasis
Urolithiasis rarely presents with dysuria, but rather is seen with fl ank pain and often with gross 
hematuria. Hypercalciuria, however, commonly manifests as dysuria caused by irritation of the 
uroepithelium by calcium-oxalate crystals. Patients typically have frequency, urgency, gross or 
microscopic hematuria, and dysuria. Examination of the urinary sediment may reveal crystals 
along with eumorphic red blood cells. Th e family history may be positive for urolithiasis.11 

When to Refer

• Voiding dysfunction
• Nephrolithiasis
• Girl younger than 2 years with a UTI for the fi rst time
• Boy of any age with a UTI or meatal stenosis
• Genitourinary tract anomalies

When to Admit

• Systemic infl ammatory or infectious cause of dysuria
• Suspicion of sexual abuse
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TOOLS FOR PRACTICE

Engaging Patient and Family
• What Is a Pediatric Urologist? (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/health-management/pediatric-specialists/Pages/
What-is-a-Pediatric-Urologist.aspx)

AAP POLICY STATEMENTS

American Academy of Pediatrics Subcommittee on Urinary Tract Infection, Steering Committee on Quality 
Improvement and Management. Urinary tract infection: clinical practice guideline for the diagnosis and man-
agement of the initial UTI in febrile infants and children 2 to 24 months. Pediatrics. 2011;128(3):595–610 
(pediatrics.aappublications.org/content/128/3/595.full)

Finnell SME, Carroll AE, Downs SM; American Academy of Pediatrics Subcommittee on Urinary Tract 
Infection. Technical report: diagnosis and management of an initial UTI in febrile infants and young 
children. Pediatrics. 2011;128(3):e749–e770 (pediatrics.aappublications.org/content/128/3/e749.full)
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Chapter 22

Edema
Paul A. Levy, MD

At birth, as much as 70% of the newborn’s body weight is water. Th is decreases to approxi-
mately 60% of total body weight in older children. For adolescent and adult males, total 
body water is even lower, with only about 55% to 60% of their body weight being made up 
of water, and total body water is lowest in adolescent and adult females, who have only about 
50% of their body weight contributed by water.1 Th e body water is distributed into several 
compartments. Intracellular water represents two-thirds of the total volume. Th e remaining 
one-third is considered extracellular and is distributed between the vascular compartment 
(25%) and the interstitial spaces between the cells (75%). Th e distribution of water in these 
various body compartments is tightly controlled. Failure of this control can result in the 
accumulation of extra fl uid in the interstitium, which is edema.

 PATHOPHYSIOLOGIC FEATURES
Water movement across a semipermeable membrane (osmosis) is governed by the number 
of particles (osmolarity) on either side of the membrane. Water moves to establish equi-
librium between the 2 compartments. In blood vessels, such as capillaries, the osmolarity 
is generated, in part, by the electrolytes in plasma; however, because the concentrations of 
electrolytes in plasma and the interstitium are relatively equal, the osmotic force is largely 
determined by charged protein molecules, with albumin being the most predominant. Th e 
plasma proteins are referred to as colloids, and the osmotic force they generate is the colloid 
osmotic pressure, or oncotic pressure. Movement of fl uid across a capillary wall is controlled 
by a combination of oncotic pressure, hydrostatic pressure, and the permeability of the 
capillary wall. Th e capillary oncotic pressure draws fl uid into the capillary; the interstitial 
oncotic pressure draws capillary fl uid out. Th e capillary hydrostatic pressure, which is related 
to blood pressure, is highest at the arteriole end of the capillary and drops off  as blood 
moves toward the venule. Th e capillary hydrostatic force pushes fl uid into the interstitium. 
Interestingly, systemic (arterial) hypertension does not result in edema because arteriolar 
sphincters protect the capillary bed from increased blood pressure.2 Th e interstitial hydro-
static pressure is related to the pressure of the fl uid in the interstitium, which depends on 
the lymphatic drainage, the amount of fl uid present in the interstitium, and the compliance 
of the tissue. Th is force counteracts the capillary hydrostatic pressure and pushes fl uid back 
into the capillaries. Finally, the permeability of the capillary wall contributes to the leakage 
of fl uid into the interstitium.2,3

In normal circumstances, the interplay of these forces results in fl uid exiting the capillar-
ies at the arteriolar end and entering the capillaries at the venule end. Approximately 90% 
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of fl uid that leaves the capillaries is reabsorbed before reaching the venule. Th e lymphatic 
system returns the remaining 10%, along with its associated proteins, to the circulation.

 CAUSES OF EDEMA
Fluid distribution between the intravascular compartment and the interstitial compartment 
results from the interplay of oncotic pressure, hydrostatic pressure, and capillary membrane 
permeability. Disruption of these forces can result in edema, but sodium concentration is 
usually the ultimate controller of this fl uid movement2,4–6 (Box 22-1).

Change in Capillary Membrane Permeability
An increase in capillary membrane permeability is often the result of cytokines released from 
infl ammation. Infections and burns tend to cause localized edema. An allergic reaction may 
cause more generalized edema. Hereditary angioedema can cause localized edema of the 
gastrointestinal tract and larynx. Trauma causes local edema.

Decreased Capillary Oncotic Pressure
A decrease in the capillary oncotic pressure can be caused by decreased levels of protein, 
usually of albumin in the blood. Decreased synthesis of albumin occurs in cirrhosis or as a 
result of malnutrition or intestinal malabsorption. Protein loss by the kidneys in nephrotic 

Box 22-1

Causes of Edema (Systemic or Localized as Noted)
INCREASED CAPILLARY 
PERMEABILITY

• Infl ammation (localized or systemic edema)
• Burns (localized edema)
• Trauma (localized edema)
• Allergic reaction (localized or systemic 

edema)

DECREASED CAPILLARY ONCOTIC 
PRESSURE

• Protein loss (nephrotic syndrome, 
congenital lymphangectasia, infl ammatory 
bowel disease)

• Decreased synthesis (cirrhosis, malabsorp-
tion, malnutrition)

INCREASED CAPILLARY 
HYDROSTATIC PRESSURE

• Systemic venous hypertension
 Heart failure (myocarditis, cardiomyopa-
thy, ischemic heart disease)
 Constrictive pericarditis

 Note: right-sided failure results in 
peripheral edema, left-sided failure 
results in pulmonary edema.
 Cirrhosis/liver failure
 High output failure [anemia (ABO 
and Rh incompatibility), arteriovenous 
fi stulas, hyperthyroidism]

• Localized venous hypertension (localized 
edema)
 Deep vein thrombosis, compression of 
venous return (localized edema)

INCREASED PLASMA VOLUME

• Heart failure
• Renal failure

LYMPHATIC OBSTRUCTION 
AND INCREASED INTERSTITIAL 
ONCOTIC PRESSURE

• Lymphedema, leakage of protein into the 
interstitium. 
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syndrome may also contribute to edema. Albumin levels below 2 mg/dL are usually associ-
ated with generalized edema.2 Th e mechanism of edema formation with decreased oncotic 
pressure results in extravasation of fl uid into the interstitium, but it also results in poor 
kidney perfusion, which activates renin-aldosterone secretion and results in increased sodium 
reabsorption and fl uid retention. Th is fl uid may then leak into the interstium because of the 
decreased oncotic pressure, compounding the edema.

Increased Capillary Hydrostatic Pressure

Systemic Venous Hypertension
Systemic venous hypertension can be the result of heart failure (from cardiomyopathy, 
tricuspid valvular disease, or ischemic heart disease), constrictive pericarditis, or cirrhosis. 
In addition, high output failure (from anemia, hyperthyroidism, or arteriovenous fi stulas) 
also leads to systemic venous hypertension. All of these conditions lead to increased capil-
lary hydrostatic pressure and result in edema from increased extravasation of fl uid into the 
interstitium. Left-ventricular heart failure results in pulmonary edema; right-ventricular heart 
failure results in venous congestion, hepatomegaly, and peripheral edema.

Localized Venous Hypertension
Localized edema may result from increased venous pressure with deep vein thrombosis or 
from compression of the inferior vena cava or iliac vein by a tumor. Th e increased venous 
pressure raises the capillary hydrostatic pressure.

Increased Plasma Volume
Glomerular nephritis increases plasma volume resulting from sodium retention. Renal failure 
can increase plasma volume from an inability to secrete sodium and water. Heart failure and 
liver disease (cirrhosis) result in decreased eff ective volume, which increases sodium reabsorp-
tion in the kidney by activation of the renin-angiotensin-aldosterone system. Sympathetic 
nervous stimulation can also result in increased sodium reabsorption in the kidney.

Increased Interstitial Hydrostatic Pressure
Increased interstitial hydrostatic pressure, although rare, may result from lymphatic obstruc-
tion by a tumor or large lymph nodes, from damage to the lymphatic system by radiation 
or surgery, or from parasitic infections such as fi lariasis.

 EVALUATION
History
A detailed history must be obtained to discover the cause of the edema. Th e time course of 
the edema—whether its onset is recent or chronic—is particularly important. If chronic, 
then the parents and child may report weight gain, tight clothing, or snug-fi tting shoes, 
fi ndings they may have attributed to the growth of the child. Th e history of a recent illness, 
such as pharyngitis, is important for the diagnosis of glomerulonephritis. In addition to the 
edema, other systemic complaints may be present, including shortness of breath, tachypnea, 
or cough, which may indicate the presence of heart failure and pulmonary edema. Ascites, 
a form of localized edema, is seen with liver failure or cirrhosis and with some congenital 
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liver malformations. Th e child’s nutritional status should be assessed, because malnutrition 
may result in hypoalbuminemia, which can, in turn, result in edema.

Physical Examination
Edema may be generalized or localized. If localized, then it may be easily apparent when it 
aff ects an extremity (deep vein thrombosis, cellulitis, burn). If generalized, it may be more 
occult (pulmonary edema from left-ventricular heart failure, ascites from liver disease). 
Physical examination should begin with close observation of the vital signs. Tachypnea may 
indicate pulmonary edema. Increased blood pressure may be present in glomerulonephritis 
and renal failure. Fever and localized edema may be present with cellulitis.

Periorbital edema is generally found with nephrotic syndrome and glomerulonephritis. 
Crackles or rales may indicate the presence of pulmonary edema. A gallop may indicate heart 
failure. Abdominal distention, shifting dullness, or a fl uid wave may be present with ascites. 
Generalized edema may include scrotal or labial edema. Findings related to generalized edema 
may depend on whether the patient has been lying down (sacral edema) or standing (feet 
and lower legs). Chronic edema may result in bedsores. A distinction may be made between 
pitting and nonpitting edema. Nonpitting edema is often the result of lymphedema, whereas 
pitting edema is the result of increased membrane permeability, increased hydrostatic pres-
sure, or decreased oncotic pressure.7

Laboratory Evaluation
Initial testing may include a urinalysis, complete blood count, electrolytes with blood urea nitro-
gen and creatinine, liver function tests with albumin, lipid studies and cholesterol, and thyroid 
function tests. Th e results of this initial evaluation may suggest further testing. Elevated blood 
urea nitrogen may suggest chronic renal injury. A renal ultrasound may be warranted to look 
for hydronephrosis because of congenital anomalies. With proteinuria, C3, C4 and antinu-
clear antibody (ANA) may be indicated. If heart failure is suspected, an electrocardiogram and 
chest radiograph can be obtained. Testing for fecal fat is appropriate if intestinal malabsorp-
tion is suspected, and �1-antitrypsin may be helpful for diagnosing protein-losing enteropa-
thy. With angioedema, whether hereditary or acquired, levels of C1 esterase inhibitor are low.

 INTERPRETATION OF TESTS
Hematologic Abnormalities
Severe anemia can result in edema, especially in a newborn. Th e anemia can be the result 
of hemolysis from ABO blood type or Rh incompatibility or from glucose-6-phosphate 
dehydrogenase defi ciency. High-output cardiac failure leads to increased capillary hydrostatic 
pressure, resulting in edema.

Renal Disease
Th e presence of proteinuria with low serum albumin is highly suggestive of nephrotic syn-
drome. If red cell casts and hematuria (especially cola-colored urine) are present, then glo-
merulonephritis may be the cause of the edema. C3 levels may be needed to help distinguish 
between the types of glomerulonephritis. Low C3 suggests poststreptococcal glomerular 
nephritis (PSGN) or membranoproliferative glomerular nephritis (MPGN). PSGN usually 
has improving C3 levels after several weeks. For nephrotic syndrome, low C3 with low C4 
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and a positive ANA suggest lupus nephritis. If uremia is present, a renal ultrasound may be 
indicated to look for dysplastic kidneys or hydronephrosis resulting from posterior urethral 
valves or other anatomic abnormalities. Children with undiagnosed refl ux nephropathy may 
have severe hydronephrosis and renal failure.

Liver Disease
Hypoalbuminemia without proteinuria suggests either a synthesis defect found with chronic 
liver disease or a protein-losing enteropathy. Prothrombin time, which is a good marker of 
the liver’s ability to synthesize protein, should be assessed when hypoalbuminemia is present 
without proteinuria. Liver function tests may also provide helpful information. Analysis of 
stool �1-antitrypsin will help diagnose protein-losing enteropathy.

Venous Thrombosis
If venous thrombosis is suspected, a Doppler ultrasound examination should be performed 
to assess the blood fl ow in the area that may be aff ected by the thrombosis. Clotting stud-
ies should then be conducted, especially if no predisposing factor, such as an indwelling 
catheter, is present.

Enteropathy
Th e presence of increased fat in fecal matter strongly suggests intestinal malabsorption. 
Determining which intestinal disorder (cystic fi brosis, infl ammatory bowel disease, milk 
protein allergy, enterokinase defi ciency, celiac disease, or intestinal lymphangiectasia) may 
be the cause of the hypoalbuminemia requires further testing and consultation with a 
gastroenterologist.

 MANAGEMENT
Initial management involves determining whether the patient should be admitted to 
the hospital. Many causes of edema require admission. Patients with signs of respira-
tory distress that result from edema of the airway, heart failure with pulmonary edema, 
and tachypnea should be admitted. Renal causes, such as previously undiagnosed renal 
failure, acute glomerulonephritis, or nephrotic syndrome, may also require admission. 
Oliguria from renal failure or poor renal perfusion should result in emergent admission. 
Edema that results from cirrhosis may require admission if the cirrhosis had been unrec-
ognized or if respiratory distress resulting from the ascites is present. Localized edema 
that results from venous thrombosis or lymphatic obstruction requires admission to 
assess and treat the underlying cause. Further management depends on the underlying 
cause of the edema.2,7,8

Anemia
Severe anemia may need to be treated with transfusion. A hematologist should be consulted 
if the cause of the anemia is not readily apparent.

Renal Disease
Most patients with renal disease benefi t from a low-sodium diet. Fluid restriction may 
help, but it should be used cautiously on an individual-patient basis in consultation with a 
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nephrologist. Diuretics may also be needed but should be used cautiously. If plasma volume 
is decreased, then fl uid expansion with colloid followed by diuretics may be necessary.

Liver Disease
A low-sodium diet is generally helpful if ascites is present. Diuretics, especially spironolac-
tone, may also be benefi cial. When possible, treating the underlying cause of the ascites is 
critical.

Heart Disease
Treating heart failure may require inotropic medications such as digoxin or dobutamine. An 
angiotensin-converting enzyme inhibitor may help with afterload reduction. If congenital 
heart disease is causing the heart failure, then surgical repair of the underlying structural 
lesion is the ultimate treatment.

Venous Thrombosis
When a venous thrombosis is present, anticoagulation therapy may be indicated. 
Consultation with a hematologist and possibly a vascular surgeon may be necessary. In 
the absence of an obvious predisposing factor, investigation for an underlying coagulopa-
thy is appropriate.

Enteropathy
Treatment depends on the cause of the enteropathy. A gastroenterologist should be 
consulted.

Myxedema
Generally, myxedema is found with hypothyroidism and responds to treatment with thyroid 
hormone replacement.

 SUMMARY
Edema is the accumulation of fl uid in the interstitial tissues resulting from disruption of 
the forces that control normal fl uid movement out of and into capillaries and may be the 
result of many diff erent disease states. Th e underlying cause is generally apparent, although 
sometimes subtle. Intervention may initially need to be supportive, but once a patient is 
stable, eff orts to treat the underlying cause of the edema should be pursued, often with the 
help of a specialist.

When to Refer

Many disorders that cause edema may require the assistance of a specialist. A referral to a 
specialist should be considered if evidence exists of
• Liver disease (ie, ascites)
• Renal disease (glomerulonephritis, nephrotic syndrome)
• Anemia
• Protein-losing enteropathy or increased fecal fat with malabsorption and secondary 

hypoalbuminemia
• Heart failure
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When to Admit

Many of the causes of edema are serious medical problems that often require admission. 
Th is approach may initially be for support. Once a diagnosis is established and the patient 
is stable, further treatment usually continues on an outpatient basis with the assistance of a 
specialist. Signs of any of the following may require admission:
• Respiratory distress
• Heart failure
• Tachypnea
• Renal failure
• Acute glomerulonephritis or nephrotic syndrome
• Oliguria from renal failure
• Edema caused by previously unrecognized cirrhosis
• Localized edema that results from venous thrombosis or lymphatic obstruction
• Anemia severe enough to require a transfusion

REFERENCES
1. Ruth JL, Wassner SJ. Body composition: salt and water. Pediatr Rev. 2006;27:181–187; quiz 188 
2. Cho S, Atwood JE. Peripheral edema. Am J Med. 2002;113:580–586 
3. Starling EH. On the absorption of fl uids from the connective tissue spaces. J Physiol. 1896;19:312–326 
4. Cárdenas A, Arroyo V. Mechanisms of water and sodium retention in cirrhosis and the pathogenesis of 

ascites. Best Prac Res Clin Endocrinol Metab. 2003;17:607–622
5. Koomans HA. Pathophysiology of oedema in idiopathic nephrotic syndrome. Nephrol Dial Transplant. 

2003;18(Suppl 6):vi30–vi32 
6. Schrier RW. Water and sodium retention in edematous disorders: role of vasopressin and aldosterone. 

Am J Med. 2006;119:S47–S53 
7. O’Brien JG, Chennubhotla SA, Chennubhotla RV. Treatment of edema. Am Fam Physician. 

2005;71:2111–2117
8. Diskin CJ, Stokes TJ, Dansby LM, et al. Towards an understanding of oedema. BMJ. 1999;318:

1610–1613





263

 Chapter 23

Epistaxis
Miriam Schechter, MD; David M. Stevens, MD

Epistaxis, from the Greek epistazō, to bleed at the nose (from epi, on, � stazō, to fall in 
drops) is defi ned as acute bleeding from the nostril, nasal cavity, or nasopharynx. A nosebleed 
is a relatively common and usually self-limited occurrence in childhood; however, when 
profuse or recurrent, it can be extremely distressing to children and parents and can at 
times be a sign of a more serious condition.

 EPIDEMIOLOGIC FACTORS
Th e incidence of epistaxis has a bimodal distribution with peaks in children younger than 
10 years and in adults older than 50 years. It is more common in boys and men than it is 
in girls and women.1 From 5% to 14% of Americans have a nosebleed each year, and 
approximately 10% of them seek care from a physician.2 Although common in children, 
epistaxis is rare before the age of 2 years, peaks between the ages of 3 and 8 years, and is 
uncommon after puberty.3,4 Nosebleeds also are more common in children living in dry 
climates and occur more often in winter months.5 Approximately 30% of children from 
birth to age 5, 56% of children aged 6 to 10, and 64% of children aged 11 to 15 have 
had at least 1 nosebleed in their lifetime.6 In a study of the epidemiology of epistaxis in 
US emergency departments from 1992 to 2001, approximately 1 in 200 emergency 
department visits were for epistaxis. Peaks were found in children younger than 10 years 
and in older adults between the ages of 70 and 79. A higher proportion of emergency 
department visits occurred during the winter months, and 83% of cases were from atrau-
matic causes.7

 DEFINITIONS AND ANATOMIC FEATURES
Nosebleeds are usually classifi ed as anterior or posterior based on the location of the vessels 
that are the source of the bleed. Th e blood supply to the nose originates in both the internal 
and the external carotid arteries (Figure 23-1). Th e ophthalmic branch of the internal carotid 
gives off  the anterior and posterior ethmoid arteries, which supply the superior nasal septum 
and the lateral nasal wall. Th e internal maxillary and facial arteries, which are branches 
of the external carotid, further divide to supply the nose. Th e internal maxillary artery splits 
into the sphenopalatine artery, the posterior nasal artery, and the greater palatine artery, 
and the facial artery gives off  the superior labial artery. Th e branches of the sphenopalatine 
provide blood fl ow to the turbinates laterally and the anterior and posterior septum, 
the greater palatine supplies the anterior septum, and the superior labial artery supplies the 
anterior nose and anterior nasal septum.
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Th e anastomoses of vessels in the anterior 2 to 3 cm of the nasal septum, just 0.5 cm 
from the tip of the nose, also known as Little area, make up Kiesselbach plexus, the primary 
source of anterior nosebleeds. Th e delicate vessels that comprise Kiesselbach plexus include 
the septal branches of the anterior ethmoid, sphenopalatine, greater palatine, and superior 
labial arteries. Th ese vessels are superfi cial because the nasal mucosa is closely adherent to 
the perichondrium and periosteum. Posterior bleeds usually originate in Woodruff  plexus, 
a convergence of the sphenopalatine, posterior nasal, and ascending pharyngeal arteries, 
located over the posterior middle turbinate. Specifi cally, the sphenopalatine is the most 
frequent source of posterior epistaxis.

Anterior bleeds are by far the most common type, accounting for greater than 90% of 
epistaxis in children.8 Th e rich vasculature under the thin mucosa in the area most exposed 
to trauma and dry air makes Kiesselbach plexus the most vulnerable to bleeding. During 
anterior epistaxis, almost all the blood exits anteriorly through the nares. However, with 
posterior epistaxis, most of the blood fl ows into the nasopharynx and mouth, making the 
degree of bleeding diffi  cult to assess. Anterior bleeds are therefore much easier to visualize 
and easier to control than posterior bleeds, which are generally much more profuse and are 
more likely to lead to hemodynamic instability.

 DIFFERENTIAL DIAGNOSIS
Th e causes of epistaxis can be categorized into local and systemic causes (Box 23-1). 
More than 1 factor often plays a role in the bleeding.

Trauma from nose picking or nose rubbing accounts for most cases in children, particu-
larly in association with infl ammation from infection or allergy. Epistaxis from blunt external 
trauma is generally acute and self-limiting, but could result from child abuse in very young 
children.3,9 Trauma from a foreign body is an occasional cause in toddlers, often resulting 
in unilateral bleeding accompanied by foul-smelling or bloody discharge.

Upper respiratory infection and allergic rhinitis are commonly associated with childhood 
epistaxis. Th e resultant rhinorrhea leads to digital manipulation or forceful sneezing and 
nose blowing, and the vascular congestion and mucosal irritation promote easy injury to 

Figure 23-1
Blood supply to the nose (septum and lateral wall).
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the blood vessels of the anterior septum. Positive allergy skin tests and recurrent epistaxis 
are associated in children.10

Exposure to low environmental humidity, especially in winter months, has clearly been 
associated with an increased frequency of nosebleeds.5,7 A deviated nasal septum can con-
tribute to recurrent epistaxis by causing a change in normal airfl ow, leading to mucosal 
drying and irritation.11 Colonization with Staphylococcus aureus leading to chronic infl am-
mation and neovascularization may contribute to recurrent episodes.12

Neoplasms (benign or malignant) are uncommon causes of epistaxis in children but 
should be considered in certain circumstances. Polyps in children are usually associated 
with cystic fi brosis. Juvenile nasopharyngeal angiofi broma is a benign vascular tumor origi-
nating in the lateral nasopharynx that occurs only in male adolescents because of its hor-
monal sensitivity. Although unilateral progressive obstruction or discharge are clues to this 
diagnosis, recurrent epistaxis is the most frequent presenting complaint in these patients.13 
Rhabdomyosarcoma of the nasal cavity or nasopharynx is a rare malignant cause of severe 
episodic epistaxis and may be associated with signs of eustachian tube dysfunction such as 
unilateral middle ear eff usion. Nasal hemangioma is also a rare cause of epistaxis but should 
be considered in infants. Nasopharyngeal carcinoma is an extremely uncommon but serious 
disease in children14; epistaxis is the presenting complaint in approximately 50% of cases,15 
although it is nearly always accompanied by a neck mass or neck pain.16

Systemic causes of epistaxis should be considered whenever nosebleeds are recurrent 
or persistent in the absence of any obvious local cause. Hematologic disorders include 
platelet disorders and coagulation defects and may be either congenital or acquired. 

BOX 23-1

Causes of Epistaxis in Children
LOCAL

• Trauma
• Nose picking or rubbing
• Blunt trauma or facial fractures
• Foreign body

• Infl ammation
• Upper respiratory infection
• Allergic rhinitis

• Dry air
• Neoplasms

• Benign
• Polyps
• Hemangiomas
• Juvenile nasopharyngeal 

angiofi broma
• Malignant

• Nasopharyngeal carcinoma
• Rhabdomyosarcoma

• Nasal septal deviation

• Intranasal drugs
• Steroids
• Cocaine

SYSTEMIC

• Bleeding disorders
• Th rombocytopenia

• Immune thrombocytopenic purpura
• Leukemia

• Platelet dysfunction
• Bernard-Soulier syndrome
• Aspirin; nonsteroidal anti-infl ammatory 

drugs
• Coagulopathies

• von Willebrand disease
• Hemophilias
• Liver disease

• Vascular abnormalities
• Hereditary hemorrhagic telangiectasia 

(Rendu-Osler-Weber syndrome)
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Th rombocytopenia as a cause of epistaxis is almost always accompanied by petechiae or 
ecchymoses. Th e most common cause of isolated thrombocytopenia in otherwise healthy 
children is immune thrombocytopenic purpura, which presents as acute mucosal hemor-
rhage, often epistaxis, in approximately 30% of patients, although the bleeding is rarely 
severe.17,18 By contrast, epistaxis rarely is the fi rst symptom of leukemia, but this diagnosis 
should be considered in an ill-appearing child with epistaxis, especially with fever, pal-
lor, lymphadenopathy, or hepatosplenomegaly. Th rombocytopenia can also be an adverse 
reaction to a variety of medications, including anticonvulsants such as carbamazepine and 
chemotherapeutic agents.

Platelet dysfunction from aspirin or nonsteroidal anti-infl ammatory drugs can also 
predispose the individual to epistaxis. Bernard-Soulier syndrome, a disorder of platelet 
adhesion, is an occasional diagnosis in children evaluated for isolated epistaxis.19,20 Primary 
coagulation defects may result in persistent and longstanding epistaxis; a positive family 
history is often present. Up to one-third of children with isolated recurrent epistaxis have 
a diagnosable coagulopathy.20,21 Von Willebrand disease (vWD) is the most commonly 
identifi ed inherited coagulopathy. In fact, 60% of patients with vWD suff er from recurrent 
epistaxis; other mucosal bleeding (eg, menorrhagia or postsurgical or postdental extrac-
tion) is also a common complaint in older children and adolescents. Much less common 
are the hemophilias, which in mild cases may cause isolated epistaxis (factors VII, VIII, 
IX or XI defi ciency).20

Acquired coagulopathies are a rare cause of epistaxis in children, unlike adults, but include 
various liver diseases (eg, chronic active hepatitis) with consequent depletion of clotting 
factors. In addition, an acquired form of vWD has been described in children receiving 
valproic acid.22

Hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber syndrome) is an autosomal-
dominant disorder of blood vessel walls characterized by the progressive development of 
cutaneous and mucosal telangiectasias. More than 90% of aff ected patients have recur-
rent and progressively worsening epistaxis, presenting at a mean age of 12 years, although 
gastrointestinal bleeding and pulmonary arteriovenous malformations also occasionally 
occur in childhood.23 Primary isolated hypertension has not been clearly associated with 
epistaxis in children, except in the context of renal failure. Finally, 1 recent study has shown 
a signifi cant association between migraine headaches and recurrent epistaxis, suggesting a 
common pathogenesis.24

 EVALUATION
Th e evaluation of children with epistaxis should begin with a careful history and physical 
examination. Th e season and associated environmental conditions should be noted. Th e 
degree of chronicity may suggest an inherited systemic cause. Unilaterality may suggest a 
local anatomic cause. A history of nose picking or blunt trauma should be sought. One-half 
of children treated in an emergency room for intranasal foreign body admitted placing the 
object in the nose; therefore young children should be questioned.25 A family history of 
bleeding symptoms or diagnosed disorder is useful in identifying children with a bleeding 
diathesis.20

Associated symptoms should be sought. Unilateral progressive obstruction suggests a 
mass. Th e presence and character of any associated rhinorrhea should be noted. Clear, watery 
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rhinorrhea with associated sneezing suggests allergic rhinitis, and mucoid discharge with 
cough suggests upper respiratory infection. Unilateral foul smelling discharge in a young 
child may indicate a retained foreign body. A history of petechiae or easy bruising or other 
mucosal bleeding (eg, menorrhagia, postsurgical) may point to a bleeding disorder. Associated 
fever or pallor may suggest leukemia. A history of medication use, particularly of aspirin or 
nonsteroidal anti-infl ammatory drugs, should be sought.

Th e physical examination should include a blood pressure and pulse if the history sug-
gests signifi cant acute or chronic blood loss. A careful examination of the nose should 
include an attempt to identify the source of any active bleeding (see Management later in 
this chapter) and to note any discharge, obstructing mass, or foreign body. Th e skin should 
be checked for petechiae or unusual location or number of ecchymoses. Th e neck should be 
examined for the presence of a mass. If the child is ill, a full examination, including a search 
for lymphadenopathy and hepatosplenomegaly, should be performed.

Th e need for and extent of laboratory testing should be guided by the history and physical 
examination. Frequent and prolonged episodes may warrant ruling out anemia caused by 
blood loss. Persistent or recurrent epistaxis in the absence of an obvious cause may warrant 
testing to search for an underlying pathologic condition. A complete blood cell count (CBC) 
is always indicated in the presence of petechiae or unusual ecchymoses to rule out throm-
bocytopenia. In an ill child with pallor, fever, lymphadenopathy, or hepatosplenomegaly, a 
CBC will help rule out leukemia.

Th e frequency, duration, amount, age at onset, and site of epistaxis have been used in 
an epistaxis scoring system (Table 23-1) to determine which patients should be evaluated 
for an underlying bleeding disorder.26,27 Use of another pediatric bleeding question-
naire revealed that epistaxis of long duration, lacking seasonal correlation, and requiring 
medical intervention to stop was signifi cantly associated with vWD. Th is is especially 
true if the child has bled excessively following circumcision, dental extraction, or with 
menses.28 Age younger than 1 year or the need for cauterization have been suggested as 
reasons to perform an evaluation. 9,29 Prothrombin time and partial thromboplastin time 
are useful as initial screening tests. However, given that these results may be within the 
normal range in some patients with vWD, further evaluation with von Willebrand factor 
studies may be necessary. If this relatively common coagulopathy is being considered or 
a platelet dysfunction disorder is suspected, then referring the patient to a hematologist 
may be prudent.

Rarely, imaging studies are indicated, but plain fi lms can rule out an associated frac-
ture of the facial bones in the setting of blunt trauma. In children younger than 2 years, 
a child abuse evaluation for infl icted trauma may be warranted.9 If a mass is thought 
to be present, then a computed tomography scan or referral to an otolaryngologist should 
be made.

 MANAGEMENT
Management of nosebleeds can be divided into 3 general phases. Th e initial fi rst aid measures 
that often are performed at home should also be the fi rst line of treatment on presentation 
to the physician. Next is the acute management of persistent bleeding, which may be initi-
ated by a pediatrician in an offi  ce or emergency department but may have to be continued 
by an otolaryngologist if initial measures are unsuccessful. Th is phase may involve medical 
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or surgical intervention, or both (Figure 23-2). Finally, long-term preventive treatment of 
recurrent epistaxis is necessary, including evaluation and treatment of underlying causes. 
Although most episodes of epistaxis in childhood are self-limited, they create parental concern 
and anxiety, and pediatricians must therefore be aware of the treatment options.

Many physicians and patients are unaware of the proper spot for applying direct pressure 
to the nose to stop a nosebleed.30,31 Given that most bleeds originate anteriorly, in Little’s area, 
the fi rst step is to apply pressure to the alar nasi using the fi rst and second fi ngers. Pressure 
should be held by pinching the nostrils without interruption for 5 to 10 minutes. Th e 
child should sit up with the head bent forward slightly, to minimize blood dripping poste-
riorly and being swallowed, which can cause nausea and hematemesis.32 Some physicians 
suggest placement of ice packs to the forehead, bridge of the nose, nape of the neck, or upper 
lip to promote vasoconstriction, although only theory supports this practice.33

Table 23-1
Epistaxis Scoring System

COMPONENT SCOREa

Frequency

5–15/yr 0

16–25/yr 1

�25/yr 2

Duration

�5 min 0

5–10 min 1

�10 min 2

Amountb

�15 mL 0

15–30 mL 1

�30 mL 2

Epistaxis history and agec

33% 0

33%–67% 1

�67% 2

Site

Unilateral 0

Bilateral 2

aMild, 0–6; severe, 7–10.
bEstimation of average blood loss per episode, based on 
fractions or multiples of teaspoons, tablespoons, or cups.
cProportion of the child’s life that nosebleeds had been 
recurrent (�5/yr).
From Katsanis E, Luke K, Hsu E, et al. Prevelance and signifi -
cance of mild bleeding disorders in children with recurrent 
epistaxis. J Pediatr. 1988;113:73–76. Copyright © 1988, 
Elsevier, with permission.
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In the health care setting, initial treatment measures should occur simultaneously with 
assessment and history taking. Basic equipment should be readied (Box 23-2). Most ante-
rior nosebleeds in children will stop after basic fi rst aid. However, if bleeding persists, then 
additional measures are available. As in any acute situation, an initial CAB (Circulation, 
Airway, Breathing) assessment should be made. Evaluation for major hemorrhage includes 
evaluating for tachycardia, hypotension, and orthostasis. Although uncommon in children, 
airway compromise or hemodynamic instability (or both) requires emergency management.

A history should quickly be obtained (see discussion under Evaluation earlier in this 
chapter) and an attempt made to locate the source of bleeding. Th e bleeding has often 
stopped by the time medical attention is sought. Th e child should be asked to blow out all 
clots. If this is not possible, then blood in the nose can be suctioned out. To try to visualize 
the source of bleeding, 1 of the following 3 tools could be used: a fl ashlight, while applying 

Figure 23-2
Treatment of epistaxis. (From Rudolph AM, Rudolph CD, Hostetter MK, et al, eds. Rudolph’s Pediatrics. 
21st ed. New York, NY: McGraw-Hill; 2003. Reprinted by permission of The McGraw-Hill Companies, Inc.)
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Cauterize with silver nitrate to stop bleeding

• Admit for observation
• Monitor oxygen saturation 
• Remove packs after 48 hours

• Perform angiography, embolization
• Perform arterial ligation

Perform examination
under anesthesia in the

operating room

Replace packsBleeding recurs

Bleeding stops

Source unidentified

Bleeding is controlled

Anterior source identified

Bleeding continues

Bleeding continues

Full exam including flexible 
scope of posterior nose
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gentle upward pressure to the nasal tip; an otoscope with speculum; or a headlight and nasal 
speculum. Because the anterior septum is the most common location of epistaxis in children, 
this area should be inspected fi rst. Anterior bleeds on the septum, or lateral wall, should 
be evident by active bleeding, clots, crusts, ulcerations, or prominent blood vessels.8 If an 
anterior source is not found and a posterior bleed is thought to exist, then an otolaryngologist 
should be consulted immediately because posterior bleeds are usually profuse and diffi  cult 
to stop. Luckily, posterior bleeds are rare in children. If an anterior bleed has not ceased 
with application of pressure alone, then topical vasoconstrictors (Box 23-2) can be applied with 
a cotton pledget to shrink the nasal mucosa to improve visualization and possibly to slow 
down or even stop the bleeding. Use of topical thrombin may also help promote hemostasis.32 
Pressure, again by pinching, should be applied for another 5 to 10 minutes.

Th e next step to attempt to stop persistent hemorrhage is chemical cauterization, with 
silver nitrate on applicator sticks. First, local anesthesia should be administered (Box 23-2) 
with a cotton pledget for 5 minutes to reduce the discomfort of cauterization. After insert-
ing and opening a nasal speculum, using adequate lighting, the silver nitrate is applied to 
the bleeding point and can be rolled over the site for 5 to 10 seconds. Th e procedure may 
have to be repeated 2 to 3 times to achieve hemostasis.32 Silver nitrate does not work well 
in pools of blood; therefore, suction may be necessary to keep the area dry. A gray eschar 
will form at the cautery site. Excess silver nitrate should be removed with cotton or gauze 
to minimize dispersion by nasal secretions and resulting injury to intact mucosa.34 Caution 
should be used to avoid cauterizing too large or too deep an area and to avoid cauterizing both 
sides of the septum because these measures can lead to septal perforation. After cauterization, 
the physician should prescribe antibiotic cream or ointment to apply to the area twice a day 

BOX 23-2

Equipment Used in the Initial Management 
of Anterior Epistaxis
EXAMINATION

• Flashlight or
• Otoscope with speculum or
• Headlight and nasal speculum
• Suction

TOPICAL VASOCONSTRICTION

• Oxymetazoline 0.05% (Afrin) or
• Phenylephrine 0.25%, 0.5% 

(Neo-Synephrine) or
• Epinephrine 1:1,000 or
• Cocaine solution 3%–5%

TOPICAL ANESTHESIA

• Lidocaine 4% or
• Cocaine solution 3%–5% or
• Ethyl chloride

HEMOSTASIS

• Silver nitrate sticks
• Vaseline strip gauze
• Oxycellulose sponges (Surgicel) or
• Gelatin sponges (Gelfoam) or
• Nasal tampons/expandable nasal pack 

(Merocel, RhinoRocket)

ADDITIONAL ITEMS

• Antibiotic ointment or cream (Naseptin; 
note: contains peanut oil)

• Cotton pledgets, gauze
• Gown, gloves, mask 
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for 5 days to prevent crusting and infection.11 Hydration with saline or ointment should 
continue until healing is complete, in approximately 1 to 3 weeks. Nasal trauma and forceful 
nose blowing should be avoided during this time. Otolaryngologists may use electrocautery 
as another hemostatic measure. Th is type of thermal cautery, however, cannot be performed 
with topical anesthesia alone.

If an anterior bleed persists despite direct pressure or nasal cautery, then anterior nasal packing 
may be required. Th is task can be accomplished with antibiotic impregnated petroleum jelly 
gauze, which is layered into the anterior nose and provides a tight pack. However, packing is 
uncomfortable and may require procedural sedation, requires subsequent removal (usually after 
2 to 3 days), and can cause additional mucosal injury. Oxycellulose or gelatin sponges are absorb-
able and do not require later extraction. Although they do not apply a great deal of pressure to the 
bleeding site, these types of packing are usually adequate for most nosebleeds.32 Commercially 
available nasal tampons made of a dehydrated polyvinyl polymer sponge can also be used. Th e 
tampons are inserted dry and then expand with blood or added saline partially to fi ll the nasal 
cavity. Th ese products come in many sizes and can be cut to fi t a child’s nasal cavity. Th ey must 
be removed, usually after 3 to 5 days, and have a tendency to adhere to the nasal lining.

All types of packing and sponges should be impregnated or coated with antibiotic oint-
ment to prevent toxic shock syndrome, which is a reported complication of anterior and 
posterior nasal packing.8,11 Although no clear evidence exists to prove that prophylactic 
antibiotics reduce the incidence of serious infection, studies have shown that they reduce 
gram-negative bacterial growth, and common practice is to prescribe them for any patient 
with nasal packing.8,35 Antibiotics, such as amoxicillin-clavulanate, may also help prevent 
sinusitis that can result from stasis of nasal secretions when packing is in place.32

Identifi cation of the source of a posterior bleed must be done by an otolaryngologist using 
a fl exible fi beroptic nasopharyngoscope; sedation may be required for younger patients. In 
addition to locating a superior or posterior bleeding site, endoscopic visualization may also 
reveal causes such as foreign bodies, tumors, or sinusitis. In older, more cooperative patients, 
a rigid endoscope may be used. Cauterization of a posterior bleeding site can be performed 
under general anesthesia. Posterior packing can be done with gauze or even urinary catheter 
balloons. Other types of packing include premade nasal tampons or balloons.8 All patients 
requiring posterior packing need sedation and must be admitted to the hospital and moni-
tored in an intensive care unit for airway obstruction and respiratory compromise.32 More 
invasive measures such as arterial embolization for refractory bleeds and arterial ligation for 
recurrent epistaxis are rarely indicated in children.8

Once the acute episode of epistaxis has resolved, attention can be focused on looking for 
predisposing factors or causes and respective preventive strategies or specifi c management. 
If a dry environment is present, then the use of normal saline nasal spray helps to humidify 
the nasal cavity. Th e spray should be used 4 to 5 times a day. A humidifi er in the home may 
also be useful.34 Th e increased moisture helps prevent the accumulation of crusts, which 
are often the impetus for nosepicking, and keeps scabs soft, allowing them to stay in place 
longer and thus promoting healing of underlying mucosal injury. Local trauma should be 
minimized by discouraging nosepicking, forceful rubbing, or blowing of the nose. Fingernails 
can be trimmed as well. Parents should be educated about the home management of an 
acute nosebleed; they should pinch the nasal tip for 5 to 10 minutes with the child sitting 
up, leaning slightly forward.36
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If allergic rhinitis is a factor in epistaxis, then appropriate testing and medical management 
is indicated, including treatment with oral antihistamines or inhaled topical nasal steroids. 
For sinusitis, oral antibiotics are prescribed. If a bleeding disorder is thought to exist, then 
laboratory workup (see discussion under Evaluation earlier in this chapter) or referral to a 
hematologist is warranted. Otolaryngologists treat other uncommon lesions and conditions. 
For example, they will cauterize granulomas, monitor hemangiomas, and excise juvenile 
nasopharyngeal angiofi bromas after hormonal therapy and embolization.37 Patients with 
hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber syndrome) are now treated with 
argon laser therapy along with septal dermoplasty.38

A common challenge for physicians is the management of recurrent nosebleeds. A recent 
Cochrane review of the literature on interventions for recurrent idiopathic epistaxis in 
children exposed the lack of evidence for current treatments of this problem.39 Th e con-
dition was defi ned as repeated nasal bleeding in patients younger than 16 years without 
identifi able cause. Consensus does not exist on the frequency or severity of the episodes 
of epistaxis that warrant medical intervention. However, common interventions for less 
severe cases include cautery with silver nitrate, application of antibiotic nasal creams, 
instillation of nasal saline spray, or coating the interior nose with ointments such as petro-
leum jelly. Less commonly advocated topical agents include oxymetazoline, desmopressin, 
antifi brinolytics, and, most recently, fi brin sealants. On review of the few studies that have 
been done, no single treatment (neomycin-chlorhexidine antiseptic cream, silver nitrate 
cautery, petroleum jelly) was found to be superior to another or to no treatment at all. 
No serious adverse eff ects were experienced, although silver nitrate cauterization caused 
pain in children despite topical anesthesia.40–42 One small study suggested that cautery 
combined with antibiotic cream is more eff ective than cream alone.43 Also, if cautery is 
used, 75% silver nitrate has been shown to be more eff ective in the short term (but not 
long term) and caused less pain for the children than 95%.44 High-quality studies, with 
longer follow-up, are needed to ascertain which, if any, of these remedies for recurrent 
epistaxis in children are most optimal.

Nosebleeds occur commonly in children. Although quite upsetting and worrisome to 
parents, most epistaxis in childhood is anterior, is controlled by simple fi rst aid measures, 
and results from benign causes. Epistaxis is therefore usually treated on an outpatient basis by 
general pediatricians. An understanding of all potential causes and acute and long-term man-
agement of nosebleeds will assist the pediatrician in appropriate treatment of this condition.

When to Refer

Ear, Nose, and Th roat
Urgent Referral
• Profuse, uncontrollable bleeding
• Inability to locate source of bleed
• Posterior bleeding
• Assistance with anterior packing
• Recurrence of bleed after initial emergency department measures
Nonurgent Referral
• Removal of anterior packing
• Recurrent epistaxis
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• Evaluation for structural lesions (ie, granulomas, tumors, polyps)
• Treatment of specifi c lesions
Hematology
• Abnormal CBC or coagulation laboratory profi le
• Severe, persistent, or recurrent bleeding
• Bleeding from more than 1 site, based on history or physical examination
• Bleeding that required blood transfusion or iron therapy
• Family history of coagulopathy

When to Admit

• Hemodynamic instability on presentation
• Posterior nasal packing in place

TOOLS FOR PRACTICE

Engaging Patient and Family
• Chronic Nosebleeds: What To Do (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/health-issues/conditions/ear-nose-throat/Pages/
Chronic-Nosebleeds-What-To-Do.aspx)
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 Chapter 24

Extremity Pain
Michael G. Burke, MD, MBA; David C. Hanson, MD

 DEFINITION OF TERMS
Extremity pain is a common complaint in primary care pediatric practice. Up to 16% of 
school-aged children report at least 1 episode of activity-limiting extremity pain annually.1 
Among surveyed 8- to 18-year-old Norwegian children, 38.9% of girls and 46.6% of boys 
reported lower extremity pain during the 3 months prior to survey, while 13.9% of girls 
and 18.4% of boys reported arm pain.2 In a 9-year, 6-point, longitudinal survey, British 
researchers found that 56.6% of caregivers of 5- to 13-year-olds reported that their child 
often experienced extremity pain at the time of at least 1 survey.3 Over the 9-year course 
of the study, caregivers reporting extremity pain in their child increased from 15.1% for 
5-year-olds to 32.5% for 13-year-olds.3 Th ere is some evidence that extremity pain is 
more common in obese children than in controls.4 Overall, approximately 6% of pedi-
atric offi  ce visits are related to extremity pain.5 Fortunately, most of these visits involve 
pain caused by minor trauma, overuse syndromes, and normal skeletal growth variants.5 
Occasionally, however, limb pain is the presenting complaint of a systemic illness, a neo-
plasm, an infectious process, a nutritional derangement, a specifi c orthopedic disorder, or 
a rheumatologic disease. Th e challenge for the physician is to determine when the pain is 
signifi cant without exposing the child to excessive diagnostic studies and without delaying 
treatment or referral. For the most part, this determination is based on the history and 
physical examination alone.

 EVALUATION
History
A thorough history from patients and parents often reveals the cause of extremity 
pain in children. Pain described as aching or cramping is likely to be muscular in origin. 
Bone pain is often described as deep and nerve pain as burning, tingling, or numbness. 
Referred pain is common in children; thus, although usually helpful, the location of pain 
may be deceiving. Migrating extremity pain is less likely to occur after trauma and is more 
typical of systemic illnesses such as leukemia, acute rheumatic fever, disseminated gonorrhea, 
and arthralgia or arthritis associated with infl ammatory bowel disease. Th e mode of onset, 
variability, duration, and frequency of pain also help in determining its cause. Activities asso-
ciated with worsening or relief of pain can also lead to a diagnosis. Similarly, color change 
associated with extremity pain may indicate infl ammation (faint red), infection (intense 
red), or autonomic dysfunction (pallor, cyanosis, and erythema). Stiff ness, especially with 
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clinical evidence of arthritis not associated with trauma, should prompt concern about a 
rheumatologic process.

A history specifi c to trauma associated with extremity pain can be helpful. Trauma 
accompanied by an audible pop or snap is more likely the result of a dislocation, sprain, 
or fracture. Mild trauma that leads to a fracture might indicate some previous defect in 
the bone, as with a pathological fracture. If the physical fi ndings of trauma are greater 
than would be expected from the history, then physical abuse must be considered.

Th e child’s general health history completes the picture of extremity pain. For example, 
the diff erential diagnosis changes with age. Toxic synovitis of the hip is a common diagnosis 
in a child younger than 10 years; a slipped capital femoral epiphysis is more likely in an 
overweight adolescent.

As a screen for systemic disease, all systems should be reviewed briefl y. Particular 
attention should be paid to a history of fever, recent weight loss, sweating, rashes, and 
gastrointestinal symptoms. A history of recent medications is important and might reveal 
a serum sickness–like illness. Even a short course of systemic steroids can cause aseptic 
necrosis of the hip or can result in demineralization of bone. Immunizations, particularly 
for rubella, may cause joint or extremity pain, and a history of exposure to viral illness 
might explain myalgia or arthralgia. Specifi cally, both parvovirus and hepatitis B can cause 
signifi cant arthralgia.

Th e patient’s family history may reveal a tendency toward autoimmune disease or recent 
exposure to infectious diseases. Th e family history is particularly helpful in identifying hemo-
globinopathies. A family history of sickle cell anemia in a 6- to 24-month-old child whose 
hands and feet are painfully swollen may lead to the diagnosis of hand-foot syndrome and 
previously undiagnosed sickle cell disease. A sickle cell pain crisis must always be considered 
in a black child or a child of Mediterranean origin who has a painful extremity. Human 
leukocyte antigen B27 is associated with reactive arthritis (formerly called Reiter syndrome), 
psoriatic arthritis, infl ammatory bowel disease, and ankylosing spondylitis, and has been 
described in association with enthesitis-related arthritis (infl ammation of tendons, ligaments, 
or fascia at their attachments to bone).6 Joint hypermobility syndrome and fi bromyalgia 
also can be familial.

Extremity pain may be a symptom of a functional disorder and can serve as an entry to 
the physician’s offi  ce. One large group of pediatric rheumatologists has estimated that 11% 
of their new patients suff er from psychosomatic musculoskeletal pain.7 In cases of functional 
pain, the history may be either quite dramatic or highly understated. Pain in a nonanatomic 
distribution or that disturbs only unpleasant activities (waxing on school days and waning 
on weekends) should raise suspicion of a functional disorder. Eliciting a history of recent 
events at home, recent school performance, and other social history can be essential to 
determining the diagnosis.

Physical Examination
A brief general physical examination is worthwhile even if the history points to extrem-
ity pain from minor local trauma. Abnormalities in blood pressure, heart rate, or growth 
pattern can reveal an endocrine cause. An elevated resting heart rate is associated with 
rheumatic fever. Pallor, fever, lymphadenopathy, or organomegaly may be clues to systemic 
disease. A rash may be particularly helpful. Dermatomyositis occurs with muscle pain and 
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proximal weakness associated with a vasculitic rash on the extensor surfaces of knuckles, 
knees, and elbows (Gottron papules). Palpable purpura and extremity pain are associated 
with Henoch-Schönlein purpura. A photosensitive rash in a child who has limb pain might 
point to systemic lupus erythematosus, dermatomyositis, or parvovirus infection. Nail pit-
ting is associated with psoriasis.

In a child with unexplained extremity pain, a thorough eye examination by an oph-
thalmologist may detect uveitis, sometimes associated with juvenile idiopathic arthritis. 
Photophobia, eye injection, or pain with accommodation associated with extremity pain 
warrants a consultation with a rheumatologist and ophthalmologist. A complete physical 
examination can reveal generalized joint laxity and hyperextensibility, diff erentiating benign 
hypermobility syndrome from a focal ligament injury. In benign hypermobility syndrome 
(Ehlers-Danlos syndrome type III), the joint laxity allows chronic hyperextension, which 
can cause pain, typically in weight-bearing joints. Th e pain often is worse in the evening. 
Dancing and gymnastics may exacerbate arthralgia, as can any other joint-impacting activity.

Claudication is a rare cause of extremity pain in children. However, in popliteal artery 
entrapment syndrome, vascular calf pain that radiates to the foot is associated with an 
anomalous popliteal artery or anomalous placement of the gastrocnemius muscle.8 Th e 
pain begins with activity, sometimes more with walking than with running. Th is syndrome 
is suggested if normal pedal pulses are lost with simultaneous knee extension and foot 
plantar fl exion.

Because referred pain is common in children, the physical examination should include 
areas proximal and distal to the site of the complaint. A slipped capital femoral epiphysis 
and Legg-Calvé-Perthes disease, both of which aff ect the hip, can produce knee or thigh 
pain, whereas an abscess of the psoas muscle may cause hip pain. Appendicitis and other 
intra-abdominal processes and diskitis can also cause pain that is referred to a lower extremity.

Examination of a painful extremity should include assessment of peripheral vascular sta-
tus, muscle strength, soft-tissue swelling, and skeletal injury. Disruption of joint integrity may 
be shown by demonstration of abnormal range of motion of the joint with passive movement. 
Peripheral vascular status is assessed by palpating the pulses and determining the capillary 
refi ll time distal to the pain. Skin color and warmth, tenderness to palpation, and the extent 
of passive and active range of motion should all be assessed. Swelling, warmth, and erythema 
over a joint are signs of arthritis. Point tenderness over a bone raises suspicion of a fracture. 
Point tenderness in the absence of a clear history of trauma may indicate osteomyelitis. 
Comparing the opposite limb is helpful when assessing swelling, muscle wasting, or joint 
mobility. Observing the patient’s gait or use of the painful limb when the patient is unaware 
of the observation helps in diagnosing a functional process. Isolated distal weakness is likely 
to be of neurologic origin, whereas proximal weakness is most likely from muscular disease. 
Finally, with chronic extremity pain, serial examinations of the patient over the course of 
weeks can be the key to diagnosis.

Laboratory Examination
Laboratory studies are unnecessary for most extremity pain. However, if the history and 
physical examination do not lead to a defi nitive diagnosis, if they raise suspicion of a systemic 
or an infectious disease, or if the pain persists longer than anticipated, then screening labora-
tory tests are in order. A basic evaluation should include a complete blood cell count (CBC), 
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a sedimentation rate, a C-reactive protein, and a sickle cell preparation or hemoglobin elec-
trophoresis when indicated. Appropriate serologies should be considered if features of the 
physical examination are consistent with rheumatologic disease. An elevated sedimentation 
rate raises suspicion of an infectious or infl ammatory disorder or, occasionally, of a neoplasm. 
A CBC may reveal anemia or may suggest an infectious disease. With leukemia, the white 
blood cell (WBC) count varies, but immature forms may be present in the diff erential WBC 
count or thrombocytopenia may be present. A creatine phosphokinase determination is 
occasionally indicated if muscular pain or weakness is suspected.

Imaging
Radiologic studies are often unnecessary in evaluating limb pain. However, because of the 
plasticity of children’s bones, traumatic injury that would ordinarily cause only a sprain in 
an adult is more likely to result in a greenstick or buckle fracture in a child. Th e presence of 
point tenderness or gross deformity in an extremity or pain on motion of the involved limb 
increases the likelihood of fracture. In an eff ort to minimize the use of radiographic stud-
ies after traumatic injury to the knee and ankle, Th e Ottawa Criteria have been developed 
for use in adults. Th ese criteria have also now been validated for use in children older 
than 5 years9,10 (Box 24-1). When no clear history of trauma is revealed, when symptoms 
persist, and when associated systemic complaints are present, radiographs can help identify 
bony tumors, pathological fractures, some metabolic defects, and a signifi cant number of 
orthopedic conditions.

A bone scan is a useful diagnostic tool in evaluating limb pain and should be considered 
when a stress fracture, osteomyelitis, or malignancy is suspected. Bone scans are more sen-
sitive than plain-fi lm radiography for establishing these diagnoses. Increasingly, magnetic 

BOX 24-1

Indication for Plain Radiograph Evaluation After 
Trauma Using the Ottawa Ankle and Knee Rules
Radiograph of the knee is indicated after 
trauma if a
• Age older than 55 years
• Isolated tenderness of patella
• Tenderness at the head of the fi bula
• Inability to fl ex the knee to 90 degrees
• Inability to bear weight both immediately 

and at medical evaluation
Radiograph of the ankle is indicated after 
trauma in cases of b
• Pain in the malleolar zone and (1) tenderness 

of the tip of the medial malleolus or bone 
tenderness of the distal 6 cm of posterior 

tibia, OR (2) tenderness of the tip of the 
lateral malleolus or bone tenderness of the 
distal 6 cm of the posterior fi bula, OR 
(3) inability to bear weight immediately after 
injury and at the time of medical evaluation.

Radiograph of the foot is indicated after 
trauma in cases of
• Pain in the midfoot zone and (1) tenderness 

at the base of the fi fth metatarsal, OR 
(2) tenderness at the navicular bone, OR 
(3) inability to bear weight immediately 
after injury and at the time of medical 
evaluation. 

aDowling S, Spooner CH, Liang Y, et al. Accuracy of Ottawa Ankle Rules to exclude fractures of the ankle and midfoot 
in children: a meta-analysis. Acad Emerg Med. 2009;16(4):277–287
bVijayasankar D, Boyle AA, Atkinson P. Can the Ottawa knee rule be applied to children? A systematic review and meta-
analysis of observational studies. Emerg Med J. 2009;26(3):250–253
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resonance imaging (MRI) is being used as a replacement for bone scans in the diagnosis of 
osteomyelitis. Th e combined use of T1, T2, and short-tau inversion-recovery images eff ec-
tively rules out osteomyelitis, with a negative predictive value approaching 100%.11 MRI 
off ers the additional advantage of excellent visualization of soft-tissue and joint disease. Th ere 
may still be a role for bone scan in the evaluation for osteomyelitis when need for sedation 
is a concern and when the area of potential involvement cannot be adequately narrowed 
based on physical examination.

Differential Diagnosis
Th e diff erential diagnosis of extremity pain is extremely broad (Box 24-2). However, most 
limb pain is benign, requires no intervention, and is self-limited. Characteristic patterns of 
pain and associated signs and symptoms signal the presence of certain diseases and condi-
tions. A discussion of some of these disorders follows.

BOX 24-2

Extremity Pain in Childhood: Diff erential Diagnosis
IMMUNE-MEDIATED ORIGIN

• Dermatomyositis
• Familial Mediterranean fever
• Guillain-Barré syndrome
• Henoch-Schönlein purpura
• Infl ammatory bowel disease
• Juvenile idiopathic arthritis
• Kawasaki disease
• Mixed connective-tissue disease
• Polyarteritis nodosa
• Rheumatic fever
• Scleroderma
• Serum sickness
• Systemic lupus erythematosus

CONGENITAL ORIGIN

• Caff ey disease
• Hemophilia
• Hypermobility syndrome (Ehlers-Danlos 

syndrome type III)
• Mucolipidosis
• Mucopolysaccharidosis
• Osteogenesis imperfecta
• Popliteal artery entrapment syndrome
• Sickle cell anemia, thalassemia

ENDOCRINE ORIGIN

• Hypercortisolism
• Hyperparathyroidism
• Hypothyroidism

IDIOPATHIC ORIGIN

• Fibromyalgia
• Growing pains
• Restless leg syndrome
• Sarcoidosis

INFECTIOUS ORIGIN

Bacterial

• Arthralgia or myalgia associated with 
streptococcal infection

• Diskitis, spinal epidural abscess
• Gonorrhea
• Osteomyelitis
• Pyogenic myositis
• Septic arthritis
• Enteric disease
• Meningococcal disease
• Syphilis: periostitis
• Tuberculosis

Viral

• Myalgia, arthralgia
• Myositis
• Toxic synovitis

Other

• Histoplasmosis
• Immunization reaction
• Trichinosis

Continued
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BOX 24-2

Extremity Pain in Childhood: Diff erential 
Diagnosis—cont’d
METABOLIC ORIGIN

• Carnitine palmityltransferase defi ciency
• Fabry disease
• McArdle syndrome
• Phosphofructokinase defi ciency

NEOPLASTIC ORIGIN

• Langerhans cell histiocytosis
• Leukemia
• Lymphoma
• Neuroblastoma

 Chondrosarcoma
 Ewing sarcoma
 Osteoblastoma (benign)
 Osteogenic sarcoma
 Osteoid osteoma (benign)

• Tumors of soft tissue
 Fibrosarcoma
 Rhabdomyosarcoma
 Synovial cell sarcoma 

• Tumors of the spinal cord
• Tumors of bone

NUTRITIONAL ORIGIN

• Gout
• Hypercholesterolemia
• Hypervitaminosis A
• Osteoporosis
• Rickets (vitamin D defi ciency)
• Scurvy (vitamin C defi ciency)

ORTHOPEDIC ORIGIN

• Chondromalacia patellae
• Freiberg disease

• Infl exible fl at feet, tarsal coalition
• Kohler disease
• Legg-Calvé-Perthes disease
• Osgood-Schlatter disease
• Osteochondritis dissecans
• Osteogenesis imperfecta
• Pathological fracture
• Sever disease
• Slipped capital femoral epiphysis

PSYCHOSOCIAL ORIGIN

• Behavior disorders
• Psychogenic pain
• Refl ex neurovascular dystrophy
• School phobia 

TRAUMA OR OVERUSE

• Compartment syndrome
• Fracture
• Myohematoma
• Myositis ossifi cans
• Nerve compression syndrome

 Carpal tunnel syndrome
 Cervical nerve root entrapment 

• Other peripheral nerve root compression
• Physical abuse
• Shin splint
• Sprain
• Stress fracture
• Subluxed radial head
• Th oracic outlet syndrome 

Growing Pains
Growing pains are a time-honored pediatric disorder. Th ey are intermittent, deep extremity 
pains that aff ect the lower more often than the upper extremities. Th e pain is nearly always 
bilateral, rarely involves the joints, and is almost universally worse at night, lasts fewer than 
2 hours, and resolves completely in the morning. Despite their name, growing pains do 
not occur most frequently during periods of rapid growth. Instead, their onset is described at 
3 to 5 or 8 to 12 years of age. For many children growing pains resolve in 12 to 24 months; 
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however, they may persist into adolescence. In a 5-year follow-up of 35 children with growing 
pains, half had resolution of the condition and nearly all had improvement.12

Th e cause of growing pains remains unclear. However, headache and abdominal pain, 
often associated with emotional illnesses, also have accompanied growing pains. In the 5-year 
follow-up study, only children with persistent growing pains had lower pain thresholds than 
controls.12

Th e diagnosis of growing pains is signifi cant for its lack of associated physical signs. Th us, 
any abnormal fi nding on physical examination should provoke a search for another cause. 
Similarly, radiographs and the results of screening laboratory tests usually prove normal. 
Treatment involves heat, massage, and analgesics.

Sprains
A sprain is a physical disruption of a ligament. In children, sprains occur less commonly 
than in adults because a child’s open epiphyseal plate or plastic bony cortex tends to give 
way more easily than does a ligament. Th erefore, Salter-Harris fractures and buckle fractures 
should be considered when the history indicates a sprain and when physical examination 
reveals tenderness on palpation or pain on stretching the ligament. Joint stability should also 
be assessed. Sprains can be graded according to the degree of associated ligament disruption. 
A mild, microscopic tear that results in no laxity of the involved joint is a grade I sprain. 
Grade II sprains involve macroscopic but incomplete ligament tears. Joint laxity is greater, 
but less than a 5-mm movement diff erential exists between the sprained and the contralateral 
joint. Grade III sprains result in more than 5 mm of increased mobility of the aff ected joint. 
Th e primary care physician can treat grade I sprains by icing and wrapping the involved 
joint to minimize swelling. Early range of motion exercises should be encouraged, with a 
gradual return to activity. Th e recurrence of pain indicates too rapid a return to a given level 
of activity. Grade II and grade III sprains should generally be referred to an orthopedist or 
sports medicine physician for immobilization and consideration of surgical repair of torn 
ligaments.

Overuse Syndromes
Overuse injuries have become more common as organized sports for children have become 
popular nationwide and as the competitive level of some sports activities has increased. 
Localized, gradually increasing, and persistent extremity pain that worsens with weight 
bearing, exercise, and activity, but that diminishes with rest, can indicate a stress fracture. 
Stress fractures are rare in children younger than 12 years. Th ey most commonly aff ect the 
second metatarsal, the proximal tibia, or the fi bula. A radiograph may show normal fi ndings, 
and although a bone scan or an MRI can help establish the diagnosis they are not routinely 
indicated because treatment consists mostly of rest and nonsteroidal anti-infl ammatory 
agents. Casting or splinting is occasionally necessary.

Little League elbow is an overuse injury caused by the repetitive motion of pitching a 
baseball; this motion compresses the radial aspect of the elbow and stretches the ulnar aspect. 
Th e result is painful infl ammation of the epicondyles. Th e range of joint motion also may 
be diminished. Fragments of bone splintered into the joint may cause the joint to catch or 
lock. Treatment consists of resting the arm by avoiding the repetitive movement. A change 
in pitching technique may reduce recurrences. To prevent this problem, some Little League 
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systems limit both the number of innings a child may pitch in a game and the age at which 
certain pitches can be thrown.

Shin splints are also caused by overuse. Th e term originally referred to pain along the 
posteromedial aspect of the tibia as a result of irritation at the origin of the posterior tibial 
muscle. Shin splints now refer to any of a series of painful overuse syndromes of the lower 
portion of the leg, including irritation of the posterior or anterior tibial muscle, infl ammation 
of the interosseous membrane located between the tibia and fi bula, and both anterior and 
posterior compartment syndromes. All of these abnormalities can cause pain in the lower 
legs. Th e condition, which is exacerbated by running and jumping, occurs most commonly 
at the beginning of a training season. Although the pain occurs initially after activity, it may 
occur during or before activity as the syndrome progresses. On examination, tenderness may 
be felt over the posteromedial aspect of the tibia, over the proximal portion of the posterior 
tibia, or over the anterior tibia. Diff erential diagnosis includes Osgood-Schlatter disease with 
pain localized to the tibial tuberosity. Treatment of shin splints involves rest, application of 
ice, and anti-infl ammatory agents. For runners, training on a softer surface or with better-
quality running shoes may help.

Subluxation of the Radial Head
Nursemaid’s elbow is a common injury in toddlers. Th e injury usually follows sudden, 
forceful traction of the hand or forearm, which pulls the immature radial head briefl y from 
the cuff  formed by the annular ligament. Release of the force allows the radius to trap the 
ligament against the capitellum. A verbal patient usually localizes the pain to the elbow 
or, occasionally, to the wrist. More often, the child refuses to use the extremity and holds 
the arm with the elbow fl exed, the forearm close to the chest, and the hand in pronation. 
Th e diagnosis is usually made by history alone. If the history is unclear, or if attempts to 
reduce the subluxation are unsuccessful, then radiographs may be obtained to rule out a 
fracture. Radiographic fi ndings in subluxation of the radial head usually are negative. Th e 
physician can reduce the subluxation by using 1 hand to supinate the patient’s forearm 
quickly while simultaneously exerting traction on the forearm and using the thumb of 
the other hand to create pressure over the patient’s radial head. Th is maneuver is com-
pleted by placing the elbow through full extension and fl exion while maintaining pressure 
over the radial head. Alternatively, the child’s forearm can be fully pronated instead of 
supinated, and then either fully extended or fl exed. With either maneuver, normal use 
of the extremity usually returns within 30 minutes. Th e rapid recovery is dramatic and 
rewarding to the parents and the physician. A prompt return to normal use of the aff ected 
arm may not occur if the subluxation has been present for some time because of swelling 
of the ligament. In such instances, the aff ected arm should be placed in a simple sling 
and positioned across the upper portion of the abdomen for 12 to 24 hours. Referral to 
an orthopedist is rarely required.

Slipped Capital Femoral Epiphysis
A slipped capital femoral epiphysis is caused by a sudden or gradual dislocation of the head 
of the femur from its neck and shaft at the level of the upper epiphyseal plate. Th e char-
acteristic pain occurs in the aff ected hip or the medial aspect of the ipsilateral knee. Th e 
displacement may be sudden, in which case the pain is usually severe and associated with the 
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inability to bear weight. Gradual displacement is associated with slowly increasing, dull pain. 
Th is condition typically aff ects sedentary, obese adolescent boys. Th e physical examination 
may reveal diminished abduction and internal rotation of the hip. Th e diagnosis is made 
radiographically. Management involves surgical placement of a pin through the femoral 
head and the epiphysis to prevent further slippage. Avascular necrosis of the femoral head 
is a common complication, even with early recognition and treatment.

Toxic Synovitis
Toxic synovitis, a self-limited infl ammation of the hip joint, commonly occurs in children 
younger than age 10 years. Th e cause is unknown; however, because it often occurs within 
2 weeks after an upper respiratory infection, a postviral infl ammatory process is suspected. 
Typical presentation is that of a child who refuses to walk because of apparent pain in the 
hip. Th e hip is held in fl exion, abduction, and external rotation. Findings may include a 
slight elevation in the WBC count and the sedimentation rate, a frustrating development 
for the physician, who hopes to rule out septic arthritis. A C-reactive protein of less than 
1 mg/dL has been shown to have an 87% negative predictive value for septic arthritis.13 
Th is study may off er reassurance. However, persistent concern for septic arthritis may 
lead to consultation with an orthopedist. Treatment of toxic synovitis consists of bed rest, 
usually for fewer than 4 days. In rare instances, avascular necrosis of the femoral head may 
be a late complication.

Osteochondroses
Osteochondroses include a group of disorders in which degeneration or aseptic necrosis of 
bone and overlying cartilage occurs at an ossifi cation center and is followed by recalcifi ca-
tion. Th e disorders vary in name and presentation according to their locations.

Legg-Calvé-Perthes disease, or osteochondrosis of the femoral head, results from com-
promise of the tenuous vascular supply to the area. Th e condition may be idiopathic or 
may result from a slipped capital femoral epiphysis, trauma, steroid use, sickle cell crisis, 
or congenital dislocation of the hip. Toxic synovitis also is associated with subsequent 
Legg-Calvé-Perthes disease, but not commonly. After compromise of the vascular supply, the 
bone underlying the articular surface of the head of the femur becomes necrotic. Collapse of 
the necrotic bone fl attens the femoral head and causes a poor fi t with the acetabulum, even 
after new bone is formed. Th e pain associated with Legg-Calvé-Perthes disease, which results 
from necrosis of the involved bone, is often referred to the medial aspect of the ipsilateral 
knee. A limp may be the presenting complaint. In many instances, an early diagnosis eludes 
the physician because radiographic fi ndings may be normal or show only swelling of the 
joint’s capsule. A bone scan may demonstrate diminished blood fl ow to the femoral head 
compared with the contralateral hip. Later, radiographs may show areas of bone resorption, 
irregular widening of the epiphysis, or dense new bone formation. Th e goal of therapy is 
to prevent fl attening of the femoral head as it undergoes new bone formation by keeping 
the hip abducted so that the head of the femur is held well inside the rounded portion 
of the acetabulum. Either bracing or an osteotomy may accomplish this task; both require 
referral to an orthopedic surgeon.

Two similar processes can aff ect the knee joint. Osteochondritis dissecans involves degen-
eration of bone and cartilage at the articular surface of the knee, particularly at the lateral 
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aspect of the medial condyle of the femur. Knee pain, crepitus, or a sensation of instability or 
locking caused by loose bone and cartilage fragments in the joint can result. Chondromalacia 
patellae occurs because of a painful softening or breakdown of the inner surface of 
the patella. Th e pain is localized to the knee and increases with activities that require 
prolonged knee bending and even with prolonged sitting. Th e pain is described as grinding 
and can sometimes be elicited by applying pressure over the patella. Moving the patella from 
side to side over the knee joint may cause crepitus and apprehension. Treatment is usually 
limited to pain relief and reassurance that, in time, the condition will resolve. Exercise 
to strengthen the medial quadriceps muscles and to stretch the hamstrings may promote 
better alignment of the patella with the knee and thereby diminish the pain. Rarely, in severe 
cases, the patella may have to be realigned surgically. Osteochondrosis of the growth plate of 
the calcaneus (Sever disease) can produce heel pain that worsens with activity. Th is usually 
mild process requires only rest, nonsteroidal anti-infl ammatory agents, and padding of the 
heel to relieve the pain. Avascular necrosis and osteochondrosis of the tarsal navicular bone 
(Kohler disease) and of the head of the second metatarsal (Freiberg disease) can cause foot 
pain. Treatment usually requires only pain medication and rest.

Osgood-Schlatter disease is a painful degeneration of the tibial tubercle at the site of 
insertion of the quadriceps ligament. It is characterized by painful swelling of the anterior 
aspect of the tibial tubercle, usually occurring during adolescence. Th e degree of swelling 
may be alarming, and the area is tender to palpation. Pain is exacerbated by activity that 
involves increased use of the quadriceps muscles. Th e process is self-limited and resolves 
toward the end of adolescence when the epiphysis at the insertion site closes and the bone 
becomes stronger than the inserted ligament. Until it resolves, the condition is treated with 
rest, analgesics, and, occasionally, supportive patellar knee straps. In rare cases, casting or 
surgical attachment of the quadriceps ligament is required.

Osteomyelitis
Osteomyelitis is a local infection of bone, usually involving 1 of the long bones. Th e 
highest incidence is in children 3 to 12 years of age. Although infection often occurs by 
hematogenous seeding, it can be caused by direct entry after local trauma. In both children 
and adults, the most commonly isolated organism is Staphylococcus aureus. Improved diag-
nostic testing has allowed identifi cation of Kingella kingae as 1 of the primary pathogens of 
osteomyelitis (and septic arthritis) in children younger than 6 years.14 Eff ective vaccination 
for Haemophilus infl uenzae type b has made this pathogen a rare cause of osteomyelitis in 
immunized children.15 Other organisms, including Salmonella species and group A strep-
tococci also infect the bone. Group B Streptococcus is more likely the cause of infection in 
newborns. Osteomyelitis caused by Salmonella tends to occur more often in children who 
have sickle cell anemia than in other children. In assessing trauma from a puncture wound 
to the foot, especially through a sneaker, Pseudomonas aeruginosa must be considered. In 
addition, tuberculous osteomyelitis still occurs and may become more common with the 
resurgence of tuberculosis.

Osteomyelitis can produce extremity pain alone or extremity pain with signs of a systemic 
infectious disease (fever, irritability, septic appearance). In the absence of systemic signs, 
distinguishing between osteomyelitis and a traumatic cause of the pain is often diffi  cult. 
A period of 2 weeks or longer may be required for radiographic evidence of osteomyelitis 
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to develop. A bone scan is usually, but not always, diagnostic. In rare cases, a reduction in 
perfusion caused by pressure from the exudative process may result in false-negative scans. 
MRI is now the preferred test for confi rming this diagnosis. In addition, the WBC count 
and sedimentation rate are often elevated in osteomyelitis. Th e eff ectiveness of treatment 
can be monitored by repeating tests of the sedimentation rate or the C-reactive protein.

Neoplasms
Although neoplasm is not commonly the cause of limb pain, the possibility of a tumor is a 
common concern for parents of children who have this complaint. Even if rare, benign and 
malignant bone tumors and systemic malignancies can cause limb pain.

Osteoid osteoma is a benign prostaglandin-secreting bone tumor that occurs most often 
in adolescents and usually involves a femur, tibia, or lumbar vertebral body. Pain, the pre-
senting complaint, is initially dull and increases in intensity to deep and boring. Th e pain 
is more intense at night and with weight bearing. Radiographic fi ndings of sclerotic bone 
around a lucent center are diagnostic of this condition; tomograms are sometimes required 
for confi rmation. Surgical excision is curative.

Systemic neoplasms in which extremity pain occurs include leukemia and metastatic 
neuroblastoma. Childhood leukemia is an uncommon cause of extremity pain. However, 
up to one-third of children who have acute lymphocytic leukemia have bone pain at the 
time of diagnosis, and in one-fourth of children, joint or bone pain is a signifi cant present-
ing complaint. Unrelenting, increasing pain that worsens at night or with rest and that is 
not relieved by analgesics, heat, or massage may indicate the presence of a metastatic bone 
tumor. Systemic signs (weight loss, pallor, lymphadenopathy, hepatosplenomegaly, or fever) 
may accompany the pain. In leukemia, examination of the extremity may reveal strikingly 
little to account for the degree of pain. Radiographic studies of the extremities may show 
lucent leukemic lines in the subepiphyseal area.

Primary malignant tumors of bone may cause severe unilateral pain, with swelling and 
tenderness at the tumor site. Th e possibility of this diagnosis supports the use of radiographic 
studies when unilateral limb pain is not explained adequately by a history of trauma and 
when pain from trauma does not resolve as expected. Th e peak incidence of both osteogenic 
sarcoma and the less common Ewing sarcoma occurs in late childhood and during adoles-
cence. Th e radiograph of an osteogenic sarcoma may reveal a tumor in the metaphysis with 
the presence of both radiolucent and radiopaque areas. Th e characteristic sunburst results 
from extension of calcifi cation into the overlying soft tissue. Although periosteal elevation 
may be present, it is not diagnostic of the disease.

When to Refer

• Surgical procedure or subspecialist required for defi nitive treatment (eg, suspected 
anterior cruciate ligament tear, Ewing sarcoma, other associated conditions)

• Surgical procedure or subspecialist required for diagnostic evaluation (eg, suspected 
septic arthritis, juvenile idiopathic arthritis, systemic lupus erythematosus, other associ-
ated conditions)

• Extremity pain part of multisystemic signs and symptoms (eg, Fabry disease, Crohn 
disease, other associated conditions)
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Growing Pains Are Normal Most of the Time (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/health-issues/conditions/orthopedic/Pages/Growing-
Pains-Are-Normal-Most-Of-Th e-Time.aspx)

• Ankle Sprain Treatment (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/health-issues/injuries-emergencies/sports-injuries/Pages/
Ankle-Sprain-Treatment.aspx)

• Nursemaid’s Elbow (fact sheet), American Academy of Pediatrics (www.healthychildren.
org/English/health-issues/conditions/orthopedic/Pages/Nursemaids-Elbow.aspx)
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Chapter 25

Facial Dysmorphism
Robert W. Marion, MD; Joy Samanich, MD

“It is my business to know things. Perhaps I have trained myself to see what 
others overlook.”

Sherlock Holmes, “A Case of Identity”1 

If someone were searching for a role model for the fi eld of dysmorphology, the study of 
the recognition of patterns of congenital malformations and dysmorphic features that 
characterize particular syndromes, Sir Arthur Conan Doyle’s famous detective, Sherlock 
Holmes, would be an excellent candidate. Like Holmes, the dysmorphologist, who is 
a subspecialist within the fi eld of medical genetics, searches for clues when evaluating a 
patient: sometimes facts become available from a carefully obtained history; sometimes 
facial features that are in plain sight can lead to a diagnosis; and, similar to a detective solving 
a crime, the dysmorphologist attempts to assemble these bits of information into a single, 
unifying diagnosis. Th ese clues may be obvious, or they may be so subtle that other physicians 
simply overlook them. Th eir diagnostic signifi cance and the information they may provide 
about the developmental timing of a congenital anomaly, however, may prove invaluable.

 DEFINITIONS
Defi ned as clinically signifi cant abnormalities in form or function, congenital malformations 
result from localized, intrinsic defects in morphogenesis that occur in embryonic or early fetal 
life. Th ese defects, which include clefting of the lip or palate, congenital heart disease such 
as tetralogy of Fallot, and multicystic kidney disease, may result from an unknown cause, 
but increasingly can be traced to mutations in or deletions of single developmental genes. 
Malformations usually require surgical intervention.2

Deformations diff er from malformations in that they arise from environmental forces 
acting on normal tissue primordia. For example, a fetus reared in a uterus in which a large 
fi broid is present may have limited space for the limbs to go through their normal range 
of motion; limitation of motion of the limbs leads to congenital contractures, a condition 
known as arthrogryposis multiplex congenita. Deformations occur later than malformations, 
usually after the fi rst trimester of pregnancy is completed, and they often resolve with 
minimal therapy.3

A malformation such as a cleft lip or cleft palate or a deformation such as clubfoot 
deformity (Figure 25-1) may occur as an isolated feature or, in instances in which multiple 
malformations occur together, may be part of a malformation sequence, a syndrome, or an 
association.
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When a single malformation causes secondary eff ects on other structures later in develop-
ment, a malformation sequence will result. For instance, in the Pierre Robin malformation 
sequence, the primary malformation, failure of the growth of the mandible during the fi rst 
weeks of gestation, results in micrognathia (small jaw); because of the insuffi  cient size of 
the jaw, the tongue, which is normal in size, is forced into an unusual position; the abnor-
mally placed tongue blocks the fusion of the palatal shelves that normally come together in 
the midline, thus producing a U-shaped cleft of the palate; after delivery, the normal-sized 
tongue in the smaller-than-normal oral cavity leads to airway obstruction and obstructive 
apnea, a potentially life-threatening complication. Th us, 3 anomalies result from the single 
malformation.2

In clinical genetics, a syndrome is defi ned as a group of malformations that occur together 
and are caused by a clearly identifi able causative agent. Th is agent may be a single gene 
mutation; such is the case in Marfan syndrome in which a mutation in the FBN1 gene 
on chromosome 15 leads to abnormally formed fi brillin, an important component of the 
myofi brillar array of connective tissue. Th e result is a characteristic set of abnormalities of 
the skeletal, cardiovascular, and ophthalmologic systems. Single gene mutations account 
for approximately 7.5% of all multiple malformation syndromes. A second cause of a syn-
drome can be a chromosomal abnormality, as in Down syndrome, in which an extra copy 
of chromosome 21 leads to craniofacial dysmorphic features, developmental disabilities, 
cardiac anomalies, and other abnormalities. Approximately 6% of infants with multiple 
malformation syndromes have a chromosomal abnormality. A third underlying cause of a 
syndrome can be a teratogenic agent—a drug, chemical, or environmental toxin that causes 
damage to the developing embryo or fetus. One example is valproic acid, an anticonvulsant 
that when given to a woman during the fi rst trimester of pregnancy leads to spina bifi da, 
a characteristic facial appearance, limb defects, and other anomalies in exposed embryos. 
Teratogens account for approximately 6% of cases of infants with multiple malforma-
tion syndromes.4 Finally, a syndrome can result from unknown factors, as is the case with 

Figure 25-1
Club feet. (From Hoyme HE. Assessing dysmorphology in primary care. In: Saul RA, ed. Medical Genetics in 
Pediatric Practice. Elk Grove Village, IL: American Academy of Pediatrics; 2013:135–174.)
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septo-optic dysplasia, which is characterized by midline brain abnormalities, optic nerve 
hypoplasia and pituitary endocrine dysfunction. Th ough a small number of patients (�1%) 
with septo-optic dysplasia have a mutation in the HESX1 gene, most individuals with this 
condition have no identifi able underlying cause.5

Associations diff er from syndromes in that no single underlying cause has been identi-
fi ed to explain a recognizable pattern of anomalies that occur together more than would be 
expected by chance alone. One example is the VACTERL association (vertebral anomalies, 
anal atresia, cardiac defects, tracheoesophageal fi stula, renal anomalies, and limb anoma-
lies). Because no single unifying cause that explains this condition has been identifi ed, it is 
considered an association. When the cause of an association becomes known, the disorder is 
recategorized as a syndrome. Th is change recently happened with the CHARGE association 
(coloboma, heart disease, atresia choanae, retardation of growth or development, genitouri-
nary tract anomalies, and ear anomalies) when, in 2004, this entity was found to be related to 
mutations in the CHD7 gene on chromosome 8. Identifi cation of mutations in this gene in 
patients with this condition allowed CHARGE association to become CHARGE syndrome.

Between 2% and 5% of newborns are found during the neonatal period to have 1 or 
more congenital malformations. Th is percentage increases at 1 year of age to between 7% and 
8% because some malformations, such as congenital heart disease and renal anomalies, may 
remain clinically silent during the newborn period only to display later in life. In approxi-
mately one-half of children with congenital malformations, only a single malformation is 
identifi able; in the other half, multiple malformations are present.6

 APPROACH TO THE CHILD WITH DYSMORPHIC FEATURES
Th e birth of a child with dysmorphic features is a diffi  cult and unsettling experience for the 
family, the physician, and the medical staff . In many instances, recognition of any problem 
in an infant will lead to a crisis for the family; the physician caring for the infant and the 
family may easily panic in such a situation. Th erefore, establishing a standardized routine in 
a format that can routinely be followed when the physician is faced with such a situation is 
helpful for the evaluation of the child with dysmorphic features. Th is routine should include 
taking the history, including a 3-generational family history, and performing a careful physi-
cal examination. Following these steps, specifi c diagnostic laboratory tests can be ordered to 
confi rm a diagnosis (Box 25-1).6

When approaching a child with dysmorphic features, physicians must be sensitive about 
the terminology used to describe the infant. Th e terms funny-looking kid and funny-looking 
face are derogatory, justifi ably arouse parental indignation, and should be avoided at all times. 
In discussing dysmorphic features with parents or describing them in written or verbal com-
munication with colleagues, the physician should describe the abnormal features as clearly 
and concisely as possible.6

History
In taking the history, the following questions about the pregnancy should be asked:
1. What was the birth weight? A lower-than-expected birth weight can be associated with 

a chromosomal anomaly or exposure to a teratogen. Babies who are large for gesta-
tional age may be infants of diabetic mothers or have an overgrowth syndrome, such as 
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Beckwith-Wiedemann syndrome. Infants who are accurate for gestational age may have a 
single gene mutation, a multifactorial condition, or, most likely, no genetic disease at all.

2. Was the baby full term, premature, or postmature? Th is information is especially important 
when evaluating an older child with developmental disabilities. Complications of ex-
treme prematurity may be responsible for the patient’s problems. Postmaturity is associ-
ated with some chromosome anomalies (such as trisomy 18) and anencephaly.

3. Was the baby born by vaginal or cesarean delivery? If the latter, what was the indication? Th ese 
questions are helpful in evaluating the newborn with dysmorphic features and in older 
children with developmental disabilities. Cesarean delivery may be performed because 
of fetal distress, a risk factor for developmental disability caused by oxygen deprivation. 
Furthermore, babies born from breech presentation are approximately 4 times more likely 
than infants born from vertex presentation to have congenital malformations.

4. How old were the parents at the time of the child’s delivery? Advanced maternal age is associ-
ated with an increased risk of nondisjunction leading to trisomies, such as Down syn-
drome (trisomy 21), whereas advanced paternal age may be associated with an increased 
risk of a new mutation leading to an autosomal dominant trait, such as achondroplasia.

5. Did the pregnancy have complications? Does the mother have underlying medical problems? 
Does she take any medications? Did she smoke cigarettes, drink alcohol, or take any drugs? 
Exposure of the embryo to teratogens—medications, or environmental agents known to 
cause birth defects—is a signifi cant cause of congenital malformations.

6. When did the mother feel quickening? Were fetal movements active? Quickening, which 
normally occurs between 16 and 20 weeks’ gestation, is delayed in hypotonic fetuses, 
who also have movements during fetal life that are not as vigorous as those of a fetus with 
normal muscle tone. Additionally, a mother’s report of persistent hiccups in an infant 
found to have neonatal seizures suggests a prenatal onset of the condition.

7. Was the amount of amniotic fl uid normal? An increased amount of amniotic fl uid is as-
sociated with intestinal obstruction or a central nervous system anomaly that leads to 
poor swallowing, whereas a decreased amount of fl uid may point to a renal or urinary 
tract abnormality that leads to failure to produce urine or a chronic amniotic fl uid leak.
A 3-generation pedigree should be constructed, searching for similar and dissimilar 

abnormalities in fi rst- and second-degree relatives; a history of pregnancy or neonatal losses 
should also be documented.6

Box 25-1

Evaluation of the Individual Who Has Facial 
Dysmorphism 
• Review the pregnancy and medical history.
• Review the family history.
• Evaluate growth of the individual in height, 

weight, and head circumference.
• Evaluate the craniofacial region for dysmor-

phic features, and describe any such features 
that are found.

• Describe any other dysmorphic somatic 
features.

• Defi ne the development of the individual.
• Develop a diff erential diagnosis and con-

sider appropriate laboratory tests.
• Discuss the fi ndings with the family and, if 

appropriate, off er genetic counseling. 
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Physical Examination
In the process of evaluating the child with dysmorphic features, the physical examination 
is the most important element. Whenever possible, the patient should be examined using a 
standardized approach, described in the following sections.

Growth
Th e height (length), weight, and head circumference should be carefully measured and 
plotted on appropriate growth curves. Growth that is appropriate for age may be consis-
tent with the presence of a single gene disorder, a multifactorially inherited condition, or, 
most commonly, no genetic disease. Small size or growth restriction may be secondary to 
a chromosomal abnormality, a skeletal dysplasia such as achondroplasia, or exposure to 
toxic or teratogenic agents. Larger-than-expected size suggests an overgrowth syndrome 
(eg, Soto or Beckwith-Weidemann syndromes) or, if in the newborn period, of maternal 
diabetes.6

Proportions
Do the limbs look appropriate for the head and trunk? If not, then are the limbs too short 
(implying the presence of a short-limbed bone dysplasia such as achondroplasia)? A trunk 
and head that are too small for the extremities may suggest a disorder aff ecting the vertebrae, 
such as spondyloepiphyseal dysplasia.6

Craniofacial Features
Careful examination of the craniofacies is crucial for the diagnosis of many congenital 
malformation syndromes. Often, a careful observer can make a diagnosis simply by looking 
at the child’s face.

In assessing the face, head shape and facial features should be systematically observed.
HEAD SHAPE. In the newborn period, molding may cause the head to be misshapen, 

the result of a late prenatal deformational process (see previous discussion). Th e examiner 
will need to allow a few days for the deformation to resolve before assessing the shape. Th e 
head should then be described using the following terms6:
• Normocephaly describes a normal head shape.
• Dolichocephaly or scaphocephaly describes a long, thin head.
• Brachycephaly describes a head that is narrow in the anteroposterior diameter and broad 

laterally.
• Plagiocephaly describes a head that is asymmetric or lopsided.

FACIAL FEATURES. A dysmorphic face may be appropriate in relation to the family’s 
physiognomy, or it may indicate a particular syndrome. Th e child who has a large head who 
also has a parent with a large head does not prompt as much concern as the large-headed 
child whose parents have normal-size heads. Th us, the examiner must evaluate dysmorphic 
facial features in light of the child’s genetic background. (Table 25-1 lists examples of genetic 
causes of facial malformation.)7 

In evaluating the face, the examiner should fi rst note the symmetry. Facial asymmetry may 
result from a deformation related to intrauterine or extrauterine positioning or a malforma-
tion of 1 side of the face, as is the case with hemifacial microsomia (also known as Goldenhar 
syndrome or oculoauriculovertebral syndrome).



Signs and Symptoms in Pediatrics292

For purposes of evaluation, the face should be divided into 4 regions, each of which 
should be evaluated separately.
1. Th e forehead extends from the anterior hairline to the eyebrows.
2. Th e midface encompasses the region from the eyebrows to the upper lip and laterally

from the outer canthus of each eye to the outer commissure of the lips.
3. Th e malar region extends on either side from the upper portion of the ear to the midface.
4. Th e mandible extends from lower ear to lower ear and including the lower lip.

By analyzing each of these 4 regions and determining which is typical and which is not,
a clear description of the child’s dysmorphic features can be made.6

The forehead may show overt prominence (as is the case with achondroplasia) or
defi ciency (often described as a sloping appearance, which occurs in children with primary 
microcephaly).

Hypoplasia of the midface is a common component of many syndromes, including Down 
syndrome and fetal alcohol syndrome. Evaluating the midface involves careful assessment, 
fi rst by measurement and then through plotting those measurements on appropriate growth 
curves, of both the distance between the eyes (inner and outer canthal distances) and pupils 
(interpupil distance). Such assessment may confi rm the impression of hypotelorism (eyes 
that are too close together), suggestive of a defect in midline brain formation (holopros-
encephaly); or hypertelorism (eyes that are too far apart), suggestive of a syndrome such as 
Opitz syndrome (ocular hypertelorism, tracheal and esophageal anomalies, and hypospadias). 
Th e length of the palpebral fi ssure should be noted and plotted on the appropriate growth 
chart; palpebral fi ssures may be short in fetal alcohol syndrome or excessively long in Kabuki 
syndrome (short stature, intellectual disability, long palpebral fi ssures with eversion of lateral 
portion of lower lid).3,4,8

Other features of the eyes should be noted. Th e obliquity (slant) of the palpebral fi ssures 
may be upward (as in Down syndrome [Figure 25-3]) or downward (as in Treacher Collins 
syndrome [Figure 25-4] or Noonan syndrome [Figure 25-5]). Th e presence of epicanthal 
folds—fl aps of skin covering the inner canthus of the eye, usually associated with fl attening 
of the nasal bridge—may indicate Down syndrome or fetal alcohol syndrome.

Table 25-1
Examples of Genetic Causes of Facial Malformationa

CAUSE EXAMPLE FACIAL DYSMORPHISM

Chromosomal Down syndrome 
(trisomy 21)

Midface hypoplasia, upward obliquity of palpebral 
fi ssures, epicanthal folds, fl at nasal bridge, ante-
version of nares

Autosomal dominant Treacher Collins 
syndrome

Dysplastic ears, maxillary hypoplasia

Autosomal recessive Hurler syndrome Corneal clouding, coarse facies

Teratogenic: intrauter-
ine infection

Congenital rubella Cataracts

Drug induced Fetal alcohol syndrome Smooth philtrum (Figure 25-2), small eyes

aSmith’s Recognizable Patterns of Human Malformation is the most valuable resource for this purpose; 
it also is helpful in determining if a particular condition is genetically based.
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Figure 25-3
Upslanted palpebral fissures, characteristic of 
Down syndrome. (From Hoyme HE. Assessing 
dysmorphology in primary care. In: Saul RA, ed. 
Medical Genetics in Pediatric Practice. Elk Grove 
Village, IL: American Academy of Pediatrics; 
2013:135–174. Courtesy of Greenwood Genetic 
Center, Greenwood, SC.)

Figure 25-2
Smooth philtrum, characteristic of fetal alcohol 
syndrome. (From Hoyme HE. Assessing dysmor-
phology in primary care. In: Saul RA, ed. Medical 
Genetics in Pediatric Practice. Elk Grove Village, 
IL: American Academy of Pediatrics; 2013:
135–174. Courtesy of Greenwood Genetic Center, 
Greenwood, SC.)

Figure 25-4
Treacher Collins syndrome. (Courtesy of Marilyn Jones, MD)



Signs and Symptoms in Pediatrics294

Figure 25-5
Downslanted palpebral fissures, characteristic of Noonan syndrome. (From Hoyme HE. Assessing 
dysmorphology in primary care. In: Saul RA, ed. Medical Genetics in Pediatric Practice. Elk Grove Village, IL: 
American Academy of Pediatrics; 2013:135–174. Courtesy of Greenwood Genetic Center, Greenwood, SC.)

Features of the nose—especially the nasal bridge, which can be fl attened in Down syn-
drome or prominent as in velocardiofacial syndrome—should be noted. Are the nares ori-
ented normally, or are they tipped back (a condition known as anteversion)? Is the body of 
the nose normal, or is it defi cient?6

In evaluating the malar region, the ears should be checked for size (measured and plotted 
on growth charts that record length for age), shape (noting abnormal folding or fl attening of 
the helices), position (ears are described as low set if the top of the ear is below a line drawn 
from the outer canthus to the occiput) and orientation (posterior rotation is present when 
the ear seems to be turned toward the rear of the head). Ears may be low set because they 
are small (or microtic) or because of a malformation of the mandibular region.

Finally, the examiner should evaluate the mandibular region, the area encompassing 
the lower portions of each ear and including the lower jaw. In most newborns, the chin 
is retruded (slightly set back behind the vertical line extending from the forehead to the 
philtrum). If the mandible itself is small, then it is described as micrognathic, whereas an 
unusually prominent mandible is described as prognathic. Signifi cant micrognathia is seen 
in the Pierre Robin malformation sequence.4

Remainder of the Body
Once facial dysmorphic features have been detected, the primary care physician must con-
duct a thorough examination looking for additional unusual fi ndings. Again, fi ndings may 
point to a specifi c diagnosis.
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NECK. Examination of the neck may reveal webbing, a feature common in Turner 
(Figure 25-6) and Noonan syndromes, or shortening, as is occasionally seen in some skeletal 
dysplasias and in conditions in which anomalies of the cervical spine occur, such as Klippel-
Feil syndrome. Th e position of the posterior hairline should also be evaluated, and the size 
of the thyroid gland should be assessed.6

TRUNK. Th e chest should be examined for shape (a shieldlike chest is found in 
Noonan and Turner syndromes) and symmetry (hypoplasia of the pectoralis major and 
minor muscles, leading to asymmetry, is a feature of the Poland malformation sequence). 
A pectus deformity of the chest (either pectus excavatum or pectus carinatum) is usually 
an isolated fi nding but is a cardinal feature of Marfan syndrome. Scoliosis, also usually 
an isolated feature, is often seen in individuals with Marfan syndrome, as well as in several 
other disorders.6

EXTREMITIES. Anomalies of the extremities are common in many congenital malforma-
tion syndromes. All joints should be examined for range of motion. Th e presence of single 
or multiple joint contractures suggests either intrinsic neuromuscular dysfunction, as in the 
case of some forms of muscular dystrophy, or external deforming forces that limited motion 
of the joint in utero. Radioulnar synostosis, an inability to pronate or supinate the elbow, 
occurs in fetal alcohol syndrome and in some X chromosome aneuploidy syndromes (such 
as 48, XXXX and 48, XXXY syndromes).6

Next, the hands should be examined. Polydactyly (the presence of extra digits) occurs 
in isolation as an autosomal dominant trait in up to 1% of all newborns, but can also be 
seen as part of a malformation syndrome such as trisomy 13. Oligodactyly (a defi ciency 
in the number of digits) is seen in Fanconi syndrome (growth restriction, aplastic anemia, 

Figure 25-6
Webbed neck, characteristic of Turner syndrome. (From Hoyme HE. Assessing dysmorphology in primary 
care. In: Saul RA, ed. Medical Genetics in Pediatric Practice. Elk Grove Village, IL: American Academy of 
Pediatrics; 2013:135–174. Courtesy of Lynne Bird, MD.) 
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development of leukemia or lymphoma and associated heart, renal and limb defects, includ-
ing radial aplasia and thumb malformation or aplasia), in which it is generally part of a more 
severe limb reduction defect, or secondary to intrauterine amputation that may occur with 
amniotic band disruption sequence (Figure 25-7). Syndactyly (a joining of 2 or more digits) 
is also common to several syndromes, including Smith-Lemli-Opitz syndrome.6

Dermatoglyphics, especially the palmar crease pattern, are also important to note. 
A transverse palmar crease (Figure 25-8), indicative of hypotonia during early fetal life, 

Figure 25-7
Amniotic bands. (From Hoyme HE. Assessing dysmorphology in primary care. In: Saul RA, ed. Medical 
Genetics in Pediatric Practice. Elk Grove Village, IL: American Academy of Pediatrics; 2013:135–174.)

Figure 25-8
Single palmar crease. (From Hoyme HE. Assessing dysmorphology in primary care. In: Saul RA, ed. Medical 
Genetics in Pediatric Practice. Elk Grove Village, IL: American Academy of Pediatrics; 2013:135–174. Courtesy 
of Lynne Bird, MD.) 
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is seen in approximately 50% of children with Down syndrome (and 10% of individu-
als in the general population). A characteristic palmar crease pattern is also seen in fetal 
alcohol syndrome.6

GENITALIA. Genitalia should be examined for abnormalities in structure. In male 
infants, if the penis seems short, then it should be measured and plotted on an appropriate 
growth chart. Ambiguous genitalia can be associated with endocrinologic disorders such as 
congenital adrenal hyperplasia (female infants have masculinized external genitalia, but male 
genitalis may be unaff ected), chromosomal disorders such as Turner syndrome mosaicism, or 
part of a multiple malformation disorder such as Smith-Lemli-Opitz syndrome. Although 
hypospadias, which occurs in 1 in 300 male newborns, is a common congenital malforma-
tion that often occurs as an isolated defect, if it is associated with other anomalies, then the 
possibility of a syndrome is strong.6 

Laboratory Evaluation
Following completion of the medical history, family history, and physical examination, the 
dysmorphologist takes the clues that have been gathered and attempts to solve the puzzle 
by assembling them into a diagnosis. Th e diff erential diagnosis is made up of conditions 
that feature some or all of the clues. Once this list has been assembled, a series of laboratory 
and imaging tests can be performed in an attempt to arrive at a defi nitive diagnosis. Typical 
tests used by the dysmorphologist are outlined here.

Chromosomal microarray analysis (CMA), should be routinely ordered for children with
• Multiple congenital anomalies
• Th e involvement of 1 major organ system and 2 or more dysmorphic features
• Th e presence of intellectual disability
• Th e presence of an autism spectrum disorder

Chromosome analysis (karyotype) will identify conditions caused by too much chromo-
somal material (ie, trisomies) or those with too little chromosomal material (ie, monosomies). 
However, karyotype will only identify large abnormalities. Chromosomal microarray uses 
DNA technology to identify smaller partial trisomies or monosomies than can be seen by 
karyotype, making it about 4 to 5 times more sensitive. Th is technique compares the amount 
of DNA from the patient to that of a control, looking for changes in the number of DNA 
copies. It is able to look for copy number changes throughout the genome. CMA will not 
identify balanced rearrangments such as translocations or inversions, so if this is suspected, 
karyotype should be ordered.

Fluorescent in situ hybridization (FISH) uses DNA technology to identify specifi c regions 
of the genome that are either missing or duplicated. FISH uses a DNA probe that is comple-
mentary to a specifi c region of the genome. After a fl uorescent marker is attached to this 
probe, it is incubated with chromosomal DNA from the patient. If the sequence is present 
in the patient, then the probe will hybridize, its presence announced by the appearance of 
the bound fl uorescent marker.

A FISH study is requested when a syndrome with a known chromosomal defect is 
suspected. Such disorders as velocardiofacial syndrome (deletion of 22q11.2), Prader-Willi 
syndrome (deletion of 15q11.2), Angelman syndrome (deletion of 15q11.2), and Beckwith-
Wiedemann syndrome (duplication of 11p15.2) are included in this group. It may also be 
used to confi rm fi ndings of a CMA.
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In a growing number of disorders, direct DNA analysis can be performed to identify 
specifi c mutations known to cause disease. Because the list of these disorders increases every 
day, using Web-based resources for the most recent information is necessary. An extremely 
helpful Web site is www.genetests.org. Frequently updated, Genetests provides information 
about the availability of testing for specifi c conditions and identifi es laboratories performing 
the testing. Newer technologies, termed next-generation sequencing, are emerging that per-
form DNA analysis of multiple genes in a single test. Th ese emerging techniques, including 
whole exome sequencing and whole genome sequencing, will allow for better diagnosis of 
disorders caused by multiple genes, and the identifi cation of genes for disease in which the 
cause remains elusive.

Radiologic imaging plays an important role in the evaluation of children with dysmor-
phic features. Individuals found to have multiple external malformations should have a 
thorough evaluation to search for the presence of internal malformations. Testing might 
include ultrasound evaluations of the head and abdomen, the latter area to look for anoma-
lies in the kidney, bladder, liver, and spleen. Skeletal radiographs should be taken if concern 
exists about a possible skeletal dysplasia. Th e presence of a heart murmur should trigger a 
cardiology consultation, and an electrocardiogram and echocardiogram may be indicated. 
Magnetic resonance imaging may be indicated in children with neurologic abnormalities 
or spinal defects. Th e presence of craniosynostosis indicates the need for a 3-dimensionally 
reconstructed computed tomographic scan of the head.

 DIAGNOSIS
Although the presence of characteristic fi ndings may sometimes make the defi nitive diagno-
sis of a malformation syndrome simple, in most cases no specifi c diagnosis is immediately 
evident. Some constellations of fi ndings are rare, and fi nding a match may prove diffi  cult. 
In many cases, all laboratory tests are normal, and confi rmation relies on subjective fi ndings. 
Clinical geneticists have attempted to resolve this diffi  culty by developing scoring systems, 
cross-referenced tables of anomalies that help in developing a diff erential diagnosis, and even 
computerized diagnostic programs.

An accurate diagnosis is important for 3 reasons as follows:
1. It off ers the family an explanation of why their child was born with congenital anoma-

lies. Th is information may help allay feelings of guilt, given that parents often believe 
that they are responsible for their child’s problem.

2. Th e natural history of many disorders is well described; as such, a diagnosis allows the
physician to anticipate medical problems associated with a particular syndrome and 
to perform appropriate screening. A diagnosis may also provide reassurance that other 
medical problems are no more likely to occur than they might with other children who 
do not have the diagnosis.

3. It permits accurate recurrence risk for future progeny; only after a diagnosis is confi rmed
can genetic counseling and, eventually, preimplantation genetic diagnosis or prenatal 
diagnostic testing be performed.
Once a defi nitive diagnosis has been made, the dysmorphologist must meet with the fam-

ily in person to explain the condition and the prognosis. Such meetings are often diffi  cult, 
since this is the moment that the news is fi rst delivered to the parents and the full eff ect 
of the child’s condition is realized. A suffi  cient amount of time should be allotted for this 

http://www.genetests.org
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meeting because families may have many questions, and each question should be answered 
in a thoughtful and considerate way. It is also often helpful to include social support profes-
sionals as participants in these meetings; genetic counselors, social workers and psychologists 
can help the family accept the news and begin moving on with the next phase of their lives.

Th e diagnosis also enables the physician to provide the family with educational 
materials about their child’s condition. Additionally, many condition-specifi c support 
groups exist and the physician can provide the family with information about such 
groups in their area. Th ese groups off er social and emotional assistance for the family of 
a child with a newly diagnosed genetic disorder. Th e Internet has become an important 
source for parents seeking information about their child’s condition, but care should be 
exercised because information on the Internet is not always subject to editorial control, 
and some of the information may be inaccurate, or at times misleading or inappropriate. 
Physicians should try to screen Web sites before they suggest them to the family. Some 
recommendations of Web sites can be found in the Tools for Practice section at the end 
of this chapter.

 SUMMARY
Th e physician confronted with a patient who has dysmorphic facial features must decide 
whether the patient or family will benefi t from a thorough evaluation or referral. Th e most 
important task initially is to determine whether the features are consistent with the indi-
vidual’s genetic background or whether they represent an abnormal phenotype. Th rough 
systematic gathering of information, the physician should attempt to establish an etiologic 
diagnosis and then convey the implications (including genetic counseling) to the appropri-
ate family members.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Congenital Abnormalities (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/developmental-disabilities/Pages/
Congenital-Abnormalities.aspx)

Medical Decision Support
• Genetests (Web site), (www.genetests.org)
• Genetic Alliance (Web site), (www.geneticalliance.org/ws_display.asp?fi lter=home)
• Management of Genetic Syndromes, 3rd ed (book), John Wiley & Sons
• March of Dimes (Web site), (www.marchofdimes.com)
• National Organization for Rare Diseases (Web site), (www.rarediseases.org)
• Online Mendelian Inheritance in Man (Web site), National Center for Biotechnology 

Information (www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM)
• Smith’s Recognizable Patterns of Human Malformations, 6th ed (book), Elsevier
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Chapter 26

Failure to Thrive: Pediatric 
Undernutrition

Andrew D. Racine, MD, PhD

Th e unfortunate term failure to thrive has burdened generations of physicians and their 
patients as an unenlightening phrase that combines a heterogeneous group of infants and 
young children with nothing more in common than a growth pattern irreconcilable with 
a predetermined standard for age. Abnormalities ranging from congestive heart failure to 
psychosocial deprivation can eventually lead to the same place, called failure to thrive. To 
fi nd a child in such a location, however, tells us little about the direction from which he or 
she strayed to come to our attention. Moreover, the term failure to thrive is as pejorative as 
it is devoid of content; thus, recent scholarship has favored phrases such as pediatric under-
nutrition, as used in the Bright Futures in Practice literature,1 or weight faltering, as adopted 
by our British colleagues.2

Given the diversity of potential causes, evaluation and management of a child who fails 
to gain weight adequately represent a formidable challenge that requires of the physician:
• A determination to listen attentively and examine thoroughly, given that no adequate 

substitute has yet been found for a complete history and physical examination
• A broad familiarity with the many pathophysiologic sequences that can give rise to this 

condition
• An understanding of healthy infant behavior and development to identify aberrancies 

that may threaten weight gain at diff erent ages
• A capacity to gather and synthesize information about the physical, psychological, 

emotional, familial, and social contexts of the patient’s presentation
• A willingness to work with a team of other medical professionals to evaluate and manage 

the child
• Th e patience to persevere for as long as required to establish adequate weight gain

 DEFINITION
A diagnosis generally signals the culmination of a process of evaluation. By contrast, the 
diagnosis of failure to thrive merely serves to initiate the evaluation of a patient who has 
an abnormal pattern of weight gain. Deviation from normal weight gain has been defi ned 
conventionally by reference to age-adjusted nationally standardized norms of weight and 
rate of weight gain.3 Infants or young children who either fall below a given weight-for-age 
or weight-for-height percentile, or whose rate of weight gain has declined across 2 major 
percentiles (ie, 90th, 75th, 50th, 25th, 10th, or 5th) invite close scrutiny. Th e Social Security 
Administration, for example, defi nes failure to thrive as a fall in weight to below the third 
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percentile or to less than 75% of the median weight-for-height or weight-for-age percentile 
in children younger than 2 years.4

Static measurements of a child’s weight-for-age or weight-for-height percentile that docu-
ment a child’s size should be distinguished from repeated measurements over time that record 
a child’s growth. A deviation from the norm in size may or may not, depending on the clinical 
circumstances, indicate an abnormality of growth.

A clinical entity defi ned by reference to statistical norms merits some additional com-
ment. First, although an occasional child may have obvious signs of severe malnutrition 
at the initial examination, a single observation of weight in a child is generally insuffi  cient 
to make any diagnosis. Th e concern here, for the most part, is with children who exhibit 
abnormal patterns of weight gain over time.

Second, although the aim is to identify children whose weight or weight gain is abnor-
mal, some children will fall into the extreme tails of the standard distributions, be it 10%, 
5%, or 3%, of any cohort. Th e farther out on the curve we observe any individual child, 
however, the more likely the child is to be truly abnormal with respect to weight-for-age or 
weight-for-height percentile.

Th ird, the national reference charts for children’s anthropometric measurements are con-
structed by using serial cross-sections of children, not longitudinal observations of cohorts 
as they grow. Th erefore, the rate at which a child gains weight individually will diff er from 
tracks across collections of diff erent children at diff erent ages that appear on these charts. 
Over time, children’s weights generally regress toward the mean, with heavier infants gaining 
weight at slower rates than lighter infants. To account for this pattern, British researchers 
developed weight charts from a cohort of 3,418 full-term infants from Newcastle based on 
standard deviations of weight changes over time. Th ese charts have wider percentile channels 
at upper weights and narrower channels at lower weights.2

Finally, statistical descriptions must not be allowed to obscure the salient feature common 
to most children who fail to gain weight adequately: they suff er from malnutrition and are 
therefore at risk for its attendant consequences. When acute malnutrition results in decreased 
weight-for-age percentile, the condition is referred to as wasting. If caloric deprivation is 
prolonged, it will eventually aff ect the child’s linear growth, at which point the child is said 
to be stunted. Abnormalities in linear growth not accompanied by wasting (the child who 
has short stature alone) are not the subject of failure to thrive.

One common set of criteria defi nes failure to thrive in children younger than 2 years as5

• Weight consistently less than 80% of the median for age, or
• Weight on more than 1 occasion falling below the third percentile for age, or
• Weight that has fallen across 2 major percentiles on growth charts

Until 2006, the instruments most commonly used to track children’s height, weight, 
and head circumference were growth charts published by the National Center for Health 
Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC)6 based on 
data collected on children in the United States between the years 1963 and 1994. Th ese data 
refl ected the actual growth of infants and children from a fairly homogeneous population 
with respect to its racial composition and also depicted the weights of a population most of 
whose members were formula fed.

In response to these and other shortcomings, in 2006 an expert panel with representatives 
from the CDC, the National Institutes of Health, and the American Academy of Pediatrics 
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recommended adoption of the international growth charts for children 0 to 24 months of 
age released that year by the World Health Organization (WHO).7 Th e data used to compile 
these charts were collected between 1997 and 2003 from six sites around the world. Th ese 
charts are described as representing standards, meaning that they capture “ . . . the growth 
of healthy children in optimal conditions,” rather than the reference charts from the NCHS 
that they were designed to replace, which described “ . . . how certain children grew in 
a particular place and time.” The expert panel recommended continued use of the 
older NCHS charts for children 24 to 59 months, where discrepancies between the NCHS 
and WHO charts were felt to be negligible.

Common cutoff  values used to identify children in need of more intense scrutiny diff er 
between the NCHS charts and the WHO charts. Th e accepted value used with the NCHS 
charts is the 5th percentile, whereas the recommendation based on the WHO charts sug-
gests concentrating on infants who fall below the 2.3rd percentile. Th us, although the 
older NCHS reference charts could have been anticipated to identify as many as 10% of 
children seen in outpatient settings8 and 3% to 5% of hospital admissions, those fulfi lling 
equivalent criteria using the WHO cutoff s are likely to be less numerous.7,9 Children who 
exhibit weights from 61% to 75% of the median for age on the new charts are fewer still 
but require intensive outpatient monitoring. When a child’s weight falls below 60% of the 
median for age on the new charts, the associated morbidity is severe and warrants inpatient 
hospitalization.10 Children from lower socioeconomic backgrounds may be at heightened 
risk for malnutrition and consequent wasting.11

 HEALTHY WEIGHT GAIN IN INFANTS
Both the NCHS and the WHO growth charts have received widespread application as 
tools for plotting the growth patterns of healthy infants and children. Th e ease of their use 
makes them ideal screening instruments, but, as with all screening tools, their sensitivity 
and specifi city are limited. Th ey do not, for example, take into account parental size or 
the presence of preexisting chromosomal abnormalities, leading some researchers to argue 
for the use of standards that control for mean parental height or the presence of certain 
genetic conditions such as trisomy 21. Th e Bright Futures publication on nutrition provides 
references for growth charts based on specifi c disorders.1

Recent studies examined the rate at which infants gain weight12 and how regression to 
the mean refl ects the tendency of some heavier infants to gain weight more slowly and some 
lighter infants to gain weight more quickly over time.2 Th e mean weight of a newborn is 
approximately 3.25 kg (±0.9 kg.). Many infants lose between 6% and 10% of this weight 
in the fi rst week as they undergo the normal diuresis associated with adaptation to the 
extrauterine environment. Birth weight usually is regained by the age of 10 days. Because 
a newborn’s weight at birth predominantly refl ects the infl uence of maternal characteristics 
and the intrauterine environment, it is an imperfect refl ection of genetic growth potential. 
By 4 to 8 weeks of age, however, much catch-up growth in babies born “light for dates” has 
already occurred; thus, an infant’s weight at this time seems to be a more reliable predictor 
than birth weight or weight at 12 months.13 In general, infants can be expected to gain a 
mean of 30 g (±15 g) a day during the fi rst 3 months of life. Infants will usually triple their 
birth weight by 1 year of age, at which time the mean daily weight gain has declined to 
approximately 10 g (±3 g). Characteristics of maternal and child feeding behaviors may have 



Signs and Symptoms in Pediatrics304

important infl uence on the rate of weight gain in the fi rst year of life among subpopulations 
of infants with feeding diffi  culties.14

 PATHOGENESIS
Infants and children grow in the presence of adequate amounts of 4 fundamental 
constituents: oxygen, substrate, hormones, and love. Defi ciency of any one or a com-
bination of these impedes normal weight gain. Oxygen deprivation at the tissue level 
from causes as diverse as congestive heart failure, chronic lung disease, or anemia will 
result in poor weight gain. Inadequate calories, protein, or micronutrients either from 
environmental deprivation, malabsorption, or inability to metabolize them at the tis-
sue level also inhibit normal weight gain. Defi ciencies in growth hormone, insulin-like 
growth factors, glucocorticoids, thyroid hormone, and other regulators of growth can 
result in failure to thrive. Finally, infants or children severely deprived of aff ection will 
often not grow despite what appears to be normal caloric intake.15 Chronic disease from 
many causes will interrupt normal weight gain through the induction of anorexia, mal-
absorption, increased metabolic needs, and the elaboration of infl ammatory mediators, 
including tumor necrosis factor. Children with chromosomal or other genetic abnormali-
ties, although they may exhibit idiosyncratic growth patterns specifi c to their particular 
condition, will also attain their full growth potential only in the presence of these critical 
ingredients.

In the past, patients with inadequate weight gain were classifi ed as a minority whose 
diffi  culty stemmed from a readily identifi able organic cause, and a majority whose problem 
was categorized as nonorganic.5 Other researchers emphasized the overlapping nature of these 
distinctions and have suggested a third, or mixed, category of failure to thrive.16 More recent 
approaches have tended to depart from the organic–nonorganic dichotomy in recognition 
of the somewhat arbitrary nature of this distinction.

A more useful categorization of infants and children who have inadequate weight 
gain acknowledges an imbalance between the energy needs of the organism that does 
not grow and the energy at its disposition. Th e largest share of energy consumed, about 
55% to 60%, is devoted to maintaining a basal metabolic rate. An additional 5% to 
10% of energy is lost in urine and stool, 5% is accounted for by specifi c dynamic action, 
15% is used for normal physical activity above basal metabolic functions, and 15% is 
directed toward growth. To provide for all these functions, infants need approximately 
100 to 110 kcal/kg/day.

An imbalance between energy needs and energy supplies can arise either from increases 
in the former or defi ciencies in the latter. Box 26-1 lists conditions that increase the energy 
needs of the organism. Energy needs increase either with increases in the intensity of 
energy expenditure or decreases in the effi  ciency of energy use. Conditions that increase the 
intensity of energy expenditure include chronic heart disease, chronic lung disease, chronic 
anemia, chronic infection, certain endocrine abnormalities, malignancy, and intoxications. 
Th e effi  ciency of energy utilization can be compromised by chronic infection, chronic 
renal disease, hepatic insuffi  ciency, inborn errors of metabolism, hormonal abnormalities, 
certain genetic syndromes, and defi ciencies of various micronutrients, including iron, zinc, 
and carnitine.
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BOX 26-1

Conditions Th at Increase Energy Needs
INCREASED INTENSITY OF ENERGY 
UTILIZATION

• Chronic heart disease (congenital or acquired)
• Chronic lung disease (bronchopulmonary 

dysplasia, cystic fi brosis, pulmonary 
lymphangiectasis)

• Chronic anemia (hemoglobinopathies, en-
zyme defi ciencies, membrane abnormalities)

• Chronic infection (urinary tract infections, 
respiratory infections, tuberculosis)

• Endocrine abnormalities (hyperthyroidism)
• Malignancy (neuroblastoma, ganglioneuroma)

DRUGS OR TOXINS OR DECREASED 
EFFICIENCY OF ENERGY UTILIZATION

• Chronic infection
• Chronic renal disease

• Hepatic insuffi  ciency (cirrhosis)
• Metabolic disease (disorders of amino acid 

or carbohydrate metabolism, idiopathic 
hypercalcemia of infancy)

• Hormonal disturbances (hypopituitarism, 
hypoparathyroidism, chronic adrenocorti-
cal insuffi  ciency, diabetes insipidus, hypo-
thyroidism)

• Genetic conditions (Down syndrome, 
de Lange syndrome, cri du chat syndrome, 
Smith-Lemli-Opitz syndrome, familial 
dysautonomia)

• Micronutrient defi ciencies (iron, zinc, 
carnitine)

Conditions leading to defi ciency in energy supply are listed in Box 26-2. Th ese condi-
tions originate because calories are either withheld from or improperly presented to the child 
because they are refused, vomited, not ingested, or not absorbed.

In the category of caloric deprivation, nutritional deprivation in utero that may result in 
permanent growth restriction must be included. After delivery, a newborn may not receive suf-
fi cient calories because of parenting diffi  culties ranging from unfamiliarity with proper prepara-
tion of infant formula17 or appropriate breastfeeding techniques, to psychosocial dysfunction, to 
maternal depression, and even to frank abuse or neglect.18 Other conditions that fall into this 
category include economic deprivation, unsound parental beliefs regarding nutrition,19 and subtle 
central nervous system abnormalities in the child causing him or her to be a diffi  cult feeder.

Food refusal in children, beginning even in infancy,20 can result from many causes, 
including pain (from refl ux esophagitis), psychosocial adjustment disorders from emotional 
deprivation, anorexia from chronic infection or intoxication, and structural abnormalities 
resulting in dysphagia. Structural malformations of the nose or oropharynx, such as cleft 
palate, choanal atresia, or Treacher Collins syndrome, can lead to an inability to ingest 
nutrients properly, as can muscular weakness, cerebral palsy or other central nervous system 
abnormalities, and diseases that give rise to excessive dyspnea.

Vomiting caused by structural abnormalities of the gastrointestinal tract, increased intra-
cranial pressure from any source, chronic acidosis, rumination, and gastroesophageal refl ux 
may all impede growth through caloric deprivation.

Th e principal organ of nutrient absorption is the small bowel. Malabsorption can occur 
from gross structural abnormalities, infl ammatory conditions, infectious agents, or disorders 
of organs that elaborate enzymes essential for digestion.
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In consideration of these potential causes for inadequate weight gain, 2 cardinal principles 
should be emphasized. First, most cases encountered in ambulatory practice will result from 
inadequate caloric intake, with most of these originating in a disturbance in the parent–
child feeding behavior.21,22 At one time, maternal mental health disorders were thought to 
account for the majority of these cases. Th e particular issue of maternal depression as a risk 
factor for failure to gain weight in infancy has received wide attention in the literature.23 
Although case-control studies have indicated a possible association between these 2 con-
ditions,24 more defi nitive population-based cohort studies have failed to confi rm this 
fi nding.25,26 Recent analysis dissected a more subtle web of causation.27 Th e term transac-
tional model allows for the complex interplay of social conditions,28 family interactions,29 
and individual psychodynamics30 in creating feeding abnormalities. Th e salient feature that
distinguishes infants in this category who do not gain weight at the same rate as their peers 
is that they take in foods with less total energy.31

Second, a thorough history and physical examination is the surest route to diagnosis for 
the residual minority of cases not caused by caloric insuffi  ciency. If the cause of the prob-
lem is not made clear by history and physical examination, then laboratory investigation is 
unlikely to reveal it.9,32

 EVALUATION
Prompt evaluation of infants and children who do not gain weight as expected is important. 
Th e history and physical examination should be directed toward certain areas (see later 
discussion), and in cases in which psychosocial features predominate, most laboratory tests 
may be unnecessary.

BOX 26-2

Conditions Th at Result in Defi cient Energy Supply
• Calories withheld
• In utero conditions
• Formula preparation mistakes
• Breastfeeding diffi  culties
• Parent–child psychosocial dysfunction
• Maternal depression
• Intentional abuse or neglect
• Poverty
• Unsound parental beliefs regarding nutrition
• Feeding diffi  culties
• Calories not properly ingested or digested
• Oral pain caused by dental disease
• Anorexia (refl ux esophagitis, emotional 

deprivation, chronic infection, dysphagia)
• Structural abnormalities of the oropharynx 

or nasopharynx (cleft palate, choanal atre-
sia, Treacher Collins syndrome, Pierre 
Robin syndrome, laryngeal web)

• Structural abnormalities of the gastrointestinal 
tract (stenosis or atresia of the esophagus or 

duodenum, tracheoesophageal fi stula, vascular 
ring, strictures, achalasia, malrotation, antral 
web, pyloric stenosis)

• Neuromuscular disorders (cerebral palsy, 
hydrocephalus, myopathies)

• Conditions leading to excessive dyspnea 
(congestive heart failure, chronic lung 
disease)

• Vomiting and rumination
• Malabsorption
• Small bowel disease (celiac disease, infl am-

matory bowel disease, disaccharide malab-
sorption, intestinal lymphangiectasia, 
jejunal atresia, duplication cysts, chronic 
parasitic infections)

• Pancreatic disease (cystic fi brosis, Shwachman-
Diamond syndrome, chronic pancreatitis)

• Liver disease (cirrhosis, intrahepatic chole-
static syndromes, biliary atresia)
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 HISTORY
Initial Approach
Every evaluation of an infant or child who is not gaining weight must begin with a thorough 
history. Although the history and physical examination will usually be conducted in the 
offi  ce, a home visit aff ords the pediatrician an opportunity to observe the family interaction 
around feeding in the context in which it normally occurs. A history of the present illness 
should assemble all data available from previous anthropometric measurements of the patient, 
including weight, height, and head circumference. Premature infants should have their 
measurements corrected for gestational age until 18 months of age for head circumference, 
24 months of age for weight, and 40 months of age for height.33 Th e physician should begin 
by asking the principal caregivers how they think the baby is doing and what they believe is 
the problem. Knowledge of a parent’s frame of mind may propel further evaluation toward 
or away from diffi  culty in parent–child interaction, including child neglect, as a potential 
explanation for a child’s lack of weight gain.

Feeding
A thorough feeding history is essential. Is the baby bottle fed or breastfed? How often does 
the child breastfeed, and for how long? Does the mother feel as though the child is sucking 
well, and does the baby appear sated after he or she feeds? If bottle fed, how in detail is the 
formula prepared and by whom? What is the baby’s sleep pattern, and how many ounces 
will the baby take in a 24-hour period? Does the infant wet 6 to 8 diapers a day? Consider 
observing a feeding, which can be done while taking the history.

For older children, when were solids introduced? Does the parent fi nd the child 
to be a picky eater or difficult to interest in food? Does the child drink excessive 
amounts of juice during the day, substituting for more calorie-rich nutrients? What are 
meal times like at home? Where does the child eat, and with whom? Are distractions, 
such as television or video games, present during meals? Is food being used for disci-
pline or in battles over control? A 24-hour dietary recall of a typical day can often help 
quantify the caloric intake of the patient. If this information proves diffi  cult to elicit, 
then the parents can be sent home with a nutritional diary to fi ll out prospectively and 
bring in at the next visit.

Vomiting
Th e physician should inquire about any vomiting or spitting up, being sure to explore 
frequency, volume, and presence of blood or bile in the emesis. Gastric outlet obstructions 
(pyloric stenosis, antral web) often result in the generation of signifi cant propulsive forces 
leading to projectile vomiting, whereas gastroesophageal refl ux often results in less dramatic 
patterns of regurgitation. An obstruction distal to the ligament of Treitz will generally pro-
duce bilious vomiting, a symptom that must be taken with utmost seriousness in infancy 
because it may indicate the presence of a malrotation and midgut volvulus.

Stools
Th e pattern and frequency of stooling must not be overlooked in the history of present 
illness. Th e child who has liquid stools may have a small-bowel pathologic condition, and 
bulky, foul-smelling stools may result from fat malabsorption. If mucus or blood is in the 
stools, an infl ammatory condition may be present.
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Medical History
Additional information should be obtained as part of the medical history, beginning 
with the parents’ attitudes regarding their decision to have a baby and what their experience with 
the pregnancy was like. Did the mother gain a reasonable amount of weight? Did she experi-
ence any illnesses during her pregnancy? Hypertension or preeclampsia will result in an 
infant who is small for gestational age; gestational diabetes may produce an infant with 
macrosomia who fails to gain weight because of postnatal cardiac complications.

Th e physician should ask about specifi c toxic exposures in utero, particularly to tobacco, 
marijuana, and alcohol. Tobacco may result in a small baby who rapidly catches up in weight 
with her peers, whereas marijuana and alcohol exert an infl uence on growth that may be 
sustained throughout childhood.34 Recording the child’s gestational age at birth, any unusual 
complications of the labor and delivery, and the presence of malformations or other obvious 
deformities will complete this portion of the history.

Family History
A family history should document the growth patterns of siblings; record the 
occurrence of fetal loss or infant deaths; review the presence in the family of immune 
defi ciencies, neurologic disorders, or metabolic derangements; and highlight any unex-
plained growth defi ciencies in close relatives. Th ese fi ndings may provide clues to the cause 
of the growth abnormality in the child. Th e results of recent comprehensive longitudinal stud-
ies from England emphasize the extent to which mean parental height and parity overwhelm 
the infl uence of traditional markers of socioeconomic deprivation that includes parental 
education or occupational status on the weight gain of young infants.25

Social History
Th e social history should focus on the availability of social supports for the parents, the exis-
tence of economic or legal circumstances that threaten the stability of the family, the nature 
of the relationship between the parents, and the presence of aff ective disorders, particularly 
depression, in either the mother or father. Is there substance abuse in the home, either of 
alcohol or drugs? Any recent disruptive events in the family’s life should be explored to 
determine what eff ect they may have had on the parents’ ability to care for the patient. Has 
there been any involvement of the family with child protective services? Finally, at this point, 
the physician may uncover unrealistic expectations that parents harbor regarding feeding 
patterns, dietary fads, or behavior in infancy, all of which provide clues to why feeding this 
infant developed into such a challenge.

 PHYSICAL EXAMINATION
Repeated anthropometric measurements over time constitute the most important component 
of the physical evaluation of children who are not gaining weight. On the initial examination, 
the physician should begin with observing the child’s general relatedness to the parents and the 
examiner. Does the child appear listless, easily distractable, or irritable? Can he or she be engaged 
to make eye contact or to play with an age-appropriate toy? With the child completely undressed, 
a notation should be made of any evidence of wasting, of the presence and distribution of normal 
subcutaneous body fat, of muscle mass and tone, and of the presence of dysmorphic features. 
Th ese observations will serve to set the stage for more detailed examination.
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Particular attention should be paid to organ systems that may refl ect evidence of malnutri-
tion. Th e mucous membranes, hair, nails, and skin develop abnormalities in the presence of 
vitamin, protein, fat, and micronutrient defi ciencies. Th e head, eyes, ears, nose, and throat 
may reveal conditions ranging from open fontanelles of hypothyroidism or craniotabes of 
nutritional rickets to the blurred disk margins of increased intracranial pressure in a child 
who has chronic emesis or a submucosal cleft of the hard palate in an infant who feeds poorly. 
Examination of the mouth may reveal extensive dental disease or a dental abscess that can 
be causing severe pain on oral intake.

Th e thyroid should be palpated gently and then auscultated for evidence of hyperthy-
roidism. Examination of the heart and lungs, with observation, palpation, and particularly 
auscultation, may reveal wheezing, rales, or heart murmurs suggestive of chronic conditions, 
which often result in substantial energy expenditures that outstrip the supply of nutrients 
available to the infant. Examination of the digits for clubbing in the older child should not 
be neglected. A thorough abdominal examination will identify organomegaly associated with 
tumor, infection, or storage disease. Intestinal distention can be associated with carbohydrate 
malabsorption from various causes. Th e neurologic examination may suggest explanations 
for an infant’s inability to ingest adequate calories: disorders of mentation, cranial nerve 
abnormalities, generalized weakness, or spasticity should be carefully sought.

With infants who are not gaining weight, it can be very informative to observe a feeding. 
Does the parent make meaningful eye contact with the child and burp the baby appropri-
ately? If there is any question about the adequacy of the baby’s swallowing, an assessment by 
a speech therapist for the effi  ciency and safety of the swallow can be helpful.

 LABORATORY EVALUATION
In the absence of evidence from the history or physical examination indicating the need 
for specifi c laboratory testing, expectations of the yield of laboratory investigation should 
be modest. When charts of 185 patients who were hospitalized for failure to thrive at the 
Children’s Hospital of Buff alo were reviewed, only 1.4% of the laboratory studies performed 
were found to be of diagnostic value.32 A similar review of 122 infants who were hospitalized 
at the Boston Children’s Hospital revealed that a mean of 40 laboratory tests were ordered, 
but only 0.8% revealed an abnormality that contributed to a diagnosis.9

If the cause of a child’s failure to gain weight adequately remains uncertain after careful 
history and physical examination, then a limited number of screening studies might be 
considered, including a complete blood count, a blood pH, serum electrolytes, blood urea 
nitrogen and creatinine, a urinalysis and urine culture, and an examination of the stool for 
reducing substances, pH, occult blood, and ova and parasites.35 More extensive testing for 
malabsorption, endocrine disorders, occult infection, malignancy, and cardiac, pulmonary, 
or renal abnormalities should be done only when historical or physical examination evidence 
of these diagnoses is present.

 THERAPY AND FOLLOW-UP
Th e therapeutic approach to children failing to gain weight adequately must be tailored 
to the individual needs of the family and the child. For infants and children in whom a 
specifi c diagnosis was identifi ed, therapy should be directed toward the underlying disease 
or condition. A disturbance in the parent–child interaction will more often be recognized 
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as the cause of the patient’s inability to gain weight. Children exhibiting food avoidance 
behaviors may respond well to interventions that involve diff erential rewards aimed at extin-
guishing problematic interactions.36 Regardless of the underlying cause, the family should 
be approached nonjudgmentally, and the severity of the child’s condition should dictate the 
initial approach to therapy.

Mild to Moderate Undernutrition
Th e pediatrician, with consultation from a nutritionist, can manage infants and children 
exhibiting mild degrees of malnutrition (greater than 80% of ideal body weight for age) as 
outpatients, with occasional consultation from subspecialist colleagues. Patients who have 
evidence of more severe caloric deprivation will require the involvement of a multidisci-
plinary team, including the pediatrician, nutritionist, mental health or behavioral therapist, 
and social worker.37 Hospitalization may be necessary for a subset of these patients whose 
malnutrition is combined with or results from another signifi cant medical condition. Home 
visitation using professionals38 has been demonstrated to be a useful intervention in select 
circumstances. Others, however, have achieved less success in generating improved weight 
gain with this intervention despite its other notable benefi ts.39,40 Child protective services 
must be alerted about any child thought to be the victim of neglect.

Th e goals of management must focus on nutritional rehabilitation, parental education, 
and behavioral intervention. Attempts to overfeed malnourished infants at the outset of 
therapy should be avoided because initially they may exhibit some degree of anorexia, and 
refeeding that is too vigorous may induce malabsorption and diarrhea. Th e refeeding regi-
men should be calculated to provide about 10% to 15% of calories from protein, 50% to 
60% from carbohydrate, and 30% to 40% from fat.41

A typical 3-phase regimen42 may begin with provision of 100% of daily age-adjusted 
energy and protein requirements based on the child’s weight on day 1.

If this phase is well tolerated, in phase 2 intake is then increased to provide adequate 
nutrition to achieve catch-up growth. Multiplying the age-adjusted energy requirements 
(kcal/kg/day) by the ratio of the child’s ideal body weight for height divided by the child’s 
actual body weight at presentation will generate a reasonable estimate of the nutritional 
requirements for this stage. Th e same calculation can be made for protein requirements 
(Box 26-3). In most instances, the energy and protein requirements for these phases of 
infant refeeding can be accomplished with the use of a routine infant formula modifi ed 
to increase its caloric density. Mixing 13 oz of concentrated formula with 10 oz of water 
rather than 13 oz of water will create a formula that is 24 cal/oz, as will mixing 3 scoops of 
powdered formula with 5 ounces of water. Alternatively, the use of carbohydrate in the form 
of glucose polymers or fat in the form of medium-chain triglycerides will add calories while 
avoiding the complications of overhydration. For older children, the repertoire of caloric 
supplements will include a wide variety of solid foods as well.

In the third, or consolidation, phase of nutritional rehabilitation, a varied diet is off ered 
ad libitum as the child gradually approaches ideal body weight. Multivitamin and iron 
supplementation should be part of every refeeding regimen for undernourished children.

Initiation of nutritional rehabilitation is an ideal time to engage the parents in an educa-
tional program that focuses on family interactions, psychological vulnerabilities, and social 
needs.43 Emphasis should be placed on appropriate nutritional information, and concrete 
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suggestions should be off ered about how to structure mealtime at home to minimize dis-
tractions in a relaxed social environment that encourages good eating habits. For families in 
need, access to community resources such as the Special Supplemental Nutrition Program for 
Women, Infants, and Children (WIC) and the Supplemental Nutrition Assistance Program 
(SNAP, formerly food stamps) must be facilitated. Pediatricians should be prepared to advo-
cate vigorously for patients in need of supplemental nutrition or special infant formulas when 
families experience diffi  culties in obtaining these products.

Severe Undernutrition
Children who are less than 60% of ideal body weight for height should be hospitalized, as 
should any less severely undernourished child who fails to respond to appropriate outpatient 
management with adequate weight gain. Th ey should be cared for by a multidisciplinary 
team of nutritionists, social workers, pediatricians, and pediatric subspecialists, with atten-
tion to avoiding the refeeding syndrome with its attendant morbidity. Th e nutritional 
rehabilitation of these children will be more prolonged and may entail a period of tube 
feedings in addition to oral supplements. In cases in which the gastrointestinal tract is tem-
porarily inaccessible, parenteral feedings with central venous access may be necessary. Th e 
laboratory evaluation of these patients will also need to be more intensive, with appropriate 
surveillance of potential electrolyte disturbances that can accompany initial refeeding if it 
is pursued too aggressively.44

Follow-up
Once identifi ed, poor weight gain in infancy should be followed up assiduously. Initial weekly 
visits for infants may be necessary to reassure the parents and physician that the therapy 
undertaken is having the desired eff ects. Studies of hospitalized children demonstrate that 
those younger than 6 months, when provided with adequate calories, begin to gain weight in 
a few days.45 Older children may take longer than their younger counterparts before sustained 
weight gain is established. Ongoing developmental, behavioral, and social evaluations must 
be incorporated into any plan for follow-up. Abnormalities in these domains need to be 

BOX 26-3

 Sample Rehabilitation Schedule for Undernutrition
Scenario: A 6-month-old boy with poor weight 
gain is referred for nutritional rehabilitation. 
He currently weighs 5.5 kg and is 67 cm in 
length. Th e 50th percentile weight for this 

length is 7.7 kg, putting the infant at 71% of 
the ideal body weight for height.

Normal adjustment catch-up require-
ments include the following:

REQUIREMENT FACTOR REQUIREMENT

Calorie supplementation 100 kcal/kg/day × 7.7 / 5.5 = 140 kcal/kg/day

Protein supplementation 2 g/kg/day × 7.7 / 5.5 = 2.8 g/kg/day

Adding a multivitamin with iron to this child’s regimen would be advisable.
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monitored closely because they are frequently present in patients who gain weight poorly. 
Moreover, the lingering eff ects of calorie, protein, and micronutrient deprivation may show 
themselves in developmental and behavioral abnormalities,46 particularly in families in which 
the mothers exhibit aff ective disorders.47

 PROGNOSIS
Outcomes for children who have abnormal weight gain patterns in infancy and childhood 
should be predicted cautiously in view of the variety of conditions that may give rise to 
this clinical picture and the lack of high quality data on which reasonable predictions 
might be sustained. A systematic review of 13 long-term longitudinal studies of children 
with failure to thrive lamented these methodologic challenges but concluded that the 
growth and neurocognitive outcomes in these children probably do not diff er substantially 
from their unaff ected peers.48 A less sanguine view was taken by an extensive review of the 
literature conducted by the Agency for Healthcare Research and Quality, which concluded 
that children with failure to thrive in infancy are likely to suff er immunologic, behavioral, 
cognitive, and psychomotor developmental defi cits that persist despite interventions.4 
Such disparate fi ndings suggest that most children in the mild category will experience 
brisk nutritional rehabilitation and, with adequate follow-up, will do quite well. More 
severely aff ected children, depending on the cause of their condition, may require more 
prolonged or repetitive interventions and may be left with residual cognitive, behavioral, 
and educational consequences of their malnutrition. Th ere is some evidence that intense 
interventions, including weekly home visitation programs, can, at least in controlled 
circumstances, attenuate the anthropometric defi ciencies that might otherwise result 
from signifi cant undernutrition in infancy.49 In light of these fi ndings, all children who 
exhibit faltering weight gain during infancy and childhood absolutely must receive early 
comprehensive evaluation and prompt treatment.

When to Refer

• Diagnosis is made of a chronic disease pertaining to a subspecialty such as cardiology, 
pulmonary medicine, nephrology, gastroenterology, or endocrinology

• Psychosocial family dynamic indicates a need for psychiatric intervention for either or 
both parents

• Nutritional rehabilitation warrants the attention of a nutritionist
• Provider is concerned about intentional starvation or neglect, a referral to Child Protec-

tive Services must be made

When to Admit

• Any child with a weight less than 60% of ideal body weight
• Any child who, despite appropriate outpatient management, continues to fail to gain 

weight at an acceptable rate
• Any child who presents with signs of marasmus or severe protein malnutrition 

(kwashiorkor)
• Any child for whom the provider believes a period of close, continuous monitoring 

would be helpful
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Childhood Nutrition (fact sheet), American Academy of Pediatrics (www.healthychildren.

org/English/healthy-living/nutrition/Pages/Childhood-Nutrition.aspx)
• Making Sure Your Child Is Eating Enough (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/healthy-living/nutrition/Pages/Making-Sure-Your-
Child-is-Eating-Enough.aspx)

Medical Decision Support
• Growth Charts–Girls (chart), American Academy of Pediatrics (shop.aap.org)
• Growth Charts–Boys (chart), American Academy of Pediatrics (shop.aap.org)
• Growth Charts–Interactive Tutorials (Web site), Centers for Disease Control and 

Prevention (www.cdc.gov/growthcharts)

AAP POLICY STATEMENT

Block RW, Krebs NF; American Academy of Pediatrics Committee on Child Abuse and Neglect and 
Committee on Nutrition. Failure to thrive as a manifestation of child neglect. Pediatrics. 2005;116:1234–1237. 
Reaffi  rmed May 2009 (pediatrics.aappublications.org/content/116/5/1234/full)
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Chapter 27

Family Dysfunction
Mary Iftner Dobbins, MD; Sandra Vicari, PhD, LCPC

 INTRODUCTION
Th eories of child development have long recognized that children in modern Western 
cultures require approximately 2 decades of life to achieve the self-suffi  ciency necessary 
for separation from their families. Because of this relatively prolonged dependency and because 
adverse childhood experiences negatively aff ect the developing brain and long-term health out-
comes,1–4 the functioning of the family is of utmost importance for optimal development and 
well-being of the child.

Complex sociocultural changes continue to redefi ne the family, with fewer “tradi-
tional” households that historically have consisted of 2 married biologic parents located 
near extended family members for support.5,6 Single, divorced, remarried, same-gender, 
foster, and adoptive parents are commonplace. Children may also experience multiple, 
changing parental fi gures if grandparents assume their care or if biologic parents move 
on to new partners. Many children have half-, step-, or foster siblings. Particularly in 
times of economic hardship, families may move in together or experience frequent changes 
in composition.

In the case of separation or divorce, children often live between 2 diff erent households. 
Children may also be separated from a caregiver for prolonged periods because of parental 
employment, illness, or incarceration. Th e mobility of Western society has resulted in the 
geographic isolation of many nuclear families from extended family support. Oftentimes, 
nonrelatives assume the roles of extended family members.

Many children have a family that changes dramatically over time. As a result, family may 
be defi ned less by composition and more by functional relationships. In fact, the American 
Academy of Family Physicians (AAFP) states, “Th e family is a group of individuals with a 
continuing legal, genetic and/or emotional relationship.”7 Th e AAFP additionally asserts, 
“Society relies on the family group to provide for the economic and protective needs of indi-
viduals, especially children and the elderly.” When children are involved, the most important 
function of the family is to provide a safe and caring environment in which the child can 
grow and develop into a healthy adult.

 FAMILY CHARACTERISTICS
Families function in complex and multifaceted ways, with family members tending to assume 
various roles that interplay.8 Changes in the functioning of an individual member aff ect the 
family unit, and changes in the family unit aff ect the individual members and their interactive 
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roles. As a result, a variety of internal and external factors may infl uence the functioning of 
a family, and some families are more adaptable and resilient than others.

Healthy families have well-defi ned roles (ie, parent or child). Members freely ask for 
and provide attention, but boundaries are respected. Rules tend to be explicit and remain 
consistent, but with some fl exibility to adapt to the individual. Communication is encour-
aged, and emotional expression is accepted. Security in relationships allows individuals to 
explore their own interests, and individuation is encouraged. As individual members grow 
and develop, the family as a unit adapts, also experiencing ongoing intrinsic growth and 
development over time, which is a sign of health.

All families experience misunderstandings, confl icts, and stressors at some time. 
Stressors may be internal (eg, illness, change in composition) or external (eg, fi nancial 
insecurity, relocation). Healthy families cope with diffi  culties and maintain a sense of 
connectedness, which fosters a sense of security, self-worth, and competence in their 
children.

 PARENT CHARACTERISTICS
For the child, the most critical characteristic of a healthy family is an adult who functions as 
caregiver. In fact, the most important contributory factor regarding children’s resilience is the 
presence in their lives of at least 1 consistent, caring adult.9,10 Th is adult not only addresses 
safety and basic needs, but also shares an emotional connection with the child, conveying 
the sense that she has intrinsic value and is loved.

When 2 (or more) caregivers are involved, the relationship between them is exceptionally 
important. A supportive and fl exible partnership fosters good parenting. Even those with 
very diff erent backgrounds, knowledge, and attitudes can provide a consistent and united 
approach without undermining each other.

Specifi c parental practices do not have to be perfect. Although some are more intuitive 
than others, people with a variety of abilities, personal backgrounds, and personality types can 
be good parents. However, there are certain characteristics of maturity that are necessary for 
optimal caregiving—the ability to care for oneself, a sense of self-worth, the ability to emo-
tionally connect with another person, a sense of responsibility, and a degree of selfl essness.8 
Healthy parents do not desire a child to fi x something in their own lives or relationships.

Parenting styles depend on many factors, including the parent’s emotional health, experi-
ence in their own family of origin, and experience in the parental role, as well as the infl uence 
of or compromise with other adults assuming a co-parenting role, culture, and socioeconomic 
factors. Some traits are more enduring, but parenting styles may be dynamic because of these 
changeable infl uences.11,12 Th e needs and temperament of a particular child may also result 
in variations in parenting. Conversely, children may vary in their response to parenting styles 
because of their developmental stage, temperament, and degree of resilience.

A parent who can maintain a healthy caregiver role helps the child develop a sense of 
self-worth and competence, learn to maintain appropriate interpersonal relationships, and 
plan for her independent future.

Effects of Parenting Styles
Certain parenting styles are characteristic of healthy families. A caring yet authoritative parent 
will be attentive to the child and responsive to his needs, yet set consistent and develop-
mentally appropriate expectations. Emphasis is placed on the parent-child relationship and 
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communication, and discipline is provided in a constructive fashion that fosters the child’s 
learning and self-control. Growing up in a context of guided yet growing autonomy, these 
children demonstrate more academic mastery, social and moral maturity, self-regulation, 
and sense of self-worth as they reach adulthood.9

Conversely, some parenting styles may have less favorable outcomes. Authoritarian par-
ents satisfy their own need for control by granting little autonomy while also remaining less 
interpersonally involved with the child. Expectations for behavior give poor consideration 
to the needs or developmental abilities of the child, who learns over time that approval and 
aff ection may be conditional and unpredictable. Consequently, these children typically 
have poor self-esteem, are withdrawn and anxious, lack in resourcefulness, and are easily 
frustrated.9 Th ey reach adulthood with much less mastery, and often exhibit dependent or 
aggressive behaviors as adults. Not only are these children at high risk for maltreatment, 
but they are also at high risk for perpetuating the cycle of maltreatment when they have 
children of their own.13–15

Alternatively, parents may relinquish their authoritative parental role if they are distracted 
by their own needs or insecure in their parent-child relationship. Th e resultant permissiveness, 
whether arising through inattentiveness or overindulgence, grants the child developmentally 
inappropriate autonomy, adversely aff ecting their ability to delay gratifi cation and work to 
meet their own needs. Th ese children enter adulthood with less academic and interpersonal 
mastery, resulting in less self-control and more demanding and disruptive social behavior.9

Parents may also be relatively uninvolved, either from their own emotional detachment 
or from being overwhelmed by the stressors of their own lives. In the extreme form, this 
may present as true neglect, and the child may have developmental delays in a variety of 
areas, including interpersonal attachment. Growing up with little support or discipline, these 
children often reach adulthood with little emotional, academic, or interpersonal mastery, 
demonstrating poor self-esteem and antisocial behaviors.9

 FAMILY DYSFUNCTION
Diffi  cult life circumstances may stress family functioning. If these circumstances are short-
lived or less severe, healthier families adjust and persevere in their developmental tasks. When 
families become overwhelmed, composition is unstable, individual members are emotionally 
unhealthy, roles and boundaries are blurred, or communication is impaired, families may 
function in variations of chronically maladaptive patterns. When a parent fi gure fails to 
maintain a healthy parent role, the child’s emotional health and development suff er, with 
potentially lifelong consequences.

Dysfunction can be subtle or severe. However, consequences of these problems aff ect 
almost all aspects of a child’s life, including relationships, emotions, behavior, learning, the 
acquisition of coping skills, and psychological development.1–4,16 Instead of developing a sense 
of self-worth and competence, the child incorporates self-doubt and insecurity. Th e child 
has diffi  culty developing trust and the balanced give-and-take of healthy relationships.17,18 
In severe cases, chronic disappointment and frustration lead to hopelessness and limited 
expectations for the future.19

 PATTERNS OF DYSFUNCTION
Parental dysfunction typically exists in certain core areas. Th e parent who lacks the desire or 
ability to emotionally connect with and appreciate the child causes the child to feel devalued 
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and unlovable, undermining the development of healthy attachment. Th e insecure parent 
may be overcontrolling in an eff ort to demonstrate his or her authority, be permissive in 
an attempt to ensure the child’s love, prioritize a partner over caring for the child, or use 
the child to meet her own needs. Th e parent who cannot consistently care for him/herself 
cannot consistently care for the child, resulting in the child’s feeling insecure and frustrated. 
In severe cases, the roles may become reversed, with the child becoming parentifi ed. Th ese 
characteristics may manifest themselves in many circumstances, but are especially predict-
able in certain patterns.8,9

Uninvolved Parent
Th e uninvolved or “inaccessible” parent may be preoccupied with his career, relationships, 
or community status. As our culture continues to change, even very committed parents 
may fall into routines that allow less time for their children. Th ey may become caregivers 
for their own parents or seek new educational or employment opportunities. Families may 
easily become overscheduled, being “together” disproportionately in a social context rather 
than as a family unit. In addition, technology frequently replaces, rather than enhances, true 
interpersonal interaction and communication.

Over-involved Parent
Conversely, parents may become over-involved for multiple reasons. Commonly, parents 
attempt to relive their own youth through their children’s activities and status, and may 
allow little individuation or have unhealthy expectations. Additionally, societal factors have 
resulted in an extreme focus on achievement, and many children grow up in a culture of 
extreme competition. Even the possibility of failure may be perceived as an unbearable threat 
to self-worth, despite the fact that optimal development depends on the child’s learning by 
trial and error. Less secure parents may become overprotective and try to lessen either the 
risks or the consequences for their children. As a result, the child tends to become less self-
reliant, have unrealistically entitled expectations for life independent of the family, blame 
others rather than learn personal responsibility, paradoxically develop a decreased sense of 
competency, and consider self-worth to be conditional rather than intrinsic.8,9

Divided Loyalties
When power struggles exist in the family, the child may be put in the middle of the confl ict. 
Th is is especially true in cases of divorce, in which the parents or extended family members 
may harbor a great deal of unresolved hurt and animosity. Th e child, now especially vulner-
able and insecure as the family restructures, may be considered a trophy, used as a conduit 
of information, or forced to choose sides. Children tend to blame themselves for the parents’ 
divorce, and often learn to consider love and relationships as conditional. Frequently, they 
live with unresolved grief. If parents cannot model appropriate confl ict resolution, children 
often become bullies or victims of bullying.8,9

Blurred Roles or Boundaries
If a parent becomes vulnerable (ie, from illness, addiction, fi nancial insecurity, loss of a 
relationship, or interpersonal violence), the child also becomes vulnerable. Not only has 
the child lost a degree of support, but the child often takes on a degree of worry about the 
parent. If stigma is associated with parental impairment (ie, addiction or mental illness), 
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the child may receive little information or guidance to deal with their confusion, fear, and 
shame over the parent’s circumstances. Many children are unable to develop close relation-
ships because of feelings of loneliness and helplessness.8,9,20,21

Blurred parent-child roles or boundaries may occur in a variety of circumstances. When a 
parent is signifi cantly impaired or when a child loses a parent through death or divorce, the 
child may become parentifi ed, taking on tasks, concerns, and family roles more appropriately 
associated with an adult caregiver. Th is typically results in a tremendous amount of stress 
and can interfere with his or her developmental tasks.8

 PRESENTATIONS IN THE PRIMARY CARE SETTING
Physicians caring for children should be mindful of family functioning as it aff ects the well-
being of the children both physically and emotionally. Th is is especially true in the setting of 
the medical home, where a physician with an ongoing relationship with the child and family 
coordinates continuity of care. Th e American Academy of Pediatrics (AAP) Task Force on 
Mental Health has recommended that children’s health supervision visits routinely include 
psychosocial screening of the family, as well as the child.22–25 However, any encounter provides 
an opportunity for assessment and intervention as indicated.

Family dysfunction may present in a wide variety of ways in the primary care setting. Th e 
appropriateness of physical care is typically more obvious, as the physician assesses safety, 
growth and development, general health, and medical care. Th e family who has trouble 
keeping appointments or completing treatment may be showing signs that the parent is 
overwhelmed or that there are other barriers to care.26

Th e child in a struggling family often develops signs of stress, which may manifest 
physically (eg, frequent somatic complaints) or emotionally (eg, mood or behavior changes). 
Changes in sleep, appetite, energy, motivation, self-care, school achievement, recreational 
pursuits, or social interactions are cause for some degree of further exploration. Often, parents 
are unaware of the child’s internal distress until external behavior problems (eg, irritability, 
aggression, school failure, drug use, self-injury) arise.27,28

When family disturbance is severe, maltreatment may occur. Pediatricians and other 
physicians receive formal training in the detection of child abuse and neglect, and are uniformly 
considered to be mandated reporters for child welfare agencies. However, families 
(including the victim) often conceal abuse or neglect, necessitating a high index of 
suspicion. Chronic maltreatment, especially sexual abuse, may only be detected by specifi c 
investigation.14,23

Th e growing tendency of families to use emergency departments and urgent care centers 
in addition to (or instead of ) a medical home setting (or even the practice of seeing more 
than 1 physician within a clinic) undermines continuity of care, and may also mask the 
degree of dysfunction. Th e use of multiple physicians should alert the physician to increase 
vigilance. Appropriate documentation is vital, and forms for release of information facilitate 
communication among treating physicians.29

 THE PHYSICIAN’S ROLE
Family dynamics are complicated, and patterns of interaction can become quite ingrained. 
However, support for families can have a profound, positive, and enduring eff ect for children 
and those in their lives. For the primary care physician, attention to family functioning is 
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inextricably linked to practice,5,6,30 providing many opportunities for supporting the develop-
ment of healthy families as well as for addressing problems as they may arise.

Indeed, the physician-family relationship provides a unique opportunity for positive 
infl uence. Families are built on relationships, and the physician supports the family by 
fi rst developing a therapeutic alliance with the child and caregiver. In this important posi-
tion, the physician affi  rms intrinsic dignity and self-worth by modeling healthy, respectful 
interactions with each.

Th e preventive aspect of primary care integrates routine anticipatory guidance.28 Th is 
helps parents understand their children, guides them through appropriate caregiving prac-
tices, and promotes healthy aspects of family development. Over time, the physician gains 
understanding of diff erences in personalities, expectations, and the culture of parenting 
within the family. Th is allows further customization of care, with recognition of strengths 
and anticipation of needed support.

In addition to offi  ce visits, most physicians provide supplemental educational material and 
refer families to parenting classes as available. Some physicians incorporate group checkups or 
classes of their own to facilitate discussion, involve extended family members, and engender 
parent-to-parent support.31 When family problems are apparent, the physician may build 
on the above practices, remaining constructive and supportive.

Th e timing of well-child visits correlates with the transitional challenges of various devel-
opmental stages. Additional visits may be indicated for circumstances that challenge family 
members, such as the occurrence of night terrors or the experience of divorce. An up-to-date 
social history is invaluable.

Th e physician who is sensitive to parental development may prevent problems that arise 
from misinterpretation (“My baby cries because he doesn’t like me”), unrealistic expectations 
(“He should be toilet-trained by now”), parental self-doubt (“I feel so guilty going back to 
work”), discipline (“He just needs a good spanking”), and cultural issues (“My father thinks 
we spoil her”).

Th e need for anticipatory guidance remains dynamic, even as the child matures and 
seems to be more self-suffi  cient. Each child is unique, and may challenge a parent in ways a 
sibling did not. A new parental infl uence or attitude may be introduced (such as through a 
remarriage/new partner, more contact with a grandparent, or a new child care or classroom 
setting). Misinterpretation by a caregiver may become quite problematic (even to the point 
of maltreatment) if a child is labeled “oppositional,” “bossy,” “mean,” “moody,” or “lazy,” 
especially if there is little consideration of the factors that may overwhelm the child and 
keep him from successfully adapting to the demands of his daily tasks. What seems to be 
“nothing” to an adult may mean much more to a child.

Many factors that infl uence parenting behavior may not be readily apparent, even to 
the parents themselves. A particular age or situation may present a special challenge to a 
parent who similarly struggled (ie, a mother who was assaulted, or a father who became 
overdependent on athletic competition for a sense of self-worth).

Typically, family roles are learned in the family of origin.8,9 However, rapid cultural 
changes may result in much diff erent family structures, needs, dynamics, and practices. 
Commonly, struggles within the family of origin resurface when the now grown child begins a 
family of her own. Even in the best of circumstances, there is some degree of diff ering opinion 
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in regard to parental practices. Clearly, the physician who monitors family development and 
provides appropriate intervention provides a tremendous support to parental effi  cacy, child 
development and sense of self-worth, and overall family health.

For any clinical encounter, the interpersonal interaction is of great importance. However, 
it is even more so for a family that is struggling. Th e physician may be among the few con-
sistent supports for the family. Although families typically place trust in the physician who 
cares for their child, this should not be taken for granted. In fact, there are many cultural 
stereotypes (ie, industry infl uence, overuse of medications) that may cause a family to be 
wary of their physician or treatment recommendations. One should always listen carefully 
to what the family is truly communicating and confi rm shared understanding of the purpose 
of the visit.

Even if the child is the family member considered to need help, parents may be quite 
frustrated or ashamed of their perceived failure, and subsequently quite sensitive to any 
implied criticism. Th e physician should remain nonjudgmental, acknowledging the parents’ 
care for their child and expressing the desire to problem-solve with them. Th e physician 
can both model respectful interactions and constructively guide interactions between family 
members during the offi  ce presentation.

Typically, several techniques are employed.32–36 Emotional eff ect is acknowledged. (“Th at 
must have been quite upsetting.”) Expectations are clarifi ed. (“We won’t use that type of 
language.”) Communication is fostered. (“I feel that we pay attention to each other better 
if the cell phone is put away.”) Positive actions are encouraged. (“I like the way that you 
followed through with the consequences.”) Education is provided.

It is important to have the appropriate family members present and to ensure that each 
has a chance to be heard. Even if the physician disagrees with a statement or considers 
an emotion to be unwarranted, it is important to acknowledge an understanding of the 
perspective being communicated. Disagreement between any participants should be made 
transparent, with the goal of seeking a common point of agreement upon which to proceed. 
Problem-solving should be as concrete, achievable, and action-centered as possible. Th e “next 
steps” should be agreed upon and documented as specifi cally as possible (“We will turn off  
the computer an hour before bedtime.”) It is important to acknowledge family strengths, 
eff orts, and successes.

Physician-family interaction may range from a longer, prescheduled, and defi ned “family 
meeting” to a few minutes of conversation during a well-child or an acute-care visit.37,38 If the 
allotted time does not seem to be suffi  cient to the task, this should be acknowledged, with 
agreement on the acute priority of the day. In this fashion, the physician can accommodate a 
variety of methods to work with families while still working within the schedule constraints 
of a clinical practice. By the end of a particular encounter, however, one should always try 
to understand the situation as clearly as is feasible, ensure safety, have an agreed-upon plan 
for the “next steps,” and have scheduled follow-up.

Physicians vary a great deal in regard to personality, style of practice, experience, train-
ing, abilities, and motivation to work with families. Th is is especially true when working in 
challenging situations. Many already feel overtaxed by time constraints, documentation, and 
other work-related demands. Subsequently, it can be quite daunting to address additional 
levels of complexity when working with patients and their families. However, techniques 
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can be customized across a variety of practice settings, presenting situations, and profes-
sional skill levels.

It is critical for the physician to understand, defi ne, and communicate their own role. 
Caregivers by nature, physicians may have varied emotional responses to the patients and 
families in their care. Although families can be a source of joy, they may also engender 
sadness or other emotions that may not be as transparent. Professionals may feel frus-
trated with families who do not facilitate care or who challenge their skill level. Th ey 
may feel anxious in sensitive or disagreeable situations, or feel dislike or anger towards 
certain patients or family members. Th ey may be even more vulnerable to distress or 
countertransference in circumstances that resonate with their own life experiences. Often, 
the needs of the family seem insurmountable or can only be met with resources far out-
side of the physician’s scope of practice. Subsequently, the eff ective physician needs a 
certain degree of self-refl ection to provide insight into her own emotions and behaviors, 
and must acknowledge tendencies for minimization or avoidance, maintain appropriate 
boundaries, develop reasonable expectations for her work, and determine the need for 
additional resources and support.

As adult learners, physicians monitor their own “practice gaps” and seek information 
accordingly. A variety of resources is available to enhance the knowledge and skills that 
facilitate working with families.10,14,15,22,23,37–49 In addition to the traditional written resources, 
organizational toolkits, workshops, and mentoring opportunities support the incorporation 
of knowledge and skills into clinical practice.

Physicians will be most eff ective if they also use educational and community resources 
for both children and the adults. Th ere are many books, support groups, and Internet 
resources for common problems (eg, divorce, bereavement, alcoholism, violence). Families 
with signifi cant and chronic dysfunction will typically benefi t from the specifi c ongoing 
guidance of family therapy, and the physician should be aware of local mental health 
resources. When referral to additional physicians is warranted, personal attention to family 
engagement will greatly facilitate follow-through with the recommendation.34,50

Th e AAP Task Force on Mental Health has recommended that physicians develop 
“common factors” communication skills to elicit an accurate understanding, identify 
and address any barriers to the care and follow-up of identifi ed problems, and build a 
therapeutic alliance with the child and family. Such skills have been shown to be read-
ily acquired by experienced physicians and eff ective across a wide range of psychosocial 
problems presenting commonly in the primary care setting.22,39,51

 CONCLUSION
Family dynamics are complex and vulnerable to a variety of infl uences. Pediatric practice, 
however, provides a unique and powerful opportunity to guide not only the development 
of healthy children, but the development of healthy families as well. By understanding both 
adaptive and maladaptive patterns of behavior, the primary care physician can prevent prob-
lems, detect issues as they emerge, and intervene at early stages. By honing communication 
skills, using professional resources, and identifying community services, the physician can 
off er support, provide appropriate materials, and coordinate referrals for more specialized 
care. Th is results in profound benefi ts for children and their families, with the potential to 
aff ect generations to come.
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Connected Kids (Violence Prevention) (handouts), American Academy of Pediatrics

(patiented.solutions.aap.org)

Medical Decision Support
• Addressing Mental Health Concerns in Primary Care: A Clinician’s Toolkit (toolkit),

American Academy of Pediatrics (shop.aap.org)
• Promoting Mental Health (guideline), American Academy of Pediatrics (brightfutures.

aap.org/3rd_Edition_Guidelines_and_Pocket_Guide.html)
• Th e Resilience Project (Web page), American Academy of Pediatrics (www.aap.org/

en-us/advocacy-and-policy/aap-health-initiatives/Medical-Home-for-Children-and-
Adolescents-Exposed-to-Violence/Pages/Medical-Home-for-Children-and-Adolescents-
Exposed-to-Violence.aspx)
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Chapter 28

Fatigue and Weakness
Philip O. Ozuah, MD, PhD; Marina Reznik, MD, MS

 DEFINITIONS
Fatigue and weakness are ubiquitous complaints that may or may not be related to medical 
diagnoses but are used commonly in medical and colloquial language. Both terms are diffi  cult 
to defi ne. To add to the confusion, both patients and physicians often use the 2 concepts 
interchangeably. Moreover, adolescents and children often use other terms to describe their 
perceptions of somatic weakness and fatigue. Fatigue, in fact, is very diff erent from true body 
weakness. Th erefore, defi ning the 2 terms carefully is important, although the defi nitions 
must be modifi ed for each age group.

Fatigue involves extreme and unusual tiredness, decreased physical performance, and an 
excessive need for rest. It often is accompanied by feelings of sleepiness, weariness, irritabil-
ity, lassitude, boredom, and decreased effi  ciency. Weakness, in contrast, refers to diminished 
body or muscle strength, either the inability to generate force or maintain force (stamina), 
or both. True weakness can be identifi ed only by demonstration of abnormal neurologic 
or muscular function based on history, physical examination, or laboratory techniques. 
Practically speaking, a history of weakness, on further questioning, will often suggest hypo-
tonia in infants and will be expressed in older children as trouble running or keeping up in 
gym class, clumsiness, or lack of agility.

 ETIOLOGY
Fatigue
Fatigue may be a normal result of any physical or mental work in which energy expendi-
ture exceeds the restorative processes. Th e temporary fatigue that follows intense exercise 
involves several complex mechanisms, including increased central inhibition mediated 
by group III and IV muscle aff erents along with a decrease in muscle spindle facilitation 
and suboptimal cortical output.1,2 At the level of the muscle cell, fatigue results from a 
reduction in adenosine triphosphate caused by high utilization rates, as well as a depletion 
of glycogen.3,4 Normal fatigue also follows activities such as cramming for examinations 
and occurs with food or sleep deprivation. In all of these instances, the degree of fatigue, 
even when prolonged, is usually appropriate for the amount of physical or mental exer-
tion expended.

On the other hand, fatigue may be a pathologic state with an organic or psychological 
foundation. Th e lassitude associated with somatic illness, often with defi nable physical 
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or laboratory abnormalities, is well known. Fatigue has also been shown to have a strong 
correlation with the psychiatric diagnoses of depression and anxiety disorder.5-9 Any acute 
illness or trauma may be accompanied by fatigue, but only prolonged fatigue is usually 
noteworthy.

Weakness
True weakness in a child should always be a cause of concern. Weakness is the result of 
a derangement of neuromuscular function at one of several levels, including the cerebral 
hemispheres, cerebellum, spinal cord, anterior horn cells, peripheral nerves, myoneuronal 
junction, or muscle.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of prolonged fatigue is listed in Box 28-1. Box 28-2 lists some 
of the diff erential diagnoses for weakness in children.

Fatigue in Infants
Th e term fatigue is rarely pertinent for infants. However, parents sometimes report that their 
infant tires easily during feedings or seems droopy. Infants who are in heart failure often 
appear to tire easily and sweat excessively with feedings. Infants who have other serious 
conditions, including severe anemia and hypothyroidism, may also be described by their 
parents as being listless.

BOX 28-1

Disorders Commonly Associated With Prolonged 
Fatigue in Diff erent Age Groups
INFANCY

• Cyanotic heart disease
• Congestive heart disease
• Severe anemia
• Hypothyroidism

CHILDHOOD

• Chronic upper respiratory tract infections
• Otitis media and sinusitis
• Tonsillitis
• Chronic asthma
• Chronic allergies
• Hepatitis
• Rheumatic fever
• Disseminated malignancy
• AIDS
• Immunologic disorders
• Chronic renal disease
• Obstructive sleep apnea

ADOLESCENCE

• Mycoplasma and other viral pneumonia
• Infectious mononucleosis
• Hepatitis
• Juvenile idiopathic arthritis
• Systemic lupus erythematosus
• Diabetes mellitus types 1 and 2
• Malignancy
• Infl ammatory bowel disease
• Addison disease
• Drug abuse, including alcoholism
• Chronic pulmonary disease
• Juvenile primary fi bromyalgia
• Obstructive sleep apnea
• Narcolepsy
• Depression
• Severe obesity
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Fatigue During Childhood
Children complain only infrequently of feeling fatigued. Remarkably, even with chronic 
organic diseases, the child does not express fatigue itself verbally. Rather, concerned parents 
usually report that the child appears fatigued. Parents commonly make such statements as, 
“He has no energy,” “She lies around all the time,” “She seems bored and droopy,” “He’s 
sleeping a lot of the time,” “She has no pep,” “He drags around,” or “I can’t get her to do a 
thing.” On questioning, younger children occasionally express a sense of lassitude and fatigue 
to their pediatrician. Much of the diffi  culty in the middle years of childhood (before adoles-
cence), however, is children’s inability to put into words what they feel. Fatigue, therefore, 
is usually exhibited in terms of a child’s physical activity and performance in school, sports, 
and other organized activities. Th e younger the child, the more likely that the expressed or 
observed fatigue has a pathologic basis.

Recurrent or Chronic Infection
Th e most common problem associated with fatigue in children is recurrent or chronic 
infection. Otitis media, sinusitis, and tonsillitis of a recurrent and smoldering nature are 
often overlooked for their systemic eff ects, among which fatigue may be prominent. Often 
mistakenly considered insignifi cant, upper respiratory tract allergies may cause impressive 
fatigue, irritability, and mild depression in children and adolescents.

Endocrine Disorders
Of the common endocrine disorders, only hypothyroidism is likely to be associated with 
fatigue. Certainly, a child with hypothyroidism whose rate of growth has fallen off  may 
exhibit increasing fatigue and lassitude, at fi rst subtle, as the only symptoms. Th yrotoxicosis, 
in contrast, is uncommon in young children but occasionally produces isolated fatigue in 
adolescents.

Diabetes Mellitus
Although any metabolic disorder can cause fatigue, only diabetes mellitus occurs with enough 
frequency to merit consideration. Fatigue almost always accompanies the initial or uncon-
trolled diabetic state.

Infl ammatory Diseases
Inflammatory diseases, especially juvenile idiopathic arthritis and other rheumatologic 
disorders, appear frequently in pediatric practice, and many children have significant 

BOX 28-2

Diff erential Diagnosis of Weakness and Hypotonia
• Down syndrome
• Spinal muscular atrophy
• Muscular dystrophies
• Congenital hypothyroidism
• Botulism

• Myasthenia gravis
• Guillain-Barré syndrome
• Juvenile dermatomyositis
• Polymyositis
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fatigue, out of proportion to their musculoskeletal complaints. Lyme arthritis is a 
notable example.

Pulmonary Disease
Cyanotic heart disease and chronic advanced pulmonary disease, as seen with cystic fi bro-
sis, are commonly associated with marked fatigue; in these cases, however, the underlying 
disease is usually readily evident before the fatigue becomes severe. Th e pediatrician may 
occasionally see an older child for the fi rst time who has severe fatigue caused by a previously 
undiagnosed hypoxic disorder.

Anemia
Overall, the condition thought to be present most often as a cause of fatigue in both children 
and adults is anemia—usually, incorrectly so. Although fatigue is often ascribed to mild or 
moderate anemia, from whatever source, symptoms are usually not seen in children until 
the hemoglobin level falls to 6 or 7 g/dL; if red blood cell counts decrease gradually, then 
even lower hemoglobin levels may ensue without clinically evident symptoms. Irritability 
and attention problems may be present with mild to moderate iron defi ciency anemia, but 
fatigue is usually not a common feature. Younger children especially seem to tolerate incred-
ibly low hemoglobin levels with no symptoms at all.

Malignancy
Malignancy, particularly leukemia or lymphoma, occasionally develops insidiously, with 
fatigue as the major symptom. Although always feared, these diseases are seen infrequently 
in pediatric offi  ce practice.

Emotional Disorders
Many children who come to the pediatrician with unexplained chronic fatigue are found 
to have an emotionally related disorder. Before adolescence, the complaint usually centers 
on the parents’ concern about a child’s reduced activity level. A younger child will be noted 
to prefer sedentary activities—to “lie around the house a lot,” appear tired, lack energy, 
and shrink from social contacts. Th ese traits may have been longstanding, but a comment 
from grandparents or a teacher may arouse parental anxiety, precipitating the fi rst visit to 
the pediatrician.

At this point, the family is often convinced that the child has a serious organic disease. 
Further evaluation, however, usually reveals that the child is performing very satisfactorily 
but not up to the family’s excessive expectations. Th e child may be withdrawing because of 
failure to compete with an exceptional sibling or because of real or imagined failure in school.  
In other cases, a child may feel a lack of well-being because of parental discord. Similarly, 
lack of parental involvement with a child may lead to lassitude and boredom. Stress and 
anxiety in children often result in either hyperactivity or withdrawal, and the more common 
withdrawal reaction may express itself as chronic fatigue.

Most children experience transient periods of lassitude or fatigue, but such instances are 
brief and usually self-limited. At the opposite extreme is the child whose chronic fatigue is 
a sign of true psychiatric depression. In this case, as in the adolescent, the more protracted 
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and severe the periods of withdrawal, the more likely that depression and fatigue are caused 
by a pathologic process.

Fatigue in Adolescents
Complaints of chronic fatigue are encountered most often in adolescents. Th e normal swings 
in adolescent moods, from excessive exuberance to fatigue, are usually of more concern 
to parents and teachers than they are to the patient. In many instances, the adolescent 
may disagree vehemently with the parents’ view and not share their concern. Adolescents, 
however, also initiate visits to their pediatrician because they feel fatigue. Parents may be 
unable or may refuse to recognize the adolescent’s symptoms. Whereas a younger child who 
has a profound medical illness often does not experience fatigue, even minor illnesses often 
precipitate prolonged fatigue in adolescents.

Viral Illnesses
Mycoplasma pneumoniae infection, often low grade and without fever, produces progressive 
fatigue. In addition, prolonged viral and parasitic illnesses (eg, infectious mononucleosis, 
hepatitis, cytomegalovirus infection, toxoplasmosis) commonly produce fatigue, especially 
in adolescents.

Infectious Mononucleosis
Th e terms chronic infectious mononucleosis and chronic fatigue syndrome have become popular 
with both physicians and the media. Th is attention has led to misuse of these terms, as 
well as, undoubtedly, mild mass hysteria among young adults and adolescents who now are 
convinced they have one of these disorders. Most adults and many infants and children have 
been infected with the Epstein-Barr virus (EBV). Th e clinical manifestations in proved cases 
are extremely variable; some patients remain symptom free, whereas clinical, hematologic, 
and serologic fi ndings support the diagnosis of infectious mononucleosis in others. Th e 
symptoms of infectious mononucleosis usually resolve in several weeks, but an occasional 
patient may have an atypical or a more prolonged course in which the initial clinical 
fi ndings either persist or are intermittent over a period of months or, in rare cases, years. 
Th ese unusual but documented cases of chronic infectious mononucleosis typically include 
complaints of chronic fatigue.10 Another much smaller group of patients has been described 
as having a serious, sometimes lethal, illness associated with EBV infection. Th ese patients 
usually do not exhibit the classic fi ndings of infectious mononucleosis; their conditions are 
often proved to be either acquired or genetically determined immunologic abnormalities.

Other Conditions
Always unpredictable and often insidious in its onset, infl ammatory bowel disease may 
arouse concern initially with unexplained fatigue and a loss of sense of well-being. Although 
eventually accompanied by fever, abdominal symptoms, or abnormal stools, this disorder can 
continue for months, with fatigue as the only major symptom. Th e possibility of Addison 
disease should be considered in children or adolescents who have unexplained fatigue and 
associated weakness, anorexia, nausea, vomiting, or weight loss. Of more current importance 
in older children and adolescents are alcoholism and drug abuse—causes of chronic fatigue 
that are easily overlooked.
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Emotional Disorders
By far, adolescents are the patients who most commonly complain of fatigue. Pediatricians 
can expect to see a generous number of adolescents who characteristically appear each spring 
complaining of fatigue or lassitude and lack of energy and seem mildly depressed. Th is dis-
order usually appears during periods of greatest school-related stress, such as before exami-
nations. Although the patient may have a fever, usually caused by infection (eg, infectious 
mononucleosis, infl uenza), the cause of fatigue is usually emotionally based.

In many instances, the adolescent collapses with fatigue after intense and exuberant activ-
ity involving schoolwork, extracurricular activity, sports, or social events. Th ese individuals 
may also be short on sleep, have unhealthy eating habits, and complain of an additional 
variety of hypochondriacal symptoms. Burnout and fatigue are particularly common in 
overachieving high school and college students during late adolescence. Th e emotional reac-
tion may actually be precipitated by a physical illness, particularly an infection. Most of 
these patients have normal fi ndings on physical examinations and routine laboratory tests.

Chronic Fatigue Syndrome
Since 1985, adolescents, adults, and, occasionally, children have been described as having a 
disorder referred to as chronic fatigue syndrome (CFS),11,24 which most commonly involves 
persistent or relapsing severe fatigue, fever, headache, sore throat, tender lymphadenitis, nau-
sea or vomiting, myalgia, arthralgia, and abdominal pain. Neurocognitive complaints, such 
as an inability to concentrate, sleep disturbances, episodic confusion and memory problems, 
depression, anxiety, and irritability, are also especially common in CFS.5,17,18

Th e neurocognitive complaints are the most diffi  cult to evaluate in CFS because of the 
extreme diff erence in emotional perception from person to person. Furthermore, careful 
physical examinations by experienced physicians often fail to document any physical abnor-
malities, and extensive laboratory evaluations usually produce normal results. In addition, 
much of the diffi  culty surrounding both the diagnosis and the search for a cause of CFS 
is attributable to confusion about the use of the terms chronic fatigue and chronic fatigue 
syndrome. Consequently, in 1994, the Centers for Disease Control and Prevention (CDC) 
formulated strict criteria for the case defi nition of CFS.26,27 Unfortunately, these criteria were 
based mainly on observations of adult populations and may not be completely pertinent to 
children and adolescents.

Nevertheless, the CDC criteria for CFS stipulate that the debilitating fatigue must last 
at least 6 months in addition to the presence of 4 or more symptoms (such as muscle pain, 
tender lymphadenopathy, headaches, arthralgia, pharyngitis, impaired memory or concentra-
tion, low-grade fever, postexertional malaise, and sleep disturbances). Although the CDC 
criteria exclude most past or current major psychiatric disorders, they allow some comorbid 
psychiatric symptoms, such as anxiety and nonmelancholic depression.27 Th is allowance 
can be problematic because both anxiety and depression have an independent and well-
established relationship with fatigue.6,20

Chronic fatigue syndrome quickly became a popular diagnosis. Th e syndrome was ini-
tially attributed to infection with the EBV, although few patients had documented physical 
fi ndings or hematologic abnormalities consistent with the diagnosis of infectious mono-
nucleosis. In addition, most patients had no serologic evidence of active EBV infection. 
Recently, however, a better understanding of the natural course of EBV antibody activity in 
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healthy individuals months and years after an initial illness with infectious mononucleosis 
indicates that healthy patients who had mononucleosis years earlier could not be diff erenti-
ated from fatigued patients who currently had the disease.

Until recently, the diagnosis of CFS in children and adolescents was based on adult 
criteria. However, children with the illness may exhibit a diff erent symptomology than 
adults with CFS. In 2006, the International Association of Chronic Fatigue Syndrome pub-
lished a Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) Pediatric Case 
Defi nition.28 Th e main diff erence from the adult diagnostic criteria for CFS is a 3-month 
requirement for fatigue and other symptoms. Although few longitudinal data are available, 
the prognosis for pediatric patients with CFS is better than that for adults. Although symp-
toms may persist for months or several years, most children and adolescents with CFS have 
a good outcome, with approximately one-half reporting complete recovery.14,29,30

Weakness
Infants with weakness are often brought to their pediatrician with a complaint of being 
fl oppy. A fl oppy infant is usually one who has hypotonia caused by a neuromuscular disorder. 
(See Chapter 44, Hypotonia.) In the newborn period, some of these patients may assume 
a frog-leg position. Chromosomal anomalies such as Down syndrome, congenital hypothy-
roidism, and the infantile form of spinal muscular atrophy (Werdnig-Hoff mann disease) are 
some of the more common causes of hypotonia in infancy. Infant botulism from ingesting 
Clostridium botulinum spores in honey can cause infants to appear fl oppy with a weak cry 
caused by muscle weakness, loss of head control, lethargy, inability to feed, and constipation.

Older children and adolescents who have weakness experience diffi  culty walking, run-
ning, and participating in athletic activities. Myasthenia gravis and Guillain-Barré syndrome 
(postinfectious polyneuropathy) are perhaps the 2 most common causes of weakness in this 
age group. A distinguishing clinical feature is that, in myasthenia gravis, deep tendon refl exes 
may be diminished but are rarely absent, whereas Guillain-Barré syndrome is remarkable 
for bilateral, symmetrically absent tendon stretch refl exes. Other causes of weakness in the 
older child include the muscular dystrophies, the juvenile form of spinal muscular atrophy, 
dermatomyositis, and polymyositis.

 EVALUATION
Relevant History
Although the patient who is chronically fatigued may fi rst appear to have an insignifi cant 
problem, great care must be taken to rule out underlying medical illness, to return the child 
to a state of well-being, and to relieve parental concerns. Th e pediatrician must remember 
that either the child or the parents are worried about the child’s fatigue. Because family 
members may disagree about the signifi cance of the symptoms, adequate time and concern 
are needed to evaluate the history. Th e symptoms of chronic fatigue cannot be dismissed 
casually over the telephone or with a quick offi  ce visit.

Because most patients who come to the physician complaining of fatigue have emotion-
ally based problems, a careful history, with information from both child and parents (taken 
separately when appropriate), often helps narrow the diff erential diagnosis. An accurate 
assessment of sleep patterns, presence or absence of snoring, nocturnal awakenings, and daily 
exercise activities is essential. Discrepancies between the child’s and the parents’ observations 
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soon become evident, and the diagnosis of emotionally related fatigue emerges in most cases 
based on the history alone. Th e information derived from a longstanding physician–patient 
relationship contributes enormously to reducing tensions during the evaluation. Although 
fatigue may be the only symptom, further questioning almost always uncovers other symp-
toms of somatic disease. Chronic fatigue, in the absence of other physical symptoms, is 
usually emotionally based. Other associated complaints are somnolence, depression, anxiety, 
boredom, decreased activity, and inappropriate aff ect. In many instances, emotional stress 
or some disruption in the patient’s life is part of the history.

Physical Examination
A physical examination, thoroughly performed, may be the only measure necessary and may 
reassure the anxious child or parent. Th e child’s aff ect and appearance are most revealing. 
Th e impression that the child appears well invariably proves to be an accurate measure of 
the child’s health. Th e condition of the adolescent, in contrast, may be more diffi  cult to 
interpret. Although the physical examination may be benign, adolescents may be slovenly, 
uncommunicative, depressed, and unable to express their feelings; thus, at fi rst, adolescents 
sometimes appear to be physically ill.

In all age groups, a search should be made for sites of chronic latent infection: adenopathy, 
enlargement or tenderness of the liver and spleen, and abdominal masses. Careful palpa-
tion for an enlarged or tender thyroid gland is essential. Mild scleral icterus and petechiae 
are easy to overlook. Similarly, a patient’s pallor (a common fi nding, especially after long 
winters indoors) may evade even the most experienced physician. On the other hand, the 
characteristic facies of the chronically allergic child and signs such as clubbing and cyanosis 
are obvious. Examination of the oropharynx may reveal hyperpigmentation of gums and 
buccal mucosa, which may be present in Addison disease.

An assessment of the plotted height and weight should be an essential part of every routine 
health visit.31 Failure of a child to progress along the expected growth parameters should 
draw the physician’s attention to the possibility of an underlying systemic process aff ecting 
growth and causing unexplained fatigue. A normal linear growth velocity decreases the 
possibility of chronic cardiac, pulmonary, gastrointestinal, or renal disorders in children or 
adolescents who are excessively tired. An underlying endocrinopathy, such as hypothyroid-
ism or Cushing syndrome, may cause fatigue in association with poor growth velocity and 
obesity. Poor weight gain over time may be a subtle manifestation of infl ammatory bowel 
disease in adolescents with unexplained fatigue.

Laboratory Testing and Imaging
A limited, well-selected group of laboratory tests should be performed on most patients who 
are chronically fatigued. Th ese results will reassure the family, the patient, and the pediatri-
cian and will usually erase any lingering doubt about the diagnosis.

Other Diagnostic Tests
Th e laboratory evaluation should initially include a complete blood count with red blood cell 
indices, thyroid and liver function tests, a throat culture, and a stool examination for blood. 
Th e cold agglutinin test is often valuable as a simple initial screening test for a Mycoplasma 
species infection. Radiograms are rarely necessary and should be discouraged. Critical 



Fatigue and Weakness 337

evaluation of data collected from the history, physical examination, and laboratory tests 
should enable the physician to detect quickly any organic causes of fatigue. Prolonged fever, 
however low grade, must always be viewed as signifi cant and may suggest infection, infl am-
matory disease, or malignancy. Pallor points to the possibility of anemia or hypothyroidism. 
Hypertrophied tonsils or snoring and disturbed sleep might direct investigation toward a 
sleep study to evaluate airway competence during sleep and motor activity during sleep, 
and toward electroencephalogram tracings. In adolescence, a multiple sleep latency study 
may be considered in teens with fatigue and somnolence for early detection of narcolepsy.

Viral Disease
Cervical adenopathy, even a single enlarged node in the absence of other fi ndings, can be 
a clue to the diagnosis of infectious mononucleosis. In fact, in the autumn and early 
winter of each year, every physician begins to look for patients who have infectious 
mononucleosis. However, infectious mononucleosis is a protean illness, and the physi-
cal examination results are sometimes normal. Children and adolescents who have 
infectious mononucleosis may have no fever or signs of toxicity but may exhibit 
major fatigue. Furthermore, results of the heterophile antibody test for infectious mono-
nucleosis may be negative in many young children and infants and in approximately 10% 
of older children and adolescents who have the disease. Th e reliability of EBV antibody 
testing has improved to the point at which the diagnosis of acute, active infectious 
mononucleosis can be confi rmed. During the evaluation of chronic fatigue, EBV anti-
body titers can usually diff erentiate long-past infection from recent and active infec-
tion, thus eliminating EBV infection and infectious mononucleosis as causes for the 
fatigue and permitting a search for other likely neuropsychiatric causes. Toxoplasmosis 
and cytomegalovirus infections may mimic mononucleosis closely; these infections pro-
duce signifi cant fatigue but with only minimal cervical adenopathy and fever. Positive 
results of a fl uorescent antibody test for toxoplasmosis or cytomegalovirus with nega-
tive results of a heterophile antibody test will confi rm the diagnosis. Similarly, fatigued 
children may have hepatitis and may be anicteric (or only slightly icteric), with little or 
no hepatic tenderness or enlargement. Other common viral infections, especially during 
convalescence, can cause a prolonged fatigue syndrome accompanied by depression.

Chronic Fatigue Syndrome
Th e diagnosis of CFS should be restricted to patients who meet ME/CFS pediatric case 
defi nition criteria, including the new onset of persistent or relapsing fatigue lasting at least 
3 months with no prior history of such fatigue and the exclusion of other clinical conditions 
that might produce similar symptoms. In addition, the children must have the concurrent 
occurrence of the classic ME/CFS symptoms, which must have persisted or recurred in the 
past 3 months of illness (symptoms may predate the reported onset of fatigue).28,31–33

Autoimmune Disease
Children who have an autoimmune disease may have fatigue with little else at fi rst. Mild 
articular or periarticular infl ammation may be missed on examination. Th e emphasis must 
be on careful observation of subtle or minimal physical fi ndings because children usually do 
not display fulminant fi ndings initially. Children with infl ammatory bowel disease, arthritis, 
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or an arthritis-like illness, and some patients with a malignancy (monocytic leukemia, in 
particular), may have especially prolonged symptoms, including fatigue, without any physi-
cal fi ndings whatsoever.

Th yroid Disease
An enlarged, tender thyroid gland and fatigue may indicate thyroiditis with emerging hypo-
thyroidism. However, the thyroid is often palpable and full in healthy adolescents. In any 
event, chronic fatigue from thyroid disease can usually be ruled out quickly with a thyroid-
stimulating hormone and free thyroxine (free T4) tests. Some patients who have hypothy-
roidism also demonstrate mild to moderate anemia, and those who have active thyroiditis 
may have an elevated sedimentation rate.

Anemia
To be acceptable as an explanation for fatigue, the diagnosis of pure anemia requires marked 
reduction of hemoglobin. Red blood cell indices and a reticulocyte count will characterize 
the anemia and the probable cause. Anemia accompanied by thrombocytopenia, however, 
suggests leukemia or aplastic anemia. Th e white blood cell count may be normal in infec-
tious mononucleosis or hepatitis, but lymphocytosis with atypical lymphocytes will most 
likely be present in the former. Th e heterophile antibody screening test (the mono test) is 
diagnostic in most such circumstances.

Screening and Other Diagnostic Tests
Th e erythrocyte sedimentation rate is the most valuable screening test for infl ammatory 
diseases of all varieties. A normal sedimentation rate is usually reassuring in ruling out 
autoimmune disease, infl ammatory bowel disease, chronic smoldering infections, and dis-
seminated malignancies. An elevated sedimentation rate requires further investigation. A 
routine urinalysis almost always reveals diabetes, and most patients who have chronic renal 
failure have abnormal urinalyses, as well as signifi cant anemia. In these patients, the subse-
quent measurement of blood glucose in diabetes and of creatinine or blood urea nitrogen in 
renal disease can confi rm these diagnoses. Hyperkalemia, hyponatremia, and hypoglycemia 
are useful diagnostic features of Addison disease, with the adrenocorticotropic hormone 
stimulation test being the most defi nitive diagnostic test.

Weakness
The evaluation of a patient who has weakness may include chromosomal studies, 
muscle enzyme assays, nerve conduction studies, electromyography, edrophonium (Tensilon) 
challenge, muscle biopsy, and a lumbar puncture, depending on the suspected diagnosis. 
Consultation with a pediatric neurologist is often required. 

 MANAGEMENT
After signifi cant organic disease is ruled out in most patients, further management requires 
meaningful communication among the pediatrician, the patient, and the parents. In younger 
children, the variability in performance and behavior of healthy children must be put into 
perspective. Again, appropriate parental expectations must be emphasized. In addition, the 
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child’s and the family’s daily schedule should be reviewed. A chaotic lifestyle that is frantic, 
with poorly structured activity and inadequate sleep patterns, is often revealed. Occasionally, 
true psychiatric depression is discovered, which calls for referral to a psychiatrist.

Older children and adolescents benefi t from personal, warm attention. Th e value of a 
continuous relationship with a single physician becomes self-evident. An understanding, 
thorough session with the patient’s pediatrician usually streamlines the evaluation and 
eliminates the need for excessive testing. Conversation after the physical examination 
should attempt to reassure children or adolescents about their basic health, reiterate the 
common and normal occurrence of fatigue, examine the daily routine and stresses on 
patients, and suggest modifi cations of patients’ lifestyle and approaches to life’s situations. 
Th is period is a time for respectful give and take. Attempting to establish the probable 
cause of the fatigue is the physician’s responsibility before the patient is referred to a spe-
cialist. If emotional fatigue is thought to exist, then the adolescent, in particular, must be 
comfortable with the conclusion that organic diseases were ruled out. Th e patient then 
must be made aware of the emotional basis for the fatigue; if psychiatric referral is needed, 
then the reasons must be made clear. A knowledgeable pediatrician will be reassuring but 
fi rm in approaching the child or adolescent who needs referral. Fortunately, such a referral 
usually is not necessary.

When to Refer

• Unexplained weight loss
• Hypotonia in infants
• Suspected major aff ective disorder
• Suspected malignancy

When to Admit

• Severe depression or suicidal ideation
• Need for evaluation of neuromuscular disorders such as spinal muscular atrophy, 

Guillain-Barré syndrome, and myasthenia gravis

TOOLS FOR PRACTICE

Engaging Patient and Family
• Building Resilience in Children and Teens, 3rd ed (book), American Academy of 

Pediatrics (shop.aap.org)
• Children, Teens, and Resiliency (Web page), American Academy of Pediatrics 

(www.aap.org/stress)
• Helping Children Handle Stress (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-
Children-Handle-Stress.aspx)

• Helping Teens Handle Stress (audio), American Academy of Pediatrics (www.
healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Teens-
Handle-Stress.aspx)

• Kids and Stress (audio), American Academy of Pediatrics (www.healthychildren.
org/English/healthy-living/emotional-wellness/Pages/Kids-and-Stress.aspx)

http://www.aap.org/stress
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Children-Handle-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Children-Handle-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Teens-Handle-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Teens-Handle-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Helping-Teens-Handle-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Kids-and-Stress.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Kids-and-Stress.aspx
http://shop.aap.org/
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• Stress Management & Coping: Core to Resilience (video), American Academy of 
Pediatrics (www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/
Stress-Management-Coping-Core-to-Resilience-Video.aspx)
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Chapter 29

Fever
Élise W. van der Jagt, MD, MPH

For centuries, fever has been associated with illness. As many as 30% of all patients seen by 
primary care physicians and more than 5 million emergency department visits each year1 have 
fever as their principal complaint, making it among the most common reasons children are 
taken to a physician. Add to this the numerous telephone calls about fever that physicians 
receive day and night, and it becomes evident that the proper evaluation and management 
of fever is a basic and necessary skill for everyone caring for children.

Even though physicians have long dealt with this common clinical sign, its mechanism, 
meaning, and management have remained suffi  ciently unclear and controversial that research 
on these matters continues. Although advances in neurochemistry and neurophysiology have 
improved the understanding of the pathophysiology of fever, clinical investigators continue 
to search for practical knowledge that will enhance the care of the febrile patient. Availability 
of such information can simplify the challenging role of the physician, who must evaluate 
a child quickly and eff ectively, arrive at a diagnosis, institute appropriate therapy, and both 
educate and support the parents and child during the entire process. Th e extent to which 
physicians accomplish these goals depends on their knowledge of the mechanisms of disease, 
the various clinical manifestations of disease, and their awareness of the social context in 
which the disease occurs.

 DEFINITION
Th e word fever is derived from the Latin fovere, meaning to warm, and commonly means 
an increase in body temperature. Although this general defi nition is acceptable in common 
parlance, fever is described more accurately as an adaptive response of thermoregulation. It 
must be diff erentiated from hyperthermia, an increased body temperature resulting from 
conditions that overwhelm the normal process of thermoregulation. 

Normal rectal body temperature ranges between 97°F and 100°F (36.1°C and 37.8°C), 
although, on rare occasions, it may be as low as 95.5°F (35.3°C) or as high as 101°F 
(38.3°C). Th e normal temperature of 98.6°F (37°C) was derived from an 1868 study of 
more than 1 million axillary temperatures taken in adults.2 Th is value may have no rel-
evance for children, not only because adults were studied, but also because axillary and 
rectal temperatures correlate poorly. Young children seem to have higher body temperatures 
than adults, with temperatures slightly higher than 37.8°C occurring commonly in those 
younger than 2 years. Th e upper limits of the normal range for a rectal temperature are 
100.4°F (38°C) for newborns younger than 1 month, 100.6°F (38.1°C) in 1-month-olds, 
and 100.8°F (38.2°C) in 2-month-olds. A total of 6.5% of well infants less than 3 months 
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old have been reported to have rectal temperature of 100.4°F (38°C).3 Nevertheless, because 
it is unknown which of these infants have these relatively high “normal” temperatures, it 
is safest to consider 100.4°F (38°C) as an abnormal temperature (fever) in this age group. 
Lowest body temperatures occur between 2 am and 6 am, and the highest ones occur 
between 5 pm and 7 pm, a diurnal variation that persists even during a febrile illness.

Because a range of normal body temperatures exists, it may be helpful in some instances 
to know a child’s usual body temperature so that an abnormal increase can be recognized 
more easily. Th e extent to which body temperature is increased above normal may help 
determine the presence and signifi cance of fever. Th is circumstance may be true especially in 
young infants, in whom even a mild fever may be associated with serious disease. Although 
the variability and range of normal temperatures in children have made it diffi  cult to defi ne 
fever precisely and consistently, a consensus panel of experts4 has recommended that the 
lower limit of fever be defi ned as a rectal temperature of 100.4°F (38°C). Th is defi nition has 
become standard and is used both clinically and in research studies about fever.

 SIGNS AND SYMPTOMS ASSOCIATED WITH FEVER
Th e behavior of humans and animals is remarkably similar when fever is present.5 When the 
set point in the hypothalamus is increased, patients attempt to adjust the environment to 
keep their bodies at this higher temperature. Young children usually seek close contact with 
a warm person (generally a parent), wish to be covered by a blanket, sit near a warm stove 
or register, and refuse cold liquids or foods. Although children may be quite comfortable 
at this higher body temperature, they interact less with others, have a decreased ability to 
concentrate, substitute quieter activities for energetic ones, and become less communicative 
except to indicate discomfort and distress. Th is adaptive withdrawal is often accompanied 
by loss of appetite and complaint of headache.

Such a combination of behavioral symptoms is a familiar indicator of illness to most parents 
and usually results fi rst in placing the hand on the forehead, then measuring the temperature 
with a thermometer. Unfortunately, parents may not recognize the onset of fever in the younger 
child because the alterations in behavior are fewer and subtler. In a small infant, irritability and 
loss of appetite may be the sole evidence of fever and disease. If a parent is not familiar with 
these subtle cues, then recognition of serious illness may be signifi cantly delayed.

In addition to the behavioral changes that may accompany fever, the general physical 
examination may reveal a pronounced hypermetabolic state. Th e child may have fl ushed 
cheeks, have an unusual sparkle in the eyes (likely from pupillary dilatation), and be either 
sleepy and lethargic or exceptionally alert and excited (particularly 5- to 10-year-olds). With 
rare exception, the pulse is increased by approximately 10 to 15 beats per 1°C of fever, and 
the respiratory rate is increased. (If the pulse rate is less than expected for the degree of 
fever, then typhoid fever, tularemia, mycoplasma infection, or factitious fever should be 
considered.) Th e skin may feel hot and dry (“burning up with fever”), although the distal 
extremities may be cold and pale (vasoconstricted), obscuring an extremely high core body 
temperature. Most children are not particularly uncomfortable, but some may shiver or 
sweat, mechanisms by which the body increases or decreases temperature. Sweating may be so 
severe that dehydration occurs, particularly if the intake of fl uids has been poor. Th us, a dry 
mouth and lips may result not only from rapid mouth breathing, but also from dehydration. 
Finally, irritability of the central nervous system may increase, resulting in a febrile seizure.
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Th e aforementioned signs and symptoms may be less obvious in a small infant. Shivering 
does not occur in the fi rst few months of life, and diaphoresis is seen less often than in the 
older child. Because irritability and pallor may be the only suggestions of illness, a careful 
measurement of the temperature should be taken if the parent mentions these signs.

 PRESENTATION
A febrile child may come to the attention of a primary care physician in several ways. Probably 
the most dramatic and frightening manifestation of fever in a child is the sudden occurrence 
of a seizure. A generalized tonic or tonic-clonic seizure, usually lasting less than 15 minutes 
and occurring within 24 hours of the onset of fever, may begin without warning. Most par-
ents are not aware that a fever is present and often feel guilty for not having noted it. Th e 
primary care physician may be called immediately after the seizure has occurred or after the 
child has been transported to the emergency room. Th ere the child is likely to be postictal 
and have a rectal temperature of 102°F to 104°F (39°C�40°C). A thorough assessment of 
the patient is indicated because a seizure may be the fi rst sign of meningitis or encephalitis.

Although some experts have suggested that every patient who has a fi rst febrile seizure 
should routinely undergo a lumbar puncture (LP), the American Academy of Pediatrics (AAP) 
recommends an approach that takes the age and immunization status of the child into con-
sideration.6 Th e younger the child is, the more diffi  cult it is to diagnose meningitis clinically 
(eg, meningismus, Kernig sign, Brudzinski sign), and strong consideration should be given 
to performing an LP. In infants younger than 6 months, an LP should be strongly considered 
because clinical signs of meningitis may be absent. In children between 6 and 12 months of 
age, when clinical manifestations of meningitis still may be subtle, an LP should be considered 
if the infant has not received the recommended immunizations for Haemophilus infl uenzae and 
Streptococcus pneumoniae or immunization status is unknown. Infants xho have received the 3 
H infl uenzae and S pneumoniae immunizations are unlikely to develop meningitis from these 
organisms. In children older than 12 months, an LP is not routinely warranted except in the 
presence of signs and symptoms suggestive of meningitis or other intracranial infection. Because 
antibiotic treatment can mask meningitis, an LP should also be considered in a child with a 
fever and a seizure who has received antibiotics. Reexamination of the child after the convulsive 
episode may also help determine whether an examination of the cerebrospinal fl uid is needed.

More commonly, a patient with fever is fi rst examined when the fever has been present for 
longer than 24 hours and is associated either with nonspecifi c symptoms or with symptoms 
referable to a particular organ system. Inasmuch as many evaluations of febrile children 
take place over the telephone (the fi rst contact with the physician), the physician must be 
able to take an accurate and pertinent history. Of particular signifi cance are the age of the 
patient (the younger the child is, the more thorough the evaluation will need to be), any 
associated signs and symptoms, exposure to illness in the family or community, history of 
recent immunizations, and a history of any recurrent infections (eg, urinary tract infections 
[UTIs], streptococcal infections, otitis media). Th e time of year also should be considered, 
because certain viral illnesses are more prevalent at particular times of the year. For example, 
respiratory syncytial virus (RSV) and infl uenza virus infections are more common during 
the winter, parainfl uenza virus infections (the most common cause of croup) are more com-
mon during the spring and especially in the fall, and enterovirus infections occur primarily 
during the summer. In addition, questions should be asked about the duration and height 
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of the fever. A low-grade fever that has been present for many days usually does not need to 
be evaluated as urgently as a temperature of 106°F (41°C) that has been present for a few 
hours. Th e former is more likely to indicate a chronic or benign illness; the latter is more 
likely to be a potentially rapidly progressive infectious disease. Unfortunately, the height of 
the fever is often not very reliable in distinguishing viral from bacterial illness or even serious 
from nonserious disease. Young infants especially may not have much of a fever or even be 
hypothermic during a serious infection.

A visit or telephone call for minimal fever and little evidence of disease should prompt a 
thorough assessment of the psychosocial factors that may be contributing to parental concern. 
Is the main concern about something else—a hidden agenda? Is the caregiver anxious about the 
fever because of lack of knowledge about its signifi cance? Has the caregiver had a previous trau-
matic experience with disease, resulting in excessive anxiety? Might the patient be a vulnerable 
child? Is this family dysfunctional, in which minor illness either cannot be dealt with or is used 
as a means to meet other needs? Answers to these questions and others may clarify the situation.

 DIFFERENTIAL DIAGNOSIS
Because many conditions may cause fever, an extensive discussion about each condition is 
beyond the scope of this chapter. However, classifying conditions associated with fever into 
broad categories is useful (see Box 29-1). In addition to specifi c etiologies, dehydration, exces-
sive muscle activity, autonomic dysfunction, and heat exposure all may cause hyperthermia.

Although any disease in these categories may cause fever at any age, some diseases are more 
likely to occur at some ages than at others. Autoimmune disease and infl ammatory bowel 
disease, for example, are unusual in infants but become progressively more common with 
increasing age. Similarly, febrile immunization reactions are much more common during 
the fi rst year of life when most immunizations are administered.

Infections aff ecting the respiratory and gastrointestinal tracts account for most fevers in 
all age groups. Most of these infections have a viral origin (eg, enteroviruses, infl uenza virus, 
parainfl uenza virus, RSV, adenovirus, rhinovirus, rotavirus) and are generally self-limited. 
Knowledge of the seasonality of these viruses promotes correct and effi  cient diagnoses. In 
addition, knowledge of the typical physical fi ndings in these infections and their course may 
help distinguish them from bacterial diseases. For example, high fever, irritability, posterior 
cervical adenopathy, and painful vesicles on the gums and tongue are characteristic of herpes 
gingivostomatitis. Failure to examine the tongue and gums may result in an unnecessary 
workup in search of a possible bacterial infection. On the other hand, assuming that a high 

Box 29-1

Diff erential Diagnosis of Fever
• Infection
• Autoimmune disease
• Neoplastic disease
• Metabolic disease (eg, hyperthyroidism)
• Chronic infl ammatory disease
• Hematologic disease (eg, sickle cell disease, 

transfusion reaction)

• Drug fever and immunization reaction
• Poisoning (eg, aspirin, atropine)
• Central nervous system abnormalities
• Factitious fever 
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fever in a 2-month-old infant is from roseola (exanthem subitum) would be erroneous 
because this infection (human herpesvirus type 6) usually does not occur at such an early age.

 EVALUATION
Failure to evaluate the fever further might result in missing a serious bacterial infection. 
Although viral infections may cause signifi cant morbidity and mortality, the more aggressive 
course and serious outcomes of bacterial infections make early diagnosis especially important, 
particularly because eff ective antibiotic treatment is usually available. Bacterial infections may 
be especially devastating in younger children who are relatively immunocompromised because 
of their immature immune systems. An infection that remains localized in the older child may 
disseminate rapidly in the infant and toddler, particularly to the blood (bacter emia), the lungs 
(pneumonia), the meninges (meningitis), the bones (osteomyelitis), and the joints (arthritis). 
Because these infections may be seriously debilitating or even fatal if not recognized, the physi-
cian must be able to diff erentiate bacterial infections from the more benign viral infections.

At greatest risk are those children who present with fever or hypothermia and have 
severe sepsis or septic shock, because the mortality, although better than in adults, is still as 
high as 8% to 12%.7 Th ese children typically have a constellation of symptoms and signs 
collectively called systemic infl ammatory response syndrome (SIRS), along with evidence of 
organ dysfunction. Th e Worldwide Pediatric Surviving Sepsis Campaign8 has standardized 
(by consensus of experts) the defi nitions of SIRS, sepsis, severe sepsis and septic shock as 
outlined in Table 29-1, Table 29-2, and Table 29-3.

Table 29-1
Systemic Infl ammatory Response Syndrome Criteria

SIGN AGE VALUE

Temperature All ages �36°C or �38.5°C

Heart rate (bpm) 0 days–1 mo
1 mo–1 yr
2–5 yr
6–12 yr
13–18 yr

�100 or �180
�90 or �180
�140
�130
�110

Respiratory rate (rpm) 0 days–1 wk
1 wk–1 mo
1 mo–1 yr
2–5 yr
6–12 yr
13–18 yr

�50
�40
�34
�22
�18
�14

White blood cell count 
(� 103/mm)

0 days–1 wk
1 wk–1 mo
1 mo–1 yr
2–5 yr
6–12 yr
13–18 yr
all ages

�34
�19.5 or �5
�17.5 or �5
�15.5 or �6
�13.5 or �4.5
�11 or �4.5
�10% bands (immature WBC)

WBC, white blood cell.
From Goldstein B, Giroir B, Randolph A; International Consensus Conference on Pediatric Sepsis. Inter-
national pediatric sepsis consensus conference: defi nitions for sepsis and organ dysfunction in pediat-
rics. Pediatr Crit Care Med. 2005;6(1):2–8, with permission from Wolters Kluwer Health.
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Early recognition and aggressive, goal-directed therapy can decrease mortality signifi cantly. 
Th is means that careful clinical and laboratory assessment is necessary to identify patients, 
give antibiotics within an hour, and provide early and rapid fl uid administration (eg, 20 mL/
kg boluses of crystalloid given over 5–10 minutes), along with early use of inotropic agents 
as appropriate to normalize the patient’s physiology. Both the International Surviving Sepsis 
Guidelines for pediatric patients and the American Heart Association’s Pediatric Advanced 
Life Support Sepsis algorithm provide guidance to the management of these patients.8

The younger the child is, the more difficult it is to recognize bacterial infection. 
Complaints cannot be verbalized, and physical signs and symptoms are more subtle and 
easily missed unless a high index of suspicion is maintained. Serious bacterial disease is espe-
cially diffi  cult to diagnose in children with no obvious focus of infection. For this reason, 

Table 29-2
Sepsis-Related Defi nitions

Systemic infl am-
matory response 
syndrome (SIRS)

The presence of at least 2 of the following SIRS criteria, 1 of which must 
be an abnormal white blood cell (WBC) count or abnormal temperature: 
(1) temperature abnormality; (2) tachycardia/bradycardia; (3) increased respiratory 
rate; (4) abnormal WBC count.

Sepsis SIRS � evidence or suspicion of infection.

Severe sepsis Sepsis � (cardiovascular dysfunction OR acute respiratory distress syndrome OR 
2 other organ dysfunctions [see Table 29-3]).

Septic shock Severe sepsis � cardiovascular dysfunction as defi ned in the organ dysfunction.

Refractory shock Fluid Refractory: Cardiovascular dysfunction persists in spite of �60 mL/kg of fl uid 
over 1 hr. Catecholamine Refractory: Cardiovascular dysfunction persists in spite 
of �10 mcg/kg/min of dopamine and/or need for epinephrine/norepinephrine.

Table 29-3
Severe Sepsis—Organ Dysfunctions

Cardiovascular Despite �40 mL/kg fl uid in an hour, there is systolic hypotension OR need for vaso-
active drugs to keep BP within normal limits OR 2 of the following: capillary refi ll 
�5 sec; unexplained metabolic acidosis (base defi cit >5 meq/dL); oliguria (�0.5 mL/
kg/hr urine); lactate �2� upper limit of normal; �3 degrees between peripheral and 
core temperature.

Respiratory Any of the following: PaO2/FiO2 �300 in absence of cyanotic heart disease or pre-
existing lung disease; �50% FiO2 to maintain O2 sat �92%; PCO2 �65 or �20 mm Hg 
over baseline; need for nonelective mechanical or noninvasive ventilation.

Neurologic Glasgow Coma Scale �11 or an acute change in Glasgow Coma Scale with 
decrease of �3 from baseline.

Hematologic Platelets �80,000 or �50% decrease from previous 3-day baseline OR INR �2.

Hepatic Total bilirubin �4 mg/dL OR ALT �2� upper limit of normal.

Renal Serum creatinine �2� upper limit of normal or 2� baseline.

ALT, alanine aminotransferase; BP, blood pressure; FiO2, inspired fraction of oxygen; Hg, mercury; INR, 
international normalization ratio; PaO2, partial pressure of oxygen in arterial blood; PcO2, partial pres-
sure of carbon dioxide.
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many attempts have been made during the last 30 years to identify children in whom fever 
is a sign of a serious bacterial infection,9 particularly pneumococcal disease and infections 
caused by Haemophilus infl uenzae type b (Hib). Children between birth and 36 months of 
age have been of special interest because fever is most common in this age group, and they 
may be diffi  cult to assess, particularly during the fi rst 3 to 6 months of life. Eff orts to improve 
the ability to diagnose a serious bacterial infection have focused on 3 areas: data from the 
history and physical examination,10,11 laboratory data,12 and response to antipyretics.13 Of 
the 3 areas, the response to antipyretics has been shown most clearly to be unhelpful in 
distinguishing between patients who have a serious bacterial infection and those who have a 
more benign viral infection.13 Children who have a serious infection respond to antipyretics 
no diff erently from those whose illness is less signifi cant. In fact, some children who have 
viral illnesses do not defervesce either.

Many studies have attempted to delineate the precise combination of clinical or labora-
tory variables that might identify the febrile child at risk for serious disease. Defi ned clinical 
observational scales (eg, Yale Observation Scale, Young Infant Observation Scale, Severity 
Index) are not suffi  ciently discriminatory and predictive to be used alone.14,15 Laboratory 
studies continue to be necessary as well.

During the early 1990s, specifi c practice guidelines were published to facilitate the ini-
tial management of febrile infants and children without an obvious source of infection.16 
Although these guidelines remain controversial,17–21 as many as one-third of primary care 
physicians found them to be helpful and changed the way they evaluated young children 
with fever.22 Nevertheless, each patient continues to require individual assessment, with 
application of the recommendations as appropriate to the individual context of the patient. 
Considerations of the inconvenience, discomfort, and cost of laboratory testing and the 
increasing resistance to antibiotics in the community must be weighed carefully against the 
risk of missing a serious bacterial infection, with its subsequent morbidity and mortality. 
Th erefore, physicians must make the best decisions possible in an environment of incomplete 
certainty about the presence of serious disease. Parents need to be part of these discussions, 
and adequate follow-up of all patients is crucial, no matter what is decided in the initial visit.

Although the early practice guidelines were helpful during the 1990s, they were formu-
lated before the introduction in 2001 of the heptavalent pneumococcal vaccine for infants. 
Th is vaccine provides protection against pneumococcal serotypes 4, 6B, 9V, 14, 18C, 19F, 
and 23F, and is administered at 2, 4, and 6 months and between 12 and 15 months of age. 
With the introduction of the vaccine, a decline of 60% to 80% in pneumococcal disease 
occurred in children younger than 24 months.23 In 2010, a more comprehensive pneumo-
coccal vaccine was introduced, covering 13 serotypes including serotype 19A, with similar 
recommendations for administrating it 4 times in the fi rst 15 months.24 Because occult 
pneumococcal bacteremia and other pneumococcal infections made up most of the serious 
bacterial infections in young children with high fever (>102°F [>39°C]), the use of this 
vaccine greatly lowered the incidence of serious bacterial infections in children at greatest 
risk—those between 2 to 3 months and 3 years of age. A similar eff ect occurred when the 
Hib vaccine was introduced in the 1980s, nearly eliminating Hib meningitis, epiglottitis, 
and bacteremia. Given the marked decrease in pneumococcal and Hib serious bacterial 
infections, the likelihood of a serious bacterial infection when high fever (>102°F [>39°C]) 
is present in infants and toddlers is now even smaller, and a fairly limited assessment may 
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be more suitable at this time.25 In addition, with an increased ability to diagnose specifi c 
viral illnesses (RSV, infl uenza, enterovirus) by rapid diagnostic testing with polymerase chain 
reaction (PCR) methodology, and the increased use of infl ammatory markers more typically 
associated with bacterial infections (procalcitonin, C-reactive protein), the likelihood of 
missing a seriouis bacterial infection is even lower. Th us, even the revised, updated practice 
guidelines of 200026 are no longer as useful as they once were (fi gures 29-1 and 29-2).

Fever during the fi rst 4 days of life has been associated with a high incidence of bacterial 
disease.27 A temperature above 98.6°F (37°C) occurs in 1% of all newborns; of these children, 
10% have a bacterial infection, usually caused by group B streptococcal or gram-negative 
enteric pathogens. A full workup is indicated in these children, including a complete blood 
count and diff erential count, a urine analysis, and cultures of the blood, urine, and cerebro-
spinal fl uid (CSF); antibiotics (usually intravenous ampicillin and gentamicin, or ampicillin 
and cefotaxime) should be administered until the results of cultures are known.

Similarly, neonates up to 28 days of age with fever have a signifi cant risk of a bacterial 
infection (approximately 12% in some studies17,28). Pneumococcal infection is uncommon; 
Escherichia coli (E coli), group B Streptococcus, and other enteric pathogens are more usual; 
E coli is by far the most common and Listeria monocytogenes has become very uncommon.29 
Urinary tract infection (UTI) and occult bacteremias are the most common types of infec-
tion; however, with group B Streptococcus infection, the risk of accompanying meningitis is 
as high as 39%.30 Low-risk criteria, such as the Rochester criteria, may not be consistently 
reliable to diff erentiate young patients with serious bacterial infection from those who have 
more benign disease. Although some studies have demonstrated only a 0.2% incidence of 
bacteremia or meningitis in neonates satisfying the low-risk criteria,31,32 others have found 
that up to 6% of neonates who satisfy low-risk criteria have a serious bacterial infection.33,34 
Of note, neonates with RSV infection do not have a lower incidence of serious bacterial 
infection when they have fever but these are typically UTIs and not meningitis or bacte-
remia.35 Concomitant UTIs are especially common, occurring in 5% to 7% of patients.36 
In addition to bacterial infection, herpes simplex virus (HSV1/HSV2) infection, especially 
meningoencephalitis, should be considered in any neonate who has risk factors for HSV 
infection (maternal primary HSV infection, prolonged rupture of membranes, fetal scalp 
electrode use) or clinical evidence (temperature elevation/depression or instability, seizures, 
lethargy, skin/oral/ocular vesicles, CSF pleocytosis, or hemorrhage).37 Acyclovir is the treat-
ment of choice while awaiting an HSV PCR test on spinal fl uid/blood/surface cultures to 
confi rm the diagnosis.

Fever of 100.4°F (38°C) or higher in infants between 28 and 60 days of age is associated 
with a 5% to 10% incidence of serious bacterial infection.17,33,38 Unfortunately, neither height 
of fever nor apparent degree of toxicity has been a reliable predictor by itself of bacteremia or 
serious bacterial infection.39,40 Instead of using a single predictor, a combination of clinical 
and laboratory criteria seems to be more useful in identifying infants who are at low risk for 
having a bacterial infection. Th e most well known of these combinations are the Rochester 
criteria41 (Table 29-4). Th e infants must satisfy all of the following conditions: previously 
healthy (as defi ned in Table 29-4), no clinical signs of toxicity (in some studies33 defi ned by an 
infant observation score of �10), no focal bacterial infection found at physical examination, 
a white blood cell (WBC) count between 5,000 and 15,000 cells/mm3 with 1,500 bands or 
fewer, a normal urinalysis (�5 WBCs per high-power fi eld [HPF] with few or no bacteria 
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Figure 29-1
Algorithm for the management of a previously healthy infant 28 to 90 days of age with fever without source 
at least 100.4°F (38°C). (From Baraff LJ. Management of fever without source in infants and children. Ann 
Emerg Med. 2000;36:602–614. Copyright © 2000, Elsevier, with permission.)

Febrile Child
28 to 90 days old  

Outpatient
Management

Option 1
Blood culture
Urine culture

Lumbar puncture
Ceftriaxone

50 mg/kg IM (to 1 g)
Reevaluation within

24 hours

Outpatient
Management

Option 2
Urine culture

Careful observation

Admit to Hospital
Blood culture
Urine culture

Lumbar puncture
Parenteral antibiotics

Persistent fever:
Admit for sepsis
evaluation and

parenteral 
antibiotic

therapy pending 
results.

Outpatient 
antibiotics if afebrile

and well

Blood Culture
Positive 

(pathogen)
Admit for sepsis
evaluation and 

parenteral antibiotic
therapy pending

results.

Urine Culture
Positive

(pathogen)

Positive Culture

OR

aLow-Risk Criteria for Febrile Infants
Clinical criteria
 Previously healthy
 Nontoxic clinical appearance
 No focal bacterial infection on examination (except otitis media)
Laboratory criteria
 White blood cell (WBC) count 5,000 to 15,000/mm3, �1,500 bands/mm3

 Normal urinalysis (�5 WBCs/high-power field [HPF])
 or Gram-stained smear
 When diarrhea is present: �5 WBCs/HPF in stool

Low-riska and nontoxic appearanceHigh-risk or toxic appearance
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found in centrifuged urine and a Gram-stained smear of stool demonstrating fewer than 
5 WBCs/HPF if diarrhea is present. If cerebrospinal fl uid is obtained, then the cell count 
should be 8 WBCs/HPF or fewer.41 One- to 2-month-old infants who satisfy these criteria 
have only a 1.1% probability of having a serious bacterial infection, and a 0.5% probability 
of having meningitis.42

Febrile child, 3 to 36 mos,
with toxic appearance

Admit to Hospital
Sepsis workup

Parenteral antibiotics 

Temperature �39.0°C

Follow-up in 12 to 24 hours

Blood culture positive 

Streptococcus pneumoniae
If persistent fever: Admit
for sepsis evaluation and

parenteral antibiotics
pending results. 

All other bacteria: Admit for
sepsis evaluation and parenteral

antibiotics pending result. 

Admit if febrile or ill appearing.
Outpatient antibiotic if afebrile

and well. 

Urinalysis positive 

 1a. Urine leukocyte esterase (LE) and nitrite or 
urinalysis and urine culture:
All males �6 months and uncircumcised males
6 to 12 months of age
All females �2 years of age
If urine screening test positive: Outpatient 

antibiotics (oral third-generation cephalosporin)
 1b. Urine LE and nitrite or urinalysis and hold urine 

culture:
Circumcised males 6 to 12 months and all 

females 12 to 24 months
If urine screening test positive, send urine culture 

and outpatient antibiotics (oral third-generation 
cephalosporin)

 2. For infants and children who have not received 
the conjugate S pneumonias vaccine:
Temperature �39.5°C: Obtain WBC count (or 

ANC) and hold blood culture
If WBC count �15,000 (or ANC �10,000):

Send blood culture
Ceftriaxone 50 mg/kg up to 1 g

 3. Chest radiograph: If SaO2 �95%, respiratory 
distress, tachypnea, rales, or temperature 

  �39.5°C and WBC �20,000 (see above)
 4. Acetaminophen: 15 mg/kg/dose q4h or 

ibuprofen 10 mg/kg/dose q6h for fever
 5. Return if fever persists �48 hours or condition 

deteriorates

 1. No diagnostic tests or antibiotics
 2. Acetaminophen 15 mg/kg/dose q4h
  or ibuprofen 10 mg/kg/dose q6h for fever
 3. Return if fever persists �48 hours or if
  condition deteriorates

NoYes

NoYes

Figure 29-2
Algorithm for the management of a previously healthy child 91 days to 36 months of age with fever without 
source. (From Baraff LJ. Management of fever without source in infants and children. Ann Emerg Med. 
2000;36:602–614. Copyright © 2000, Elsevier, with permission.) 
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Because of the diffi  culty in determining solely by the degree of fever whether an infant 
younger than 3 months is at a low or high risk for bacterial disease (septicemia has occurred 
even in infants who have low-grade fevers43), evaluation should be prompt and thorough 
whenever a fever of at least 100.4°F (38°C) exists, paying particular attention to obtaining 
the data necessary for classifying the child as low or high risk. Such a comprehensive evalu-
ation should generally include a complete physical examination, total and diff erential WBC 
count, urinalysis44 and urine culture, a Gram-stained smear of stool if diarrhea is present, 
blood culture, and possibly examination and culture of cerebrospinal fl uid. A urine culture 
is especially important because UTIs are the most common bacterial infections in this age 
group, even in the absence of pyuria.31,45,46

If the infant seems nontoxic and meets the low-risk criteria, then examination and culture 
of the cerebrospinal fl uid and blood might reasonably be avoided as long as good observa-
tion and follow-up can be made within 24 hours and antibiotics are not administered. If 
antibiotics are to be administered, then a full workup, including blood and cerebrospinal 
fl uid cultures, should always be performed.

After obtaining a thorough history, including queries about illness of a similar nature 
in other family members and queries about whether the child has been immunized with 
the Hib and pneumococcal vaccines, the physician should assess the child for toxicity. If 
the child seems toxic (eg, lethargic or irritable, noninteractive, poor perfusion), then hos-
pitalization should be considered along with further diagnostic tests to assess for serious 
bacterial infection. If the child does not seem toxic, a WBC count should be considered; if 
this count is greater than 15,000/mm,3 then a blood culture should be considered. In the 
pre–pneumococcal vaccine era, children with WBC counts >15,000/mm3 were 5 times as 
likely to experience bacteremia as those who had WBC counts <15,000.19 In addition, an 
absolute neutrophil count of at least 10,000/mm3 correlated with an increased (8.2%) risk 
of pneumococcal bacteremia. Practically, obtaining the WBC and blood culture at the same 

Table 29-4
Rochester Criteria

1 Infant seems generally well.

2 Infant has been previously healthy.
Born at term (�37 weeks’ gestation).
Did not receive perinatal antimicrobial therapy.
Was not treated for unexplained hyperbilirubinemia.
Had not received and was not receiving antimicrobial agents.
Had not been previously hospitalized.
Was not hospitalized longer than mother.

3 No evidence of skin, soft tissue, bone, joint, or ear infection.

4 Laboratory values:
Peripheral blood white blood cell (WBC) count 5.0 to 15.0 � 1011 cells/L (5,000 to 15,000/mm3).
Absolute band form count �1.5 � 1011 cells/L (�1,500/mm3).
�10 WBC per high-power fi eld (�40) on microscopic examination of a spun urine sediment.
�5 WBC per high-power fi eld (�40) on microscopic examination of a stool smear (only for infants 
with diarrhea).

From Jaskiewicz JA, McCarthy CA, Richardson AC, et al; Febrile Infant Collaborative Study Groups. 
Febrile infants at low risk for serious bacterial infection—an appraisal of the Rochester criteria and 
implications for management. Pediatrics. 1994;94:390–396.
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time is easiest, with the blood sent for culture only if the WBC count warrants doing so. 
Procalcitonin and C-reactive protein blood levels might have better sensitivity and specifi c-
ity than the WBC count in predicting serious bacterial infection, but fi ndings from various 
studies still vary widely with respect to the best cutoff  levels to use.47,48

Given the lower incidence of pneumococcal disease now, avoiding blood tests altogether 
might be more cost-eff ective49 and reasonable as long as the child has received at least 3 
doses of the Hib and pneumococcal vaccines, does not seem toxic, has no obvious focus of 
infection, and has reliable physicians with excellent follow-up capabilities.

Approximately 5% to 8% of children in the 3- to 36-month-old age group who have an 
undiff erentiated febrile illness have a UTI.50 Two groups of patients in this age group are 
especially at risk. Female infants with temperatures greater than 39°C (102.2°F) have a UTI 
incidence of 16% to 17%.44,50 Uncircumcised boys in the fi rst 12 months of life have an 8- to 
9-fold higher rate of UTI than circumcised boys.51 Because of the high rate of UTIs in this age 
group, a urine culture is suggested for febrile boys younger than 6 months of age. A urinalysis 
alone is generally not adequate as a screening tool to determine which child should have a urine 
culture; 20% of children who have a UTI have a normal urinalysis, including a negative test 
for urinary nitrites or leukocyte esterase. However, a more recent study suggests that the urine 
dipstick may be an adequate screen for ruling out a UTI, with a negative predictive value of 
over 98%.52 A chest radiograph is generally necessary only if clinical symptoms or signs sug-
gest pneumonia (eg, cough, tachypnea, dyspnea, rales, decreased breath sounds, dullness to 
percussion).10 However, at least 1 study has suggested that up to 20% of children with fever 
of at least 102.2°F (39°C) and a WBC count of more than 20,000/mm3 have pneumonia by 
chest radiograph, even in the absence of respiratory symptoms and signs.53

If one considers all of the above, it is obvious that one must attempt to predict the risk 
of a serious bacterial infection in diff erent age groups and circumstances. Th e advent of 
immunizations directed to serious bacterial pathogens with a subsequent decline in serious 
illness caused by these agents, and the possibilities of diagnosing viral infection very early, 
even in the emergency room, make it imperative that a balanced approach be taken in diag-
nostic testing, hospitalization, and treatment. One way of doing this has been outlined by 
Ishimine54 and is shown in Figure 29-3.

A further consideration in the approach to a febrile infant or child in the fi rst 3 years of 
life is the increased availability of rapid diagnostic viral testing. Rapid tests are now avail-
able for infl uenza A and B, RSV, and enterovirus. Although sensitivity and specifi city vary 
with individual tests, a positive test may be helpful in decreasing the number of other tests 
that need to be performed to rule out a bacterial infection.55,56 Including neonates younger 
than 28 days, the rate of serious bacterial infections in febrile patients is lower if they are 
infected with infl uenza57 and RSV.58 When this rate of infection is coupled with a generally 
lower incidence of serious pneumococcal and H infl uenzae infections because of the advent 
of vaccines given at a young age, a reasonable strategy might be to use positive viral tests as 
a way to reduce blood and urine tests in vaccinated children older than 2 to 3 months who 
do not seem toxic.

Children older than 3 years are more likely to have signs and symptoms consistent with 
a recognizable illness. If they have nonspecifi c symptoms, an urgent consultation with a 
physician is probably unnecessary; however, regardless of age, all febrile children with local-
ized signs and symptoms, such as swollen joints, meningismus, labored respirations, chest 
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pain, dysuria, petechiae, alteration of consciousness, and severe abdominal pain, should be 
examined immediately. Moreover, any child with fever or hypothermia who satisfi es the 
criteria for SIRS should be immediately evaluated.

Although many febrile children do not have signs and symptoms pointing to an obvious 
cause, a complete physical examination may reveal important clues to the origin of the fever. 
Because most infections involve the respiratory tract, this area must be examined carefully. In 
all instances, the tympanic membranes should be examined for otitis media, the pharynx for 
pharyngitis, the nose for the discharge of sinusitis or a viral upper respiratory tract infection, 

No

No

Yes

Yes

Age <2 months or
toxic appearance

Outpatient oral
antibiotics

Evaluate for occult infection

Temperature ≥38.0°C (100.4°F) and no apparent source
Previously healthy, term infant, not on antibiotics

Evaluationa

1. Blood culture
2. Peripheral WBC with 

differential
3. Urine culture
4. Rapid urine test
5. CSF culture
6. CSF studies (protein, 

glucose, Gram stain)
7. Optional studies:

a. HSV studies
b. Chest radiograph
c. Stool culture
d. Rapid viral testing

(eg, RSV, influenza)
8. Parenteral antibiotics

Occult Urinary Tract Infection 
Obtain rapid urine testing and culture 
in all girls (up to 24 months of age) and 
uncircumcised boys (up to 12–24 
months of age) with 1 risk factor.
Obtain rapid urine testing and culture 
in circumcised boys with suprapubic 
tenderness or with 2 risk factors
Risk factors:

• Temperature ≥39.0°C (102.2°F)
• Fever >24 hours
• No other apparent source of fever
• History of UTI
• Nonblack race
• Ill appearance

Occult Bacteremia 
Obtain blood culture in 
high-risk patient:

• <2 PCV13 vaccinations
• Temperature  ≥40°C 

(104.0°F)
• Contacts with 

meningococcal disease
• Petechiae
• Prolonged gastroenteritis

Occult Pneumonia
Obtain chest radiograph 
if patient has:

• Hypoxia
• Tachypnea
• Respiratory distress
• Abnormal breath 

sounds
• Prolonged cough
• Prolonged fever

Admission 
• Toxic appearance

OR
• Age ≤28 days

OR
• Abnormal test resultsb

Discharge
• Clinically stable for 

discharge
 AND
• Age >28 days
 AND
• Normal labs
 AND
• Adequate social 

situation/phone access
 AND
• Follow-up ensured 

within 24 hours
• Consider dose of 

ceftriaxone (50 mg/kg 
IM or IV) prior to 
discharge

Rapid urine test positive?

Yes No

Outpatient oral
antibiotics

Findings suggestive
of pneumonia?

Discharge
• Clinically stable for discharge

AND
• Adequate social situation/phone access

AND
• Follow-up ensured within 24–48 hours

Consider dose of ceftriaxone 
(50 mg/kg IM or IV) prior to 
discharge

aChest radiographs are indicated in patients with hypoxia, tachypnea, abnormal lung sounds, or respiratory distress. Stool studies 

are indicated in patients with diarrhea. Herpes simplex virus testing should be considered in the presence of risk factors (eg, 

primary maternal infection; prolonged rupture of membranes; use of fetal scalp electrodes; skin, eye or mouth lesions; seizures; CSF 

pleocytosis; hemorrhagic CSF). HSV testing is best accomplished by polymerase chain reaction or viral culture. Neonates should 

receive both ampicillin (50 mg/kg IV; 100 mg/kg IV if concern for meningitis) and ceftriaxone (50 mg/kg IV; 100 mg/kg IV if 

concern for meningitis). Older children should receive ceftriaxone (50 mg/kg IV if concern for meningitis).
bAbnormal labs
• Peripheral WBC count: <5,000/mm3 or >15,000/mm3 or band-to-neutrophil ratio >0.2

• Urine testing: ≥10 WBC/HPF, bacteria on Gram stain, or positive leukocyte esterase or nitrate

• CSF: ≥8 WBC/mm3 or bacteria on Gram stain

• Stool specimen: ≥5 WBC/HPF

• Chest radiograph: infiltrate on chest radiograph

Figure 29-3
Fever without apparent source in children 0 to 24 months old. (From Ishimine P. Risk stratifi cation and 
management of the febrile young child. Emerg Med Clin N Am. 2013;31:601–626. Copyright © 2013, 
Elsevier, with permission.)
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and the lungs for evidence of pneumonia or bronchiolitis. Conjunctivitis may be a clue to 
adenovirus, infl uenza or RSV infection, conjunctivitis-otitis syndrome, or Kawasaki disease.

Th e skin is no less important and may demonstrate typical viral exanthems, such as those 
associated with rubella, roseola, or chickenpox, or it may show the erythema marginatum 
of rheumatic fever or the rose spots of typhoid fever.

Generalized lymphadenopathy often occurs with viral illnesses, such as infectious mono-
nucleosis, hepatitis, or cytomegalovirus infection, but it also may be a clue to the diagnosis 
of leukemia or lymphoma. Localized enlargement of lymph nodes should prompt a search 
for a skin infection or for a tumor. Isolated cervical lymphadenopathy may be associated 
with tuberculosis infection or cat scratch disease (Bartonella infection).

Th e musculoskeletal system must be examined with care. Localized bone tenderness may 
suggest osteomyelitis, and a restricted range of motion in a warm joint may suggest arthritis. 
Although the latter fi nding may occur in many diff erent diseases, a meticulous examination 
of the heart is always indicated to detect the carditis of rheumatic fever or infective endocar-
ditis. Th e spine should be palpated for any evidence of diskitis, and any costovertebral angle 
tenderness should prompt an examination of the urine for evidence of a UTI.

Although uncommon, factitious fever is a fi nal consideration and a well-described entity. 
Children as young as 8 years have been known to increase the thermometer reading artifi -
cially by rubbing the mercury thermometer bulb on the sheets or by exposing it to warm 
liquids. Clues at physical examination include a pulse that is not correlated with the increase 
in temperature, inability to document fever when it is measured rectally, and an absence of 
sweating during defervescence. Investigation of psychosocial disturbances within the family 
is usually necessary.

 SUMMARY
Although fever may be associated with serious illness, treatment of the fever itself is much 
less crucial than the evaluation and treatment of the illness causing the fever. Health care 
professionals are responsible for educating parents about the proper management of their 
febrile children, emphasizing their role in the observation for signs and symptoms that 
are more likely to be associated with serious disease. Fever as a harbinger of severe sepsis 
is especially important and both physicians and parents need to be educated on how to 
diff erentiate patients who are septic from those who have a more benign illness. Fever is 
but a single sign that should be evaluated in the total context of the care of the patient.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Fever and Your Child (handout), American Academy of Pediatrics (patiented.solutions.

aap.org)
• How to Take a Child’s Temperature (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/fever/Pages/How-to-Take-a-
Childs-Temperature.aspx)

• Medications Used to Treat Fever (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/health-issues/conditions/fever/Pages/Medications-Used-to-
Treat-Fever.aspx)

http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/How-to-Take-a-Childs-Temperature.aspx
http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/How-to-Take-a-Childs-Temperature.aspx
http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/How-to-Take-a-Childs-Temperature.aspx
http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/Medications-Used-to-Treat-Fever.aspx
http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/Medications-Used-to-Treat-Fever.aspx
http://www.healthychildren.org/English/health-issues/conditions/fever/Pages/Medications-Used-to-Treat-Fever.aspx
patiented.solutions.aap.org
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Chapter 30

Fever of Unknown Origin
Élise W. van der Jagt, MD, MPH

Fever without a discernible cause poses several diffi  culties for the physician. Since fever 
suggests disease, the inability to identify its cause can create anxiety for the family and the 
physician, undermine the physician’s credibility, and aff ect patient rapport. Th e longer 
the fever persists, the more concerned parents are and the higher their level of anxiety. 
A fever of only a few days’ duration, not associated with any localizing signs or symptoms, 
usually does not even come to a physician’s attention unless the child also appears ill. Fever 
that continues beyond 5 to 7 days, or that occurs repeatedly, almost always will prompt 
a medical consultation. Th is discussion focuses on these prolonged fevers including their 
evaluation and management.

 DEFINITION
In 1961, Petersdorf1 proposed the classic defi nition for a fever of unknown origin (FUO): 
fever that is higher than 38.3°C (101°F) on several occasions, that is present for more than 
3 weeks, and that has a cause that is still unexplained after 1 week of evaluation in the 
hospital. Since then, researchers have suggested that these criteria are inappropriate 
for immunocompromised patients and that the third criterion—evaluation—be changed 
either to refl ect the increased emphasis on ambulatory assessment (unexplained fever 
after 3 days of in-hospital evaluation or 3 ambulatory visits) or to make the evaluation 
more quantitative by requiring specifi c tests that should have been performed before 
applying the label of FUO.2,3 Th e latter defi nition is more acceptable to most primary 
care physicians, who usually don’t wish to delay evaluation for 3 weeks or require a week 
of hospitalization. In children, an FUO has been defi ned as a daily rectal temperature 
greater than 38.3°C (101°F), lasting for at least 2 weeks, the cause of which has not been 
determined by simple diagnostic tests, including a complete history and thorough physical 
examination.4 Some experts suggest that 1 of the 2 weeks of fever should be documented 
in the hospital.

Careful and precise documentation of fever is necessary before using the label of FUO. 
A thorough awareness of the range of normal core body temperature for age, with its diur-
nal variation, may help to exclude patients who are actually not febrile but, instead, have a 
high normal body temperature. Th e physician should teach the parents how to take a rectal 
temperature and defi ne a day of fever as a 24-hour period in which a temperature greater 
than 38.3°C (101°F) occurs at least once. All medications taken, the activities in which 
the child has participated, and the environmental temperature during this time should be 
recorded because each of these may aff ect body temperature.
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Although much importance has been attached to fever patterns in the past (ie, remittent, 
intermittent, sustained), detailing them may not be useful because they are rarely diagnostic 
of a specifi c disease.5 Nevertheless, some infl ammatory diseases do have recognizable fever 
patterns (eg, double quotidian fever of systemic idiopathic juvenile arthritis). In addition, 
it should be carefully determined if even 1 or 2 days of normal temperature have been 
interspersed between days of fever: children with this pattern may have a series of rapidly 
sequenced brief febrile illnesses, which are masquerading as a single febrile illness. Careful 
documentation of fever should also help exclude the so-called pseudo-FUO or factitious 
fever.6 Children who have a pseudo-FUO not only do not have a true fever if their body 
temperature is measured accurately and consistently (sometimes this needs to be done under 
hospital supervision), but also exhibit a specifi c and recognizable constellation of fi ndings 
that is often diagnostic (Box 30-1). In addition to the inability to corroborate fever, and in 
the setting of a completely normal physical examination, the parents may relate a previous 
serious illness and their concerns about its possible recurrence or lasting eff ect on the child 
(vulnerable child syndrome). Th eir child may have missed an excessive amount of school, 
given the general degree of illness described; school absence is often prompted by the presence 
of fatigue, abdominal pain, and headache in the morning—symptoms that are conspicuously 
absent during the rest of the day. Others have noted a similar pattern of fi ndings and called 
it deconditioning syndrome, which occurs after an acute, easily defi nable febrile illness and 
usually occurs in children who are older than 12 years. Th e syndrome includes signifi cant 
fatigue, sedentary habits, absence of depression, and a normal neurologic and musculoskeletal 
exam. Treatment is directed towards establishing required physical activity in a graduated 
way while acknowledging that fatigue is present.7

Another category of FUO is periodic fever. Instead of a single episode of prolonged fever, 
aff ected children have shorter episodes of fever that recur in a regular (periodic) fashion, 
accompanied by a predictable constellation of symptoms. Patients with this pattern of fever 
are said to have periodic fever syndrome.7 Many of these periodic fevers are now known to be 

BOX 30-1

Characteristics of the Child Who Has Pseudo-Fever 
of Unknown Origin
• Absence of documented, persistent fever
• Lack of objective, abnormal physical

fi ndings
• History of signifi cant or near-fatal illness
• Parental fear of malignant or crippling

disease
• Frequent environmental exposure to illness
• Absence of persistent weight loss
• Normal erythrocyte sedimentation rate and

platelet count

• Many missed school days because of
subjective morning complaints

• Discordance of fever and pulse rate
• Medical or paramedical family background
• One or more of mild self-limited diseases,

behavioral problems, parents who have
misconceptions concerning health and
disease, or families under stress

From Kleiman MB. Th e complaint of persistent fever. Pediatr Clin North Am. 1982;29(1):201–208. Copyright © 1982, 
Elsevier, with permission. 
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genetically based and can be diagnosed by sophisticated genetic testing. Unfortunately, the 
most common periodic fever (periodic fever, aphthous stomatitis, pharyngitis, and cervical 
adenopathy [PFAPA]) is not known to be genetic.

 DIFFERENTIAL DIAGNOSIS
Box 30-2 lists the common causes of FUO in children. Th e causes are subdivided into 5 
main categories: (1) infectious diseases—bacterial/viral/fungal/parasitic, (2) autoimmune 
diseases, (3) malignancies, (4) periodic fever syndromes, and (5) miscellaneous. Th is list 
suggests that most FUOs eventually are found to be caused by common pediatric illnesses 
that are either self-limited or treatable.

An infectious illness is the most common cause for an FUO in children, comprising 
between 40% and 60% of the reported cases4,8–11; the second most common cause is auto-
immune disease, comprising between 7% and 20% of the cases. Children younger than 
6 years are most likely to have an FUO from an infection; autoimmune diseases become 
more common after 6 years, although infection remains the most frequent cause of FUO 
overall (Table 30-1).9,11

Although most infections that present themselves as an FUO are atypical or incomplete 
manifestations of common infectious diseases, less common infections should also be con-
sidered. Epstein-Barr virus is the most common infectious cause of FUO,8,12 followed by 
osteomyelitis and bartonellosis. Th e advent of serologic testing (indirect immunofl uorescent 
antibodies) for Epstein-Barr virus and Bartonella infections has made these diagnoses easier 
to make. Although bartonellosis (caused by Bartonella henselae) usually presents as classic 
cat-scratch disease, it may also manifest as atypical cat-scratch disease, producing prolonged 
fever and hepatosplenic abscesses,13 lymphadenopathy, or central nervous system disease.14 
Th us, when exposure to kittens and cats can be documented, serologic testing for Bartonella 
should be obtained; if positive, an abdominal ultrasound should be considered. Tick-borne 
diseases should also be considered, especially in areas of the United States where ticks are 
plentiful. Th ese diseases include Lyme disease, tularemia, tick-borne relapsing fever and 
ehrlichiosis.15 Osteomyelitis, particularly of the axial skeleton (intervertebral disk space 
and vertebral body) and the pelvis, should also be a consideration, especially in young 
children who are more diffi  cult to examine.

Another interesting syndrome likely initiated by a variety of viruses, and fi rst described in 
1972 in adults, is Kikuchi-Fujimoto disease or histiocytic necrotizing lymphadenitis, which 
is most common in the Far East. Kim16 recently described a series of 40 children, noting 
that 90% of them had fever (�37.5°C) lasting for a mean of 18 days with tender unilateral 
cervical lymphadenitis (�3 cm, often multiple). Leukopenia was present in 45%, elevated 
LDH (�500 U/L) in 88%, and ANA was weakly positive in 30% of patients in whom it 
was measured. All patients completely recovered.

Th e appearance during the 1980s and the subsequent increased incidence of HIV infec-
tion and acquired immunodefi ciency syndrome (AIDS) should encourage primary care 
physicians to look for characteristic physical signs and symptoms, as well as known risk 
factors, including parental intravenous drug abuse, parental sexual contact with individuals 
who may be HIV positive, an HIV-positive mother, and hemophilia requiring transfusion 
of blood products. Fortunately, in the United States, hemophilia poses less of a risk, since 
screening for HIV is very sensitive and more synthetic factors  are also being used. In addition, 
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BOX 30-2

Causes of Fever of Unknown Origin in Children
INFECTIOUS DISEASES
Bacterial
• Bacterial endocarditis
• Bartonellosis
• Brucellosis
• Chlamydia

 Lymphogranuloma venereum
 Psittacosis 

• Dental infections
• Ehrlichiosis
• Leptospirosis
• Liver abscess
• Lyme disease (Borrelia burgdorferi)
• Mastoiditis (chronic)
• Osteomyelitis
• Mycoplasma infections
• Pelvic abscess
• Perinephric abscess
• Pyelonephritis
• Salmonellosis
• Sinusitis
• Subdiaphragmatic abscess
• Tuberculosis
• Tularemia

Viral
• Cytomegalovirus
• Epstein-Barr virus (infectious mononucleosis) 
• Hepatitis viruses
• Human immunodefi ciency virus
• Rickettsial diseases

 Q fever
 Rocky Mountain spotted fever 

Fungal
• Blastomycosis (nonpulmonary)
• Histoplasmosis (disseminated)

Parasitic
• Malaria
• Toxoplasmosis
• Visceral larva migrans
• Visceral leishmaniasis

AUTOIMMUNE DISEASES

• Polyarteritis nodosa
• Sarcoidosis
• Systemic idiopathic juvenile arthritis
• Systemic lupus erythematosus

MALIGNANCIES

• Hodgkin disease
• Leukemia
• Lymphoma
• Neuroblastoma
• Pheochromocytoma

PERIODIC FEVER SYNDROMES

• Cyclic neutropenia
• Familial Mediterranean fever
• Hyperimmunoglobulinemia D and periodic 

fever syndrome (HIDS)
• Periodic fever, aphthous stomatitis, pharyn-

gitis, and cervical adenopathy (PFAPA)
• Tumor necrosis factor receptor–associated 

periodic syndrome (TRAPS)
• Other periodic fever syndromes

MISCELLANEOUS CAUSES

• Colitis, granulomatous
• Colitis, ulcerative
• Diabetes insipidus—central
• Diabetes insipidus—nephrogenic
• Drug fever
• Ectodermal dysplasia
• Familial dysautonomia
• Hemophagocytic lymphohistiocytosis
• Infantile cortical hyperostosis
• Kawasaki disease
• Kikuchi-Fujimoto disease
• Münchausen by proxy
• Pancreatitis
• Pseudo-fever (factitious fever)
• Serum sickness
• Th yrotoxicosis 

Modifi ed from Feigin RD, Cherry JD. Textbook of Pediatric Infectious Diseases. 5th ed. Philadelphia, PA: WB Saunders; 
2004. Copyright © 2004, Elsevier, with permission. 
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infant screening for HIV is also occurring now. Fever is not usually the sole manifestation 
of HIV infection. However, HIV infection should be strongly considered and the appropri-
ate laboratory tests performed if the fever has been present for more than 2 months and is 
associated with 1 or more of the following:
• Failure to thrive or a weight loss of more than 10% from baseline
• Hepatomegaly
• Splenomegaly
• Generalized lymphadenopathy (lymph nodes measuring at least 0.5 cm in 2 or more 

sites, with bilateral site involvement counting as 1 site)
• Parotitis
• Persistent or recurrent diarrhea17

Of the autoimmune diseases, systemic-onset juvenile idiopathic arthritis (formerly known 
as systemic juvenile rheumatoid arthritis) is the most common. Fever is almost always associ-
ated with this illness, and it frequently precedes the joint manifestations by weeks or months. 
Th e typical double quotidian fever (2 fever spikes in 24 hours with a normal temperature 
in between) is a helpful clue to this diagnosis. Other common autoimmune diseases that 
should be considered are lupus erythematosus and chronic regional enteritis. Th ese latter 
conditions are more common in children older than 6 years.

Malignancy, the diagnosis that provokes the most anxiety, is present in only a small per-
centage of patients in most studies (1.5%–6%).4,8,9,12 Th is is in signifi cant contrast to adults 
with FUO, of whom between 7% and 16% have a neoplastic process.3,18 Th e most common 
malignancy in children is leukemia, although solid tumors such as lymphoma, neuroblas-
toma, hypernephroma, pheochromocytoma19 and hepatoma have been reported to present as 
FUO. Th e exact reason for fever in these diseases is unclear but seems to be related to various 
endogenous pyrogens such as interleukin-1, interleukin-6 and other cytokines produced 
by the neoplastic cells. A large variety of miscellaneous diseases may cause prolonged fevers 
(see Box 30-2). However, a clear diagnosis is never obtained in 25% to 67% of patients who 

Table 30-1
Diagnoses of Prolonged Fever in Children

AGE

DIAGNOSIS �6 YEARS �6 YEARS TOTAL

Infection

Viral 14 (27%) 7 (15%)  21

Nonviral 20 (38%) 11 (23%)  31

Other

Collagen 4 (8%) 16 (33%)  20

Malignancy 4 (8%) 2 (4%)   6

Miscellaneous 7 (13%) 3 (6%)  10

No diagnosis 3 (6%) 9 (19%)  12

Total 52 48 100

From Pizzo PA, Lovejoy FH, Smith DH. Prolonged fever in children: review of 100 cases. Pediatrics. 
1975;55(4):468–473.
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have persistent fever.8,12,20 Th ese fevers are the genuine FUOs. Most of these patients seem 
to do well, and the fever eventually disappears after months or even years.21

Some patients have fevers that do not satisfy the classic defi nition of FUO. Instead, they 
have recurrent fevers that are associated with a well-defi ned constellation of symptoms each 
time. Th e most common of these periodic fever syndromes is PFAPA.7 Th is nonhereditary 
autoinfl ammatory syndrome has its onset before the age of 3 years, is associated with a 
sudden fever to 39°C to 40°C (102°F–104°F) lasting 3 to 5 days. Also present are anorexia, 
mild oral ulcerations with pharyngitis, cervical lymphadenopathy, an increased white blood 
cell count, and an increased erythrocyte sedimentation rate (ESR). Th is constellation of 
symptoms returns every 3 to 6 weeks. A single dose of corticosteroids may quickly resolve 
the symptoms of individual episodes.22 In the longest follow-up study available,23 the aver-
age time until resolution of symptoms was 6.3 years, but some patients still had symptoms 
18 years later. Removal of adenoids/tonsils has been associated with resolution but it is not 
always eff ective.

Other periodic fever syndromes include cyclic neutropenia, familial Mediterranean fever, 
hyperimmunoglobulinemia D and periodic fever syndrome (HIDS, or mevalonate kinase 
defi ciency), and tumor necrosis factor receptor–associated periodic syndrome (TRAPS). 
Th ese syndromes are found in various populations around the world and are associated with 
known gene mutations.7,24 Th e primary care physician should therefore know the patient’s 
race, ethnicity, and country of origin because these factors may provide clues to a specifi c 
periodic fever syndrome.

 EVALUATION
History
Whether the child has a true FUO or a pseudo-FUO cannot be determined without a precise 
history and thorough physical examination, with the physician paying close attention to 
behavioral, social, familial, and environmental factors. Information regarding travel, patient 
residence if outside the United States, animal exposure, frequency of exposure to other 
persons who have common febrile illnesses, previous illness, hospitalizations, medications, 
family history of disease, race and ethnicity, and the precise course of the exhibiting symp-
toms must be obtained methodically and effi  ciently. Meticulous documentation of dates is 
especially important. To this end, having the family record on a calendar both the daily time 
and height of the fever, along with associated symptoms, is usually helpful.

For children older than 11 to 12 years, a separate interview should be conducted alone 
with the child to obtain the child’s perspective on the illness and to elicit information that 
may be diffi  cult to express in the presence of parents. School, peer relationships, family 
functioning, and sexual identity and activity should be explored.

Physical Examination
A full physical examination must be performed. Rectal temperature, respiratory rate, heart 
rate, and blood pressure measurements should be obtained. Any discrepancy between 
heart rate and temperature may imply factitious fever. A thorough examination of the respira-
tory tract is indicated. Inspection of the tongue and gums for aphthous ulcers, pharynx for 
hyperemia and exudate, the tympanic membranes for chronic otitis media, and the nose for a 
purulent nasal discharge, and auscultation of the chest for localized wheezing are all important. 
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In the older child, an examination of the teeth to exclude dental caries and periodontal disease 
should be included. A new cardiac murmur may be a clue to rheumatic fever or infective 
endocarditis. A careful abdominal exam may demonstrate an enlarged and/or tender liver, 
splenomegaly, generalized tenderness, or a mass. Lymphadenopathy, especially if generalized, 
may suggest a viral infection, such as infectious mononucleosis, cytomegalovirus infection, 
toxoplasmosis, or HIV infection, but could also suggest leukemia. If lymphadenopathy is 
limited to the cervical areas, the physician should consider periodic fever syndrome, Kawasaki 
disease, Kikuchi-Fujimoto disease, and cat-scratch disease. Joints must be examined meticu-
lously for swelling, restricted range of motion, and tenderness. Skin rashes may suggest a viral 
disease, a tick-borne disease, infectious mononucleosis, or an autoimmune disease such as 
juvenile idiopathic arthritis. Th e absence of sweating and the presence of a smooth tongue 
are consistent with familial dysautonomia, a rare genetic disorder of thermoregulation. 
Finally, a rectal examination in the older child and a stool guaiac test are imperative; fi nding 
pararectal lymphadenopathy may suggest a pelvic infection, and a positive stool guaiac test 
may be consistent with infl ammatory bowel disease.

Laboratory Evaluation
If the history and physical examination disclose no specifi c fi ndings and growth is normal, 
then only simple diagnostic tests are indicated. Routine blood counts and urinalyses have not 
been shown to be particularly useful, although no one advocates their elimination from the 
workup. A purifi ed protein derivative tuberculin skin test or interferon-gamma release assay 
(IGRA) should be done to detect tuberculosis. Negative blood, urine, and throat cultures 
exclude infections of these areas. One should be careful to recognize that if there is a group 
A strep positive throat culture without symptoms or physical fi ndings of pharyngitis, one 
should assume that the throat is colonized with group A strep and this is not the etiology 
of the fever.

Probably the most useful laboratory tests are the ESR, C-reactive protein (CRP), albumin-
globulin ratio, LDH, and uric acid. If the ESR is more than 30, the CRP is elevated, or 
the albumin-globulin ratio is inverted, then a higher probability of serious disease exists, 
particularly an autoimmune vascular disease or a malignancy. Signifi cantly elevated LDH 
and uric acid suggest tissue breakdown often associated with lymphoproliferative disease 
or other malignancy. A signifi cantly elevated ferritin is usually present in hemophagocytic 
lymphohistiocytosis (HLH) and juvenile arthritis with macrophage activation syndrome, but 
aff ected children are usually very ill and clearly require hospitalization. Further evaluation 
should be vigorously pursued.

Th e remainder of the evaluation should be individualized based on historical and clinical 
fi ndings. Because infectious causes are the most common, pursuing specifi c serologic tests for 
such diseases as hepatitis A and B, Epstein-Barr virus infection (infectious mononucleosis), 
bartonellosis, toxoplasmosis, and cytomegalovirus infection are reasonable. A radioactive 
gallium (or other isotope) scan may be useful in detecting occult abscesses and infections, 
although this scan has been found to be less helpful in children than in adults.25 Total body 
computed tomographic scans may help fi nd tumors; however, if the abdomen is of primary 
concern, an abdominal ultrasound may detect signifi cant abnormalities and would avoid 
the signifi cant radiation associated with computed tomography.20 Radiologic studies of the 
sinuses, the gastrointestinal tract, and the chest all may be appropriate in certain individuals 
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but should not be routine. A bone marrow examination may occasionally help in the diagno-
sis of tuberculosis, leukemia, metastatic cancer, or fungal infections, but should be considered 
only in children who have either a clinical or laboratory fi nding suggestive of malignancy or 
who are immunocompromised.26 More recently, with the advent of sophisticated imaging 
technology, a 18F-FDG PET or PET/CT scan has been found especially helpful in diagnos-
ing sytemic-onset idiopathic juvenile arthritis, obviating further workup.27 Th e PET scans 
demonstrate areas where there is high glucose consumption, typically areas of tumor or 
infl ammation. Further evaluation of the benefi t of these types of scans is necessary.

If the ESR, CRP, albumin-globulin ratio, LDH, and uric acid are normal and no signs and 
symptoms are present that are specifi c to a particular disease, little can be gained from any of 
the tests previously mentioned. Observation and periodic evaluation are the only measures 
that are required while the physician remains alert for the occurrence of new symptoms or 
signs that might lead the investigation in a specifi c direction. Fortunately, most FUOs for 
which a cause cannot be found resolve over time.

Since it is likely that the parents and patient will be anxious about an undiagnosable 
problem, the primary care physician must be ready to provide all family members with a 
clear explanation of the evaluative process, any normal results, and reassurance. Referrals 
to pediatric infectious disease specialists, rheumatologists, specialized diagnosticians, or any 
combination of these professionals may occasionally be necessary for additional assistance 
in determining a diagnosis. However, over-referral may accentuate the anxiety of the family.

 SUMMARY
Th e evaluation of the child who has FUO must be individualized and depends on a care-
ful assessment of the history, the physical examination, and the social context of the child. 
An initial and often repeated meticulous examination of all these factors is the physician’s 
responsibility and is the fi rst stage of managing the patient. Whether hospitalization is part 
of this approach ultimately depends on the amount of parental anxiety, the necessity to 
document fever, and the need for diagnostic tests that cannot be done on an outpatient 
basis. A minimal number of diagnostic tests is usually suffi  cient to rule out serious disease 
that requires aggressive intervention and/or treatment by specifc subspecialists.

Frequent assessment of children with persistent FUO is necessary so that subtle clues for 
diagnoses are not missed, diagnostic testing is timed carefully, and the family continues to 
maintain confi dence in the physician. In the absence of any alarming symptoms, physical 
fi ndings, or results of diagnostic tests, it is important to emphasize to families and the patient 
(where appropriate) that even though the fever may last for weeks or months, children with 
FUOs generally do well.

When to Admit

Consider admission for the following patients:
• Patients in whom the accuracy of reported temperature is unclear or questionable; 

temperatures must be taken by hospital staff  or under their direct supervision.
• Patients who need multiple tests, many of which require procedural sedation. Coordi-

nating these tests together over a period of 24 to 48 hours may be more effi  cient than 
performing them individually as an outpatient.
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Fever (handout), American Academy of Pediatrics (patiented.solutions.aap.org)
• Fever (Web page), American Academy of Pediatrics (www.healthychildren.org/English/

health-issues/conditions/fever/Pages/default.aspx)
• Fever and Your Child (handout), American Academy of Pediatrics (patiented.solutions.

aap.org)

Medical Decision Support
• Red Book: 2012 Report of the Committee on Infectious Diseases, 29th ed (book), American 

Academy of Pediatrics (shop.aap.org)
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Chapter 31

Foot and Leg Problems
Benjamin Weintraub, MD

 INTRODUCTION
Parents frequently come to the physician with concerns about their children’s feet and legs, 
such as “my son is pigeon-toed,” or “my daughter is knock-kneed.” In most cases, these 
fi ndings are purely normal developmental stages seen in the growth of the lower extremities. 
For example, it is entirely normal for a toddler just starting to walk to be “bowlegged” or 
“pigeon-toed,” or for a 3-year-old to have “knock-knees.” However, it may be pathologic for 
a 10-year-old to have signifi cant genu valgus (knock-knees) or a 5-year-old to have severe 
genu varum (bowed legs). Th e physician, then, needs to understand the normal changes 
seen during growth and development to judge properly when a fi nding is pathologic and 
requires further evaluation, treatment, and referral to a specialist.

 NATURAL GROWTH OF LOWER EXTREMETIES
During the course of gestation, the lower extremities of the fetus undergo vast changes. Lower 
limb buds develop at 4 weeks’ gestation. During week 6, the lower limbs begin to fl ex toward 
the parasagittal plane, and then proceed to rotate medially so that the knee points cranially 
and the great toe is brought to the midline. By term, 80% of babies are in the classic fetal 
position with knees and hips fl exed, hips externally rotated, and ankles plantar-fl exed and 
internally rotated. Th is tightly packaged position conveniently helps drive the femoral head 
into the acetabulum, thereby aiding in the development of the hip socket. It also leads to a 
number of transient conditions that self-resolve over time but until then may cause signifi -
cant parental anxiety: pigeon toeing and bow legs, or more precisely, internal tibial torsion, 
metatarsus adductus, and medial femoral anteversion.

Of the remaining 20% not in the usual fetal position, most are in a position with hips 
and knees fl exed, ankles dorsifl exed, and legs and feet externally rotated, which can lead to 
external tibial torsion, calcaneovalgus feet, and out-toeing.

After birth, the fi rst of these “packaging defects” to self-correct is metatarsus adductus. 
Th is medial deviation of the forefoot usually either self-resolves or can be corrected by 
1 year of age with simple stretching. Tibial bowing is next to resolve by about age 2 to 
4 years. Bowing is usually followed by the appearance of an increasingly knock-kneed 
or genu valgus stance from 3 to 5 years of age. By the end of the fi rst decade of life, 
tibial torsion goes from a mean of 5 degrees medial torsion to 10 degrees lateral torsion, 
and femoral anteversion decreases from about 40 degrees at birth to about 10 degrees. 
Th e result is a lateral rotation of the lower extremity during growth and a gradual decline 
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in the degree of genu valgus until the normal adult stance of minimal genu valgum is 
reached at maturity (Figure 31-1).

Most functional deformities of the legs and feet are self-correcting in time through this 
normal developmental progression of the lower extremities. In the past, many of these 
rotational and positional deformities were treated with stretching, bracing, and even cast-
ing. However, studies of these functional deformities comparing treated versus untreated 
paired-control groups have demonstrated the relative ineff ectiveness of treatment for these 
conditions. Th erefore, most physicians choose watchful waiting for these conditions because 
children naturally grow out of them. A more detailed discussion of these conditions follows.1-3

 ORTHOPEDIC TERMINOLOGY
Orthopedists use a standard terminology to describe positional and structural variations 
of the lower extremities. In general, the joint that is primarily involved in the condition 
constitutes the fi rst word; the subsequent word or words relate to the positioning of 
the extremity relative to the midline of the body. For example, coxa vara is a condition 
of the hip (coxa) that results in a deviation of the leg toward the midline (varus posi-
tion). Th e orthopedic terms in Box 31-1 have special reference to abnormalities of the 
feet and legs.

 ROTATIONAL DEFORMITIES
In-toeing and Out-toeing
Rotational deformities of the lower extremities are the most common cause of in-toeing and 
out-toeing. With in-toeing (pigeon toe), the foot turns inward more than expected during 
walking or running relative to the line of progression; with out-toeing, the foot turns outward 
more than expected. Parents, seeing either in-toeing or out-toeing, often become concerned 
that some intervention is needed. In most cases, these deformities are physiologic, related to 
normal growth and development, and the appropriate intervention is reassurance.

  Figure 31-1
 Positional deformities of the foot and ankle.  A,  Varus.  B,  Valgus.  C,  Equinus.  D,  Talipes calcaneus.  
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In-toeing and out-toeing may be seen at all ages and are caused by a variety of conditions 
aff ecting the feet, ankles, legs, knees, and hips. In general, with in-toeing, if the child’s patel-
lae are rotated inward (kissing knees) while walking, then the underlying problem will be 
found above the knee—most commonly femoral anteversion. If the patellae face straight 
forward, then the underlying problem is likely below the knee—most commonly medial 
tibial torsion or metatarsus adductus.4 Less common causes of in-toeing include talipes 
equinovarus, metatarsus varus, and spasticity of the internal rotator muscles of the hip, as 
seen in cerebral palsy.

Excessive out-toeing, less common than in-toeing, may be seen with excessive external 
tibial torsion and femoral retroversion, or with posterior maldirection of the acetabulum, 
rigid fl at feet, and fl accid paralysis of the internal rotator muscles of the hip. Most adults 
have a mild degree of physiologic out-toeing when standing and walking.

Parents can be reassured that most cases of in-toeing and out-toeing will resolve spon-
taneously as the lower extremities fi nish growing. Although in-toeing or out-toeing may 
refl ect a variety of underlying orthopedic diseases, no evidence has been found to suggest 
that uncorrected in-toeing or out-toeing of normal developmental origin leads to any func-
tional disabilities.5

An orthopedic or neurologic evaluation should be made for any child with severe in-
toeing or out-toeing, or for an unsteady gait (especially while running) that causes stumbling. 
A referral may also be advised if a child’s condition does not follow the expected physiologic 
progression with growth.6,7

BOX 31-1

Glossary of Terms Th at Refer to Foot and Leg 
Abnormalities
• Abduction: deviation away from the midline

of the body
• Adduction: deviation toward the midline of

the body
• Cavus: medial longitudinal arch of the foot

elevated
• Equinus: foot plantar-fl exed, placing the

toes below the level of the heel
• Pes: the foot
• Planus: medial longitudinal arch of the foot

fl attened
• Talipes: congenital deformity describing a

foot that is twisted out of shape or position
• Talipes calcaneus: a deformity of the foot in

which the foot is dorsifl exed
• Torsion: excessive or abnormal twisting

along the long axis
• Internal torsion: excessive or abnormal

inward twisting

• External torsion: excessive or abnormal
outward twisting

• Varus: medial or inward deviation of the
distal segment of an extremity relative to
the proximal (previous) segment

• Valgus: lateral or outward deviation of the
distal segment of an extremity relative to
the proximal (previous) segment

• Version: physiologic or normal twisting
along the long axis
• Inversion: physiologic or normal twist

inward
• Eversion: physiologic or normal twist

outward
• Anteversion: physiologic or normal twist

forward
• Retroversion: physiologic or normal twist

backward
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Metatarsus Adductus and Deformities of the Forefoot

Clinical Conditions
Deformities of the forefoot are among the earliest causes of in-toeing noted by parents. 
Th e most common and generally benign cause is metatarsus adductus (Figure 31-2), a 
condition in which the only fi nding is a fl exible adduction of the metatarsals at the 
tarsometatarsal joints. Th e incidence of metatarsus adductus is generally reported to be 
approximately 1 in 1,000 live births, but in some studies it is reported to be as high as 
1 in 100. Th ere is a slightly higher incidence in the left foot than the right, and 50% to 
60% of cases occur bilaterally.8

Th e diff erential diagnosis of metatarsus adductus includes the uncommon con-
ditions talipes varus, metatarsus varus, and clubfoot. Talipes varus (Figure 31-3) is a 
condition in which the entire foot is inverted and the forefoot is adducted. In 
metatarsus varus (Figure 31-4), the forefoot is inverted and adducted while the hind-
foot and heel are in the normal position. Talipes varus and metatarsus varus have been 
considered lesser degrees of clubfoot and are fi xed deformities of the foot that require 
early treatment.2

Evaluation

Relevant History
Although its exact cause has not been established, metatarsus adductus is widely considered 
a packaging defect. Th ere may be a history of oligohydramnios, uterine fi broids, multiple 

  Figure 31-2
Photocopy of the feet of a 9-month-old infant with bilateral metatarsus adductus. (From Greene WB. 
Metatarsus adductus and skewfoot. Instr Course Lect. 1994;43:161–177. Reproduced with permission 
from American Academy of Orthopaedic Surgeons.)
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gestation, or other cause of a crowded intrauterine environment; but such a history is not 
necessary for making the diagnosis. Metatarsus adductus was previously thought to be asso-
ciated with developmental hip dysplasia. However, more recent studies do not support the 
association, and an ultrasound of the hips is no longer required as part of the workup of 
metatarsus adductus.3

Physical Examination
Metatarsus adductus is graded by both the degree of adduction and the fl exibility of the 
deformity. Th e severity of adduction is graded by the heel bisector method. Normally, a line 
bisecting the heel and sole longitudinally lines up approximately with the second toe. In 

Talipes varus

  Figure 31-3
Talipes varus. The entire foot is twisted inward on its longitudinal axis, and the forefoot is adducted.  

Metatarsus varus

  Figure 31-4
 Bilateral metatarsus varus. The forefoot is inverted and adducted, and the lateral border of the foot is 
convex. The hindfoot is in a neutral position.  
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mild metatarsus adductus, the heel bisector line falls through the third toe, whereas in severe 
metatarsus adductus, the line falls between the fourth and fi fth toes. Th e heel bisector line 
can be assessed directly on the child’s foot, or the child may be stood up on a photocopy 
machine to take a photograph of the soles of the feet. A bisector line can then be drawn 
on the photocopy. An advantage of this method is that it allows for easy tracking of the 
condition over time.

Next, fl exibility of the forefoot should be assessed by holding the heel and abducting 
the forefoot. With a fl exible foot, the second toe can be easily brought in line with or even 
past the heel bisector line. If the foot is not fl exible, then the defect is more consistent with 
metatarsus varus or talipes varus, and referral should be made to an orthopedist.8,9

Imaging
Radiographic examination is necessary only when there is limited fl exibility of the forefoot 
to evaluate for talipes varus and metatarsus varus.

Management
Metatarsus adductus is a functional deformity and requires minimal if any treatment because 
most cases correct spontaneously during the fi rst year of life. Parents may be instructed to 
perform simple stretching exercises of the child’s foot. Th e parent holds the heel in place 
and puts gentle pressure on the medial side of the foot with the other hand, stretching the 
midfoot and bringing the foot into normal or even slightly overcorrected position. Th is 
stretch can be held for several seconds and repeated 5 to 10 times with each diaper change. 
About 85% to 90% of cases will resolve by 8 to 12 months of age with this simple manage-
ment. If some improvement is not seen by 6 months of age, referral to a specialist should be 
made. Most of these refractory cases can be treated successfully with serial casting. Whether 
through spontaneous resolution or with treatment, nearly all cases of metatarsus adductus 
resolve without any long-term complications.2,3

Talipes varus and metatarsus varus are fi xed deformities of the foot that require early 
referral and treatment. Treatment consists of serial casting, long-leg splints that abduct 
the forefoot, or both. Abduction stretching exercises and outfl are shoes may be used as an 
adjunct to cast treatment but should not be relied on as the only therapy. Th e sooner therapy 
is initiated, the better the outcome.

Tibial Torsion

Natural History and Presentation
Tibial torsion is the rotation of the tibia on its longitudinal axis. Most infants are born 
with internal tibial torsion resulting from normal growth and the classic fetal position in 
utero. Th is turning inward results in mild in-toeing at birth for many infants. Th e average 
tibial torsion in infancy is −5 degrees (5 degrees of internal tibial torsion). An increased 
degree of internal tibial torsion is a common cause of in-toeing in toddlers up to age 
3 or 4 years. As the child grows, the tibia externally rotates until a mild degree of 
external tibial torsion is reached in later childhood. Adults have an average external tibial 
torsion of �15 to �25 degrees, which accounts for the standard mild out-toeing posi-
tion seen in adulthood. Th ere is no evidence that patients with unresolved internal tibial 
torsion experience any increased incidence of knee pain, arthritis, or other conditions 
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later in life. External tibial torsion in early childhood is much less common. It may 
be idiopathic, or it can be seen with calcaneovalgus foot deformities, as compensation 
for persistent severe femoral anteversion, or associated with tight iliotibial bands. As 
the tibia normally undergoes external rotation during growth, external tibial torsion 
may actually worsen over time rather than improve.

Pathologic degrees of internal and external tibial torsion are rare and may occur with 
other signifi cant deformities of the hips or lower extremities, or as a result of improperly 
applied casts or braces.6,8,10

Evaluation

Physical Examination
Th e easiest way to assess tibial rotation is to measure the thigh–foot angle, which is 
the axis of the foot relative to the axis of the thigh (see Figures 31-5 and 31-6). Th e 
infant or child should be placed prone on the abdomen with the knees together 
and bent to 90 degrees and the ankles in neutral position. Th e acute angle made between 
the axis of the femur and the heel bisector is the thigh–foot angle. An internal or 
negative angle indicates internal rotation; an external or positive angle indicates exter-
nal rotation. Th e normal thigh–foot angle at birth ranges widely from −35 degrees to 
�40 degrees, with a mean of −5 degrees. Th igh–foot angles of �10 degrees and �15 
to �25 degrees are the average seen in older children and adults, respectively.2,9,10

0º

30º

  Figure 31-5
 Thigh-foot angle: normal range.  (From Alexander IJ.  The Foot: Examination and Diagnosis . New York, NY: 
Churchill Livingstone; 1990. Copyright © 1990, Elsevier, with permission.)          
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Imaging
Although studies have shown computed tomography scanning to be an excellent method for 
measuring the exact degree of tibial torsion, imaging is not required in most cases: physical 
examination is generally suffi  cient.

Management
In the past, various forms of bracing, such as Denis Browne splints, were used to treat internal 
tibial torsion. However, because it is now understood that this condition resolves on its own 
over time, treatment of primary internal tibial torsion is no longer recommended. Even tod-
dlers who may occasionally trip over their toes as a result of increased internal tibial torsion 
generally do not need treatment and outgrow the condition by age 6 years. Th e mainstay of 
treatment is parental reassurance and education about the natural growth and development 
of the legs. In very rare cases, when severe residual internal tibial torsion is aff ecting func-
tion, derotational osteotomies may be required. Surgery should be delayed until at least 8 to 
10 years of age to ensure that the issue does not self-correct. Surgery may also be required 
for the rare case of signifi cant external tibial torsion that interferes with function.10

Femoral Anteversion 
Femoral anteversion is the increased internal rotation or twisting of the femoral neck ante-
riorly relative to the femoral condyles; femoral retroversion is the extreme twisting of the 

  Figure 31-6
 Bilateral internal tibial torsion.  (From Alexander IJ.  The Foot: Examination and Diagnosis . New York, NY: 
Churchill Livingstone; 1990. Copyright © 1990, Elsevier, with permission.)           
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femoral neck posteriorly relative to the femoral condyles. Femoral anteversion is greatest 
at birth (about 40 degrees) and gradually declines to adult values of 10 to 15 degrees by 
age 8 years. Femoral anteversion is the most common cause of in-toeing seen in preschool-
aged children. Conversely, femoral retroversion is an uncommon condition that results 
in an out-toeing gait. New onset of femoral retroversion may occur in older children in 
the setting of slipped capital femoral epiphysis (SCFE).8

Natural History and Presentation
In utero and postnatal positioning of the legs and hips produces stresses that are thought 
to bring about these rotational deformities of the femoral neck. Th e true incidence of 
excessive anteversion and retroversion is not known. However, femoral anteversion is 
much more common and occurs twice as frequently in girls as in boys.

Evaluation

Physical Examination
Parents of a child with femoral anteversion may express concerns about kissing knees, 
in-toeing, or a clumsy gait, or they may note that the child will not or cannot sit in 
the modifi ed lotus position but rather prefers to “W” sit.

Th e best manner in which to assess for femoral anteversion or retroversion is to place 
the child in the prone position with the knees fl exed to 90 degrees. To measure hip rota-
tion, the lower leg is used as a pointer, and the legs are rotated through the axis of the hip 
joint (Figures 31-7 and 31-8). Normally the examiner should be able to move the hip 
through approximately 50 degrees of internal and 40 degrees of external rotation. With 
excessive femoral anteversion, there will be increased internal rotation of the hip of at least 
60 to 65 and sometimes as much as 80 to 90 degrees, along with a decrease in external 
rotation to less than 20 degrees. With excessive femoral retroversion, there will be increased 
external rotation and decreased internal rotation. Until 1 or 2 years of age, the clinical 
measurement of hip rotation using this method is limited by the physiologic tightness of 
the hip joint capsule.5

Imaging
Imaging is only required with severe femoral anteversion. New-onset, severe, or worsening 
femoral retroversion, however, can be associated with SCFE or other hip disorders, and 
radiographs should be obtained.

Management
Most femoral torsion deformities correct themselves by 7 years of age. Children with 
pronounced femoral anteversion often are noted to sit in a “W” position with the child’s 
bottom fi rmly planted between the feet. It is unclear if this sitting position contributes to 
the development of femoral anteversion, or if children with preexisting femoral antever-
sion fi nd this position to be more comfortable. Parents who feel the need to intervene can 
encourage their child to sit in a modifi ed lotus or Indian-style position, while discouraging 
sitting in the “W” position. Th ey should be informed that these interventions are more 
anecdotal than evidence based. Th e use of splints is contraindicated, and corrective shoes 
are of no value.
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  Figure 31-7
 Starting position for measuring hip rotation with the hip extended while the child is in the prone position. 
 (Reprinted with permission from  Joint Motion Method of Measuring and Recording . Rosemont, IL: American 
Academy of Orthopedic Surgeons; 1965.)          

An orthopedist should be consulted if the femoral anteversion does not follow the typical 
pattern of improvement with growth, if it is associated with diffi  culty walking or running, 
or if signifi cant asymmetry of the anteversion exists between the 2 legs. Orthopedic treat-
ment may consist of the use of a bivalve lower trunk and leg cast during sleeping hours 
or, in rare cases, a derotation osteotomy of the middle or lower femoral shaft. It remains 
unclear whether untreated excessive femoral anteversion contributes to early degenerative 
changes and osteoarthritis of the hip. Stronger evidence indicates that persistent excessive 
femoral retroversion may be associated with degenerative changes, and therefore referral to 
an orthopedist may be warranted. With femoral retroversion, immediate referral should be 
made if radiographs reveal SCFE.7,10

 PATHOLOGIC BOWED LEGS AND KNOCK-KNEES
Genu varum (bowed legs) is an angular deformity at the knee with the tibia adducted (varus) 
in relation to the femur. Genu valgum (knock-knees) is characterized by alignment of the 
knee with the tibia abducted (valgus) in relation to the femur. Th ese conditions are generally 
part of the normal growth and development of the lower extremities. Bowed legs, normal 
at birth, start to correct once children begin to walk and are usually fully resolved by 2 to 
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3 years of age. Children then become increasingly knock-kneed by age 3 to 4 years, with 
ultimate resolution over the next several years.2

Differential Diagnosis
Although bowed legs and knock-knees are normal at various stages of growth and develop-
ment, extremes of either of these conditions, unilateral presentation, or their persistence 
beyond the normal time of resolution may indicate an underlying pathology. Extreme degrees 
of physiologic bowing of the legs may occur in the young child, and although even this usu-
ally resolves over time without treatment, a basic evaluation should be performed to ensure 
there is no underlying pathology (Figure 31-9).

Genu varum (bowed legs), when extreme, unilateral, or persistent, may result from a 
variety of conditions, including rickets, chondroplasia, osteogenesis imperfecta, osteochon-
dritis, neuromuscular disorders, or Blount disease. In addition, trauma, infection, or tumor 
involving the medial proximal epiphysis of the tibia can result in genu varum.

Genu valgum (knock-knees) is often associated with pronation and is more frequently 
seen in the overweight child. Causes of severe bilateral genu valgum include rickets, renal 
osteodystrophy, and skeletal dysplasia. Unilateral genu valgum may be a result of trauma, 
infection, or tumors involving the lateral proximal epiphysis of the tibia (Figure 31-10).9
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  Figure 31-8
 Internal rotation.  (Reprinted with permission from  Joint Motion Method of Measuring and Recording . 
Rosemont, IL: American Academy of Orthopedic Surgeons; 1965.)           
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  Figure 31-10
Clinical photograph of boy referred for evaluation of “knock-knees.” The patient was considered to be 
within normal limits. (From Greene WB. Genu varum and genu valgum in children. Instr Course Lect. 
1994;43:151–159. Reproduced with permission from American Academy of Orthopaedic Surgeons.)

  Figure 31-9
Normal progression from bowlegs of infancy through slow evolution to a physiologic valgus angle of about 
12° at 3 years of age. (From Gómez JE. Growth and maturation. In: Harris SA, Anderson SJ, eds. Care of the 
Young Athlete. 2nd ed. Elk Grove Village, IL: American Academy of Pediatrics; 2010:18)
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Evaluation

Pertinent History
When evaluating severe or abnormal genu varum or valgus, a family history of metabolic, 
renal, or skeletal diseases should be elicited, along with any history of prior trauma, endo-
crine, metabolic, or bone abnormalities.

Physical Examination
Th e best way to track the progression of genu varum is to lay the patient down supine, 
place the ankles together, and measure the distance between the knees. Th is distance can 
be followed over time and can be used as a simple way to demonstrate to a parent that the 
issue is self-resolving. Similarly, the degree of genu valgum can be tracked by measuring 
the distance between the medial malleoli when the child is standing with the knees 
together.

Imaging
With extreme or unilateral genu valgum or genu varum, radiographic examination should 
be obtained to exclude rickets, chondroplasia, osteogenesis imperfecta, osteochondritis, 
Blount disease, injury to the proximal epiphysis of the tibia, or other pathologic process. 
Additional targeted laboratory evaluation for underlying metabolic conditions may also 
be indicated.

Management
Simple observation and reassurance are all that are required for physiologic genu varum 
and genu valgum because these conditions spontaneously correct 99% of the time. When 
identifi ed, underlying causes of extreme varus or valgum deformities must be eff ectively 
treated to improve angulation. Treatment of severe bowing or knocking of the knees 
caused by underlying disease is determined by the nature of the condition and may include 
wedge osteotomy, epiphyseal stapling, or nutritional, hormonal therapy. Treatment of 
mild cases of Blount disease may be attempted with bracing; more severe cases often 
require surgery.3

 CLUBFOOT
General
Clubfoot or talipes equinovarus is a pathologic condition in which the foot and ankle 
are rigidly inverted, adducted, and plantar-fl exed, resulting in a clubbing appearance 
(Figure 31-11). Clubfoot can easily be distinguished from benign packaging deformities of 
the foot that frequently occur in newborns; whereas functional deformities can be placed 
into normal physiologic position and usually even overcorrected, clubfoot is a rigid deformity 
that cannot be placed into normal alignment.

The differential diagnosis of clubfoot includes severe metatarsus adductus, 
talipes varus and metatarsus varus, and calcaneovalgus foot, which is characterized by 
eversion of the heel and forefoot, abduction of the forefoot, and dorsiflexion of 
the entire foot (Figure 31-12). Calcaneovalgus foot generally resolves in time with 
stretching exercises.
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Evaluation

Relevant History
Th e cause of congenital clubfoot is unknown. Although it can be associated with conditions 
such as spina bifi da, trisomy 18, or congenital constriction band syndrome, clubfoot occurs 
as an isolated deformity in otherwise normal newborns in 80% of cases. Inheritance of 
idiopathic clubfoot seems to be multifactorial, and a specifi c genetic cause has not yet been 
identifi ed. Th e incidence of clubfoot is approximately 1 in every 1,000 live births. It occurs 
bilaterally in 50% of cases and aff ects boys twice as frequently as girls. Th ere is a 3% to 4% 
risk for recurrence in a family if a prior sibling had clubfoot. When a parent and sibling are 
aff ected, future children have upward of a 25% risk. Clubfoot can also develop later in life 

  Figure 31-12
Clinical photograph of a calcaneovalgus foot in a neonate. (From Sarwark JF, ed. Essentials of Musculoskeletal 
Care. 4th ed. Rosemont, IL: American Academy of Orthopaedic Surgeons; 2010. Reproduced with 
permission.)

  Figure 31-11
Bilateral congenital clubfoot seen in a newborn. (From Sarwark JF, ed. Essentials of Musculoskeletal Care. 
4th ed. Rosemont, IL: American Academy of Orthopaedic Surgeons; 2010. Reproduced with permission.)
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as a result of neuromuscular conditions such as arthrogryposis and meningomyelocele, and 
even as a neurologic complication of Wilson disease.9

Physical Examination
Four main components combine to form the defective foot and ankle of a clubfoot: signifi -
cant and uncorrectable plantar fl exion of the ankle; heel and hindfoot adduction; high arch 
(cavus) at the midfoot; and severe adduction of the forefoot. All combined, the result is a 
rigidly plantar-fl exed, medially rotated, and twisted foot and ankle that cannot be passively 
manipulated into a normal foot position.

When clubfoot is present, an evaluation for associated neurologic, muscular, or other 
skeletal anomalies should be performed.3,9

Imaging
Although radiographic examination is not generally required for diagnosis, it is useful to 
delineate the pathologic fi ndings and guide management.

Management
For pediatricians, treatment of clubfoot entails early and immediate referral to a pediatric 
orthopedist for either serial casting or surgery. Some institutions report extremely high 
success rates with serial casting beginning in the fi rst weeks of life and continuing through 
several months of age. Rates of recurrence vary after correction by manipulation alone. 
Recurrence after casting is most common within the fi rst 2 to 3 years but may still happen 
as late as 5 to 7 years of age. Surgical correction (tenotomy, muscle transplantation, and 
arthrodesis) may be required in severe cases, when conservative management fails, or as a 
result of recurrence when the child is older. Recurrence is much less likely after surgical 
correction, although functional outcomes are not necessarily improved compared with 
more conservative measures. Even with successful treatment, the aff ected foot is generally 
smaller and less mobile than a normal foot. Early initiation of therapy increases the suc-
cess rate of manipulative or conservative management and therefore decreases the need for 
surgical intervention.3

 FLATFOOT
Pes planus, or fl atfoot, is a very common condition in childhood characterized by the loss or 
absence of the medial longitudinal arch when weight bearing. It is associated with a pronated 
gait and stance, eversion of the calcaneus and valgus position of the heel, and prominence of 
the medial talar head. Th e condition is best divided into 2 main categories: fl exible fl atfoot 
and rigid fl atfoot. Th ere is signifi cant disagreement about the clinical importance of fl exible 
fl atfoot, if any, and its treatment. Rigid fl atfoot is more likely to be clinically signifi cant and 
to require treatment, although disagreement exists about this condition as well.

Flexible Flatfoot
Infants are born with fl at feet. Th e normal medial longitudinal arch does not begin forming 
until about 3 years of age and continues to develop for several years. Th e prevalence of fl ex-
ible fl atfoot in one study was shown to decrease on average from 54% at 3 years to 24% by 
6 years of age. Boys seem twice as likely as girls to have fl atfoot at 6 years of age. Overweight 
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and obesity also increase the risk for fl exible fl atfoot.11 By adulthood, the prevalence of 
fl atfoot is closer to 10% to 20%.

Prevailing opinion in the past was that fl atfoot was a cause of foot, leg, and back pain, 
and that it interfered with physical activity. Th is, however, is now not so clear. Some 
studies suggest that people with fl atfoot walk more slowly and have decreased physical 
performance, whereas other studies, one involving military recruits and one involving 
teenagers, showed neither disadvantages in performance nor increased injury rates with 
fl atfoot. In short, there remains a lack of general consensus on the clinical signifi cance of 
this condition.12,14

Physical Examination
Th e diagnosis of fl exible fl atfoot is made clinically; imaging is not required. Th e patient’s foot 
should be examined while he or she is standing. If fl atfoot is present, the examiner will notice 
a collapse of the medial longitudinal arch and ankle pronation with valgus heel position 
(Figure 31-13). When viewed from behind, the Achilles tendon is noted to bend medially 
before arcing back laterally toward the everted calcaneus. To be certain that the condition 
is fl exible, the examiner should have the patient stand on tiptoe: in fl exible fl atfoot, the 
medial longitudinal arch of the foot will return; with rigid fl atfoot, the sole remains fl at.

Treatment
Treatment of fl exible fl atfoot remains controversial. If fl atfoot is not causing any problems, 
no treatment is needed beyond parental reassurance. In cases in which the condition seems 
to be contributing to pain and discomfort or impairing function, fl atfoot can be managed 
conservatively with arch support inserts. If the condition is associated with tight Achilles 
tendons, stretching may be a benefi cial part of treatment.15

Rigid Flatfoot
Unlike fl exible fl atfoot, rigid fl atfoot is more likely to represent a pathologic condition. It 
can result from tarsal coalition (fusion of 1 or more of the tarsal bones) or vertical talus. Two 
types of tarsal coalitions have been identifi ed: calcaneonavicular coalition, which involves 
the calcaneus and the navicular bones; and talocalcaneal coalition, in which the calcaneus 
is coalesced to the talus. Congenital rigid fl atfoot occurs in approximately 1% of the 

A B

  Figure 31-13
Medial (A) and posterior (B) views of fl atfoot. (From Sarwark JF, ed. Essentials of Musculoskeletal Care. 
4th ed. Rosemont, IL: American Academy of Orthopaedic Surgeons; 2010. Reproduced with permission.)



Foot and Leg Problems 387

population and frequently is bilateral. Rigid fl atfoot may also be acquired from trauma, 
infection, an arthritic process, or neuromuscular disease. In these cases, the condition may 
be progressive, and any underlying condition should be treated as part of the management 
of the rigid fl atfoot.9,16

Physical Examination
Examination of a rigid fl atfoot reveals a foot with a stiff , fl attened arch in both weight-bearing 
and non–weight-bearing positions. Th ere is no return of a normal arch when standing on 
tiptoe. Th is condition is generally associated with a signifi cant degree of ankle pronation. 
Vertical talus and accessory tarsonavicular can usually be detected in the newborn by the 
presence of a bony prominence on the medial and plantar aspects of the foot, with limitation 
of plantar fl exion and inversion of the forefoot.

Tarsal coalitions are not usually detected until late childhood or adolescence, when 
the initially fi brous or cartilaginous bar connecting the hindfoot bones becomes ossifi ed, 
producing pain with walking and an inability to invert the foot. Th e foot is held in a pronated 
position with eversion of the forefoot. Th e peroneal tendons stand out prominently when 
attempts are made to invert the foot. Calcaneonavicular coalition tends to develop between 9 and 
13 years of age, whereas talocalcaneal coalition develops later, typically at 13 to 16 years of age.16

Imaging
Radiographs may be useful in identifying the exact cause of rigid fl atfoot in a patient.

Treatment
Treatment in most cases of rigid fl atfoot is with orthopedic shoes. Surgical correction is 
required only for accessory tarsonavicular or tarsal coalition if symptoms cannot be relieved 
through conservative means (only about 10% of cases) and is usually performed in adult-
hood. Vertical talus usually requires surgical correction early in infancy.16

 PES CAVUS
Pes cavus (cavus foot deformity) is an equinus deformity of the forefoot relative to the 
hindfoot, producing a very high medial longitudinal arch (Figure 31-14). It is referred to as 
clawfoot when associated with fl exion deformities of the toes. Th e primary pathologic condi-
tion is neuromuscular rather than bony, with weakness or paralysis of the intrinsic muscles 
of the foot and its dorsifl exors leading to the deformity over time. Pes cavus is not seen at 
birth. Depending on the underlying neuromuscular disease, it usually does not develop 
until late childhood or adulthood. Pes cavus may be seen in muscular dystrophy, peripheral 
neuropathies, and diseases of the spinal cord, brainstem, and cerebral cortex. Cerebral palsy, 
meningomyelocele, poliomyelitis, Charcot-Marie-Tooth disease, and Friedreich ataxia are 
some neurologic conditions that may produce pes cavus as a late manifestation.17

Evaluation

Pertinent History
Because pes cavus is not seen at birth but rather develops over time, parents may say they 
have begun fi nding it diffi  cult to fi t shoes on their child’s feet, or they may note that the 
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foot is diff erent in appearance. A review of symptoms may reveal problems with bowel or 
bladder control consistent with spinal cord pathology.9 Th ere may be a family history of pes 
cavus because many of the conditions producing this deformity are inherited.17

Physical Examination
A high-arched foot is the main fi nding in this condition. Pes cavus takes 1 of 2 forms: 
cavovarus, in which the calcaneus is inverted with tightness of the heel cord; or calcaneo-
cavus, in which a high arch with normal heel alignment is present, usually from weakness 
of the calf muscles resulting in increased ankle dorsifl exion and increased plantar fl exion 
of the forefoot.

Imaging
Radiographic examination may be necessary if surgical management is being considered.

Management
Early treatment includes exercises designed to strengthen the aff ected muscles and application 
of metatarsal pads to the innersoles of the shoes or metatarsal bars to the outer soles. Surgical 
correction of the fi xed deformities may be required if contractures develop.

 TOE DEFORMITIES
Hallux Valgus
Hallux valgus is a common problem in which the great toe is deviated laterally and the fi rst 
metatarsal bone is deviated medially, causing a prominence to form on the medial aspect of 
the fi rst metatarsophalangeal (MTP) joint (Figure 31-15). Th e condition is more common 
in females than males, and most cases are asymptomatic and do not require treatment other 
than counseling to wear shoes with adequate toe room and to avoid high heels. Persistent 
irritation of the overlying bursa from rubbing against a shoe can lead to infl ammation and 

  Figure 31-14
Clinical photograph demonstrating pes cavus. (From Sarwark JF, ed. Essentials of Musculoskeletal Care. 
4th ed. Rosemont, IL: American Academy of Orthopaedic Surgeons; 2010. Reproduced with permission.)
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a painful bunion. Frequently, some degree of ankle pronation and fl at foot is associated 
with hallux valgus, in which case a shoe insert may help prevent progression. In severe cases, 
surgical correction may be necessary.

Hammertoe
Hammertoe describes a contracture of the proximal interphalangeal joint (PIP) in the second, 
third, fourth, or fi fth toe (Figure 31-15). In an infant, hammertoe is usually hereditary; in 
an older child, it usually results from ill-fi tting shoes. Most cases of hammertoe are mild, 
cause no pain, and can be left alone. Parents should make sure that the child has roomy shoes 
that allow the toes to stretch. More severe cases can cause pain, corns (an area of thickened 
skin overlying an area of pressure on the toes), infl ammation, and worsening contractures. 
In severe cases, surgical correction may be needed.

Mallet Toe
Mallet toe occurs less frequently than hammertoe. It is a chronic fl exion deformity of the 
distal interphalangeal joint (DIP) (Figure 31-15) that causes pressure on the tip of the toe 
resulting in callouses or nail deformities. It usually occurs at the second digit but may aff ect 
the third to fi fth toes as well. Generally caused by improperly fi tting shoes, it may also be 
idiopathic or congenital, result from trauma, or rarely result from a neuromuscular problem. 
Most cases of mallet toe are mild, fl exible, and need no treatment. When a corn develops 
over the deformity, shaving and padding will help. In the more severe cases, surgical cor-
rection can be performed.

Hallux valgus Hammertoe Mallet toe

Curly toe Polydactyly Syndactyly

Claw toe

  Figure 31-15
 Common toe anomalies.          
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Claw Toe
Claw toe involves all joints of the toe—fi xed hyperextension of the MTP joints and fl exion 
contractures at both the PIP and DIP joints (Figure 31-15). Claw toe is a rare condition 
but usually occurs in conjunction with a cavus foot, is present in neuromuscular diseases 
such as Charcot-Marie-Tooth disease, and can occur in infl ammatory conditions such as 
rheumatoid arthritis.

Curly Toe
In a child with a curly toe, the fourth or fi fth toe is usually fl exed downward and twisted 
underneath the adjacent toe (Figure 31-15). Curly toe is quite common in infancy and 
childhood. If curly toe does not cause symptoms, no treatment is needed. When the con-
dition is severe and causes irritation with shoe wear, surgical transfer of the toe fl exor can 
correct the problem.

Polydactyly
Polydactyly, the presence of an extra digit (Figure 31-15), may exist as an isolated fi nding or 
as part of a more extensive syndrome of congenital anomalies (5% of cases) such as trisomy 
13, trisomy 21, or Ellis–van Creveld syndrome. Th ere is a family history of polydactyly of 
the toes in 30% of cases, and 50% of case occur bilaterally. In 80% of cases, the extra digit 
occurs postaxially. If the extra toe is not causing problems with walking and shoe wear, no 
treatment is needed. However, the extra toe usually does cause diffi  culty and is cosmeti-
cally unacceptable for most families. In these cases, surgical excision of fully formed digits 
is generally performed after 9 to 12 months of age, whereas vestigial digits can be removed 
by suture ligation at birth.

Syndactyly
Syndactyly, the presence of webbed digits (toes) (Figure 31-15), may exist as an 
isolated fi nding or, in rare cases, as part of a more extensive syndrome of congeni-
tal anomalies. A family history of the same anomaly is often found. Syndactyly is 
quite common and rarely causes problems. Th e interconnection between 2 or more 
toes can vary from thin skin that partially connects the digits to a bony attachment 
(synostosis) between parts of the phalanges. Unlike with fi ngers where surgical separa-
tion is needed to obtain fi ner hand functions, syndactyly in the toes does not necessitate 
treatment.

Bunionette (Tailor Bunion)
Whereas a bunion forms on the great toe in association with hallux valgus, the less 
common bunionette occurs at the fi fth MTP joint. When a bunionette develops, the 
bursa over the lateral aspect of the fi fth MTP joint becomes prominent, infl amed, and 
painful. When padding does not help relieve the discomfort of a bunionette, surgical 
correction is needed.

 TOE-WALKING
Walking on the toes or the ball of the foot is a variation of normal gait often seen between 
10 and 18 months of age as toddlers begin to walk. Th is variation usually progresses 
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to a toe–heel gait and eventually to the normal heel–toe gait pattern several months 
later.11 By parental report, as many as 25% of children continue to exhibit some degree 
of toe-walking later in development.

Differential Diagnosis
Bilateral toe-walking beyond 2 years of age may be idiopathic or habitual toe-walking, but 
the diff erential diagnosis includes spastic diplegia, tethered cord, and diastematomyelia, mus-
cular dystrophy, and other neuromuscular diseases. Unilateral toe-walking may be caused by 
spastic hemiplegia, a congenitally short Achilles tendon, a shortened limb, a dislocated hip, 
or signifi cant tibial bowing on the aff ected side. Children with idiopathic toe-walking are 
able to place their feet fl at on the ground and even have normal dorsifl exion. However, they 
prefer to use a toe-walking gait. In rare, extreme cases, this can lead to Achilles contractures 
and an equinus deformity.19

Evaluation

Pertinent History
A full history should be obtained, including birth history, developmental history and mile-
stones, and history of stooling and bladder control to help fi nd cases with underlying pathol-
ogy. Children with idiopathic or habitual toe-walking exhibit otherwise normal development, 
whereas those with a spastic diplegia usually exhibit delays in attaining gross motor skills 
and walking.

Physical Examination
A thorough examination is required to rule out underlying conditions. Th e legs should be 
examined for evidence of any leg-length discrepancies, joint abnormalities, or limitation in 
range of motion. A neuromuscular examination should be performed to evaluate for spasticity 
or abnormal bulk, tone, or sensation that could indicate cerebral palsy, muscular dystrophy, 
tethered cord, or other neuromuscular disorders. In males, look for hypertrophy of the calf 
muscles and Gower sign as part of the examination for Duchenne muscular dystrophy. 
Children with simple idiopathic or habitual toe-walking will have normal neurologic and 
musculoskeletal examinations.10

Imaging
Radiographic examination is not indicated in most cases of toe-walking. Neuroimaging 
or other testing may be necessary if the toe-walking is acquired (develops after a period of 
normal gait) or underlying pathology is suggested by history or examination.

Management
Th e only treatment generally required for idiopathic toe-walking is parental reassurance. 
However, in the child with idiopathic toe-walking beyond 2 to 3 years of age, stretching 
exercises or a dorsifl exion-assist ankle–foot orthosis may be of benefi t. Older children who 
have developed mild Achilles tendon contractures from toe-walking may require serial 
casting. If any underlying pathologic cause of toe-walking is found, then treatment for the 
specifi c disorder should be initiated. Additional stretching and bracing, the use of ankle–foot 
orthoses, or casting may also be required for these children.18–20
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 SHOES
Th e foot grows to conform to the shape of the shoe. Improperly fi tted or manufactured shoes 
may be the primary cause of acquired foot deformities and problems. Shoes that do not 
fi t properly can deform an otherwise normal foot, resulting in hammertoes, hallux valgus, 
bunionettes, corns, and, ultimately, the need for surgery.

Functions of Shoes
Parents often ask the physician when their child should begin wearing shoes and what kind 
of shoe should be worn. Th e shoe has 2 functions, the most important of which is protect-
ing the feet from trauma and extreme temperatures. Th e second function of the shoe is to 
provide style. Older children will often sacrifi ce comfort for style despite parental or medical 
advice to the contrary.

Support to the foot and ankle is not a function of the shoe except when a pathologic 
condition is present. Athletes in all sports that place the feet and ankles under severe strain 
wear low shoes that have soft uppers. Ski boots are worn not to support the foot and ankle 
but to make them one with the ski, to ensure response to movements originating in the knee 
and lower leg. Babies and toddlers usually wear ankle-high shoes, not to provide support to 
the foot and ankle but to make removing the shoes more diffi  cult for the child.

Style is the only reason for a baby to wear shoes at all until the child begins walking 
outdoors or is taken out in cold weather. Some babies may gain a certain degree of stability 
from hard-sole shoes when beginning to stand, but this circumstance has not been shown to 
enhance learning to walk. In fact, shoes that are rigid prevent foot motion and may diminish 
the development of the intrinsic musculature of the feet. Properly fi tting shoes that have 
fl exible, smooth soles and soft uppers should be recommended. Th ey need not be expensive. 
Toddlers can go barefoot in a protected environment such as indoors. Sneakers are perfectly 
adequate for summer wear and for winter indoor wear for older children, but toddlers may 
stumble in sneakers, which can stick to the fl oor during the stance and step-off  phases of 
the toe–heel gait that typifi es this age group.21

Fitting Shoes
Determining the proper fi tting of shoes involves no great science. Given that the foot widens 
while standing and through the day, these measurements should be made later in the day 
with the child standing. Both feet should be measured so that the shoes can be fi tted to the 
larger foot. Th e counter should hug the heel snugly; the length should allow a fi ngerbreadth 
(½ inch) between the tip of the great toe and the top of the toe box. Th e foot should fi t 
snugly into the widest part of the shoe; the width should not crowd the ball of the foot 
and should allow the toes to extend without wrinkling the upper. While still in the store, 
parents should have the child walk in the shoes to ensure comfort. Th e shoes should not be 
expected to stretch to fi t. If shoes do not fi t, they should not be purchased. Shoes in good 
condition can be handed down to a younger sibling.

Th e frequency with which shoes should be changed depends on the rate of growth of 
the feet, the quality of the shoes, and the degree of their use. Parents are usually able to tell 
when shoes become too small (or rather, feet become too large) without professional advice. 
Th e toes will be felt to press against the toe box, and getting the shoes on or having the child 
keep them on will be increasingly diffi  cult.
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When to Refer

In-toeing and out-toeing
• Severe in-toeing
• Unsteady gait (especially while running) that causes stumbling
• Condition that does not follow the expected physiologic progression with growth
Metatarsus adductus and metatarsus varus
• Forefoot with limited fl exibility
• Condition that appears to be progressing or is not improving with growth
Tibial torsion
• Extreme rotation (especially when associated with diffi  culty walking or running)
• Signifi cant asymmetry
• Sudden proximal tibial deviation
• Condition that does not follow the typical pattern of improvement with growth
Femoral anteversion
• Extreme rotation (especially when associated with diffi  culty walking or running)
• Signifi cant asymmetry of the femoral anteversion
• Condition that does not follow the typical pattern of improvement with growth
• New-onset femoral retroversion
Bowed legs and knock-knees
• Severe, asymmetrical, or unilateral genu varum or genu valgus
• Condition that does not follow the expected physiologic progression with growth
Clubfoot
• Immediate referral to an orthopedist on diagnosis of clubfoot
Flatfoot
• Presence of a rigid fl atfoot
• Symptoms not relieved through conservative management
Pes cavus
• Referral for evaluation by a neurologist, physiatrist, or orthopedist, individually or in 

collaboration
Toe anomalies
• Referral to a podiatrist or orthopedist if the anomaly leads to pain, uncomfortable shoe 

wear, or ambulation, and if these symptoms do not respond to conservative management
Toe-walking
• Persists beyond 3 to 4 years of age
• Abnormal neuromuscular examination
• Leg-length discrepancy of �1 cm or other signifi cant physical abnormality on 

examination

TOOLS FOR PRACTICE

Engaging Patient and Family
• Flat Feet and Fallen Arches (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/orthopedic/Pages/Flat-Feet-
Fallen-Arches.aspx)

• Shoes: Finding the Right Fit (fact sheet), American Academy of Orthopaedic Surgeons 
(orthoinfo.aaos.org/topic.cfm?topic�A00143&return_link�0)

http://www.healthychildren.org/English/health-issues/conditions/orthopedic/Pages/Flat-Feet-Fallen-Arches.aspx
http://www.healthychildren.org/English/health-issues/conditions/orthopedic/Pages/Flat-Feet-Fallen-Arches.aspx
http://www.healthychildren.org/English/health-issues/conditions/orthopedic/Pages/Flat-Feet-Fallen-Arches.aspx
orthoinfo.aaos.org/topic.cfm?topic=A00143&return_link=0
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Medical Decision Support
• Essentials of Musculoskeletal Care, 4th ed (book), American Academy of Orthopaedic 

Surgeons and American Academy of Pediatrics (shop.aap.org)
• Wheeless’ Textbook of Orthopaedics (book), Duke Orthopaedics (www.wheelessonline.com)
• Children (Web page), American Academy of Orthopaedic Surgeons (orthoinfo.aaos.org/

menus/children.cfm)
• National Library of Medicine and the National Institutes of Health: Medline Plus 

(Web site), (medlineplus.gov)
• Orthoseek (Web site), (www.orthoseek.com)
• Pediatric Orthopaedic Society of North America (Web site), (www.posna.org)
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Chapter 32

Gastrointestinal Hemorrhage
Jeff rey R. Avner, MD

Most causes of gastrointestinal (GI) bleeding in children, unlike in adults, are relatively 
benign and involve small amounts of blood loss. Although rare, some GI lesions may cause 
severe bleeding and lead to life-threatening conditions. In addition, GI bleeding may be a 
symptom of systemic illness or serious underlying chronic disease.

Evaluation of GI bleeding must be systematic. Th e age of the child, the history, the physi-
cal examination, and associated symptoms help focus the workup and allow the physician to 
identify the source of the bleeding in most cases. Endoscopy and new radiologic techniques 
are particularly useful for diagnosis and management of many conditions.

Bleeding can occur at any point along the length of the GI tract, from the mouth to the 
anus. Multiple folds, coils, and villous borders of the GI mucosa provide a large surface area 
for secretion of enzymes and absorption of water and nutrients. A large vascular supply to 
the GI tract accounts for an appreciable fraction of the cardiac output, especially after meals. 
Bleeding may be arterial, venous, or both. Although most bleeds are slow and involve oozing 
from the mucosal surface, massive bleeding can result from lesions involving high-pressure 
arteries or a large, engorged venous plexus.

Acute GI bleeding may occur with or without symptoms and can originate in either the 
upper or the lower GI tract. Chronic bleeding is usually slow and intermittent and may be 
identifi ed only by occult blood in the stool. Th e slow nature of these bleeds allows the body 
ample time to compensate and preserve cardiac output. Signs of chronic bleeding include 
compensatory tachycardia, iron defi ciency anemia, fatigue, pallor, or change in stool color.

 DEFINITION OF TERMS
It is helpful to divide GI bleeding as originating from either the upper GI tract (proximal to 
the ligament of Treitz) or the lower GI tract (distal to the ligament of Treitz). In addition, 
a variety of terms describe specifi c characteristics of GI bleeding that may also give clues to 
the nature, location, and duration of the bleeding. Hematemesis is bloody vomitus, which 
usually represents bleeding proximal to the ligament of Treitz. Blood that is altered by gas-
tric acid becomes dark and coff ee ground–like in appearance. Bleeding that has little or no 
contact with gastric acid will be bright red. GI bleeding that occurs proximal to the ileocecal 
valve and is passed rectally will usually appear as melena: black, tarry, sticky stools that result 
from the denaturing of hemoglobin by intestinal bacteria and enzymes. Hematochezia (red, 
bloody stool passed rectally) usually results from distal GI bleeding. Blood is usually mixed 
with the stool or passed just before or just after defecation. Occasionally, rapid bleeding from 
an upper GI source combined with the cathartic action of blood can speed transit time and 
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cause hematochezia. Specifi c types of hematochezia include maroon-colored stools, seen with 
signifi cant bleeding usually from the distal small bowel, and currant-jelly stools, indicative 
of intestinal vascular congestion and hyperemia.

 DIFFERENTIAL DIAGNOSIS
Identifi cation of True Bleeding
Red color appearing in the stool is often assumed to be blood. However, many other sub-
stances cause change in stool color. Foods that contain a high concentration of red pigments, 
such as tomatoes, cranberries, beets, and red fruit juices and gelatin (Jell-O), can cause red 
stools. Similarly, red-colored medications such as acetaminophen and amoxicillin can be 
passed in the stools, especially if diarrhea is present. Spinach, licorice, iron, and bismuth 
(Pepto-Bismol) often lead to dark, black stools, which can be confused with true melena. 
In infants, Serratia marcescens can cause red diaper syndrome as a result of the formation of 
red pigment in soiled diapers stored for longer than 1 day.

Several biochemical tests are available to detect blood in the stool. Th e most com-
mon test, the stool guaiac, uses the peroxidase activity of hemoglobin to catalyze a color 
change on a test card or paper strip. Th is highly sensitive test is able to identify even trace 
amounts of blood. Foods that have peroxidase activity may cause false-positive results 
if eaten within 3 days of testing: red meat, liver, processed meats, and raw fruits and 
vegetables, especially melon, turnip, radishes, and horseradish. High vitamin C intake 
interferes with the peroxidase reaction and can cause false-negative results. Similarly, 
outdated guaiac cards and prolonged storage may aff ect the accuracy of the test. Stool 
guaiac cards are not accurate for testing emesis for the presence of blood because gastric 
acid can aff ect the reaction that causes the color change. Th erefore, heme testing of 
emesis should be done with guaiac cards that use a buff ered stabilized hydrogen peroxide 
solution (eg, Gastroccult).

Nongastrointestinal Source of Bleeding
Although blood is present in the GI tract, the bleeding may originate from a peripheral 
source. Th e most common example of this phenomenon occurs in the newborn period. 
Th e infant may swallow maternal blood either during delivery or when breastfeeding if the 
mother has bleeding nipples. Th e Apt-Downey test is helpful in diff erentiating maternal 
blood from infant blood. One part of the bloody stool (or gastric aspirate) is mixed with 
5 parts of water to lyse the red blood cells. After the mixture is centrifuged, 1 mL of 
0.2 normal sodium hydroxide is added to the supernatant hemoglobin solution. After 
2 minutes, fetal hemoglobin, which resists the alkaline reduction, remains pink, whereas 
maternal hemoglobin turns yellow-brown. Melena contains denatured hemoglobin and 
therefore cannot be used for the Apt-Downey test.

Swallowed blood by a child is usually the result of nosebleeds or bleeding mouth lesions. 
Th ese nasopharyngeal bleeds can mimic hematemesis or melena. Although rare in children, 
pulmonary hemorrhage may exhibit acutely as hematemesis or more chronically as melena 
and anemia. Vaginal bleeding in a newborn with estrogen withdrawal may be mistaken 
for rectal bleeding. In the menstruating teenager, vaginal blood may aff ect the accuracy of 
stool guaiac testing. Th e possibility of blood being added to the stool by a caregiver suggests 
Münchausen syndrome by proxy.
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Age at Presentation

Newborn
GI bleeding in newborns usually appears as rectal bleeding or blood suctioned from the 
stomach during routine postnatal care. In many instances, no lesion is readily discernible, 
and the bleeding resolves spontaneously and permanently. Common causes of GI bleeding in 
the fi rst 24 hours of life include maternal blood swallowed during delivery and local trauma 
after nasogastric suctioning. Hemorrhagic disease of the newborn as a result of inherited 
defi cits of coagulation factors or delay in administration of postnatal vitamin K occasionally 
produces GI bleeding, although it is more common for these disorders to show as diff use 
bleeding from venipuncture sites.

Premature infants and newborns who have low Apgar scores are at increased risk for hav-
ing gastric ulcerations and erosions that can bleed. Th ese lesions are rarely primary, usually 
resulting from asphyxia associated with a diffi  cult delivery, a cardiac lesion, or sepsis. Th e 
diagnosis is made by radiograph or upper GI endoscopy. Newborns who have persistent 
or severe gastroesophageal refl ux can develop esophagitis. Although esophageal bleeding 
is upper GI bleeding, hematemesis is rare. Rather, the slow bleeding is occult and exhibits 
more commonly with signs of anemia or guaiac-positive stools. Because a barium swallow 
has poor sensitivity, pH probe manometry and esophagoscopy are better tests for identify-
ing gastroesophageal refl ux. Treatment usually involves histamine-2 (H2) receptor blockers.

Newborns with necrotizing enterocolitis (NEC) usually have a sudden onset of bilious 
vomiting, abdominal distention, lethargy, and lower GI bleeding. Th ese symptoms usually 
occur after the fi rst feeding but may be delayed for a few weeks. NEC is most common 
in premature infants but can occasionally occur in stressed full-term infants. Up to 5% of 
neonates in intensive care units develop NEC, and the overall mortality rate may be as high 
as 30%.1 Complications of NEC include sepsis and shock. Th e diagnosis is confi rmed by the 
presence of pneumatosis intestinalis on abdominal radiograph, but this fi nding is variable. 
Th ese neonates remain hospitalized for bowel rest and intravenous antibiotics, and they 
occasionally need surgical intervention.

Intrinsic structural lesions of the GI tract are also a serious cause of lower GI bleeding 
in the newborn. Intestinal duplication, a tubular structure lined with normal GI mucosa 
adjacent to the true intestine, can be present anywhere along the GI tract. Duplications 
can cause lower GI bleeding, either acute or chronic, along with abdominal distention and 
vomiting. Th e diagnosis is confi rmed by radiograph, computed tomography (CT) scan, or 
ultrasound. Unrepaired duplications may lead to obstruction, volvulus, or perforation. A 
volvulus or malrotation of the GI tract should be suspected in any infant who has abdomi-
nal pain, bilious vomiting, and melena. However, because these symptoms and signs are 
often unreliable, the diagnosis should be considered in any newborn who vomits and has 
guaiac-positive stools. An abdominal radiograph may show loops of small bowel overrid-
ing the liver shadow, with paucity of air in the GI tract distal to the volvulus. An upper 
GI series, barium enema, or both are sometimes needed to confi rm the diagnosis. Midgut 
volvulus may also be diagnosed on CT scan or ultrasound by noting duodenal dilation, fi xed 
midline bowel, and the wrapping of the bowel and the superior mesenteric vein around the 
superior mesenteric artery (whirlpool sign). Immediate surgical repair is necessary. Vascular 
malformations can occur anywhere along the GI tract and produce slow or diff use lower 
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GI bleeding. Th e bleeding is usually painless, and the color of the blood in the stool will 
vary depending on the level of the lesion. Vascular malformations may be associated with 
cutaneous hemangiomas or cardiac defects.

Milk or soy protein allergy can begin as early as the fi rst week of life and exhibit as severe 
diarrhea, gross blood in the stool, abdominal distention, and vomiting. Older infants may 
have occult lower GI bleeding and mucus in the stool. Th e diagnosis is made by clinical 
response to withdrawal and rechallenge with the off ending protein. Infectious enteritis, 
although rare in the newborn, may appear later in the fi rst month of life. In very young 
infants, bacterial gastroenteritis, especially that caused by Salmonella spp, can cause bloody 
diarrhea with or without fever; 8% to 13% of infants may have associated bacteremia.2 
Bright-red blood streaks on the surface of the stool suggest an anal fi ssure. Often associated 
with hard stools, anal fi ssures are the most common cause of rectal bleeding. Visual inspec-
tion of the anus usually confi rms the diagnosis. Medications, such as indomethacin and 
dexamethasone, can cause mucosal erosion and GI bleeding.

Infants and Young Children
Upper GI bleeding in a young child is usually caused by mucosal lesions in the esophagus 
and the stomach. Infectious esophagitis is usually viral, but fungi can be the cause of disease 
in immunocompromised children. As infants become more mobile and dexterous, they are at 
higher risk for foreign body and toxic ingestions. Coins and small toys, when lodged in the 
esophagus, can cause drooling, vomiting, and chest pain. Persistent or unrecognized esopha-
geal foreign bodies lead to edema and erosion of the esophagus and may cause hematemesis. 
Caustic ingestion severe enough to burn the esophageal mucosa can also result in painful 
swallowing, drooling, oral burns, and hematemesis. Children who have forceful or prolonged 
vomiting may develop a rent at the gastroesophageal junction known as a Mallory-Weiss tear. 
Th e emesis becomes streaked with bright-red blood and may develop into coff ee-ground 
emesis if the tear persists. Although the bleeding is minor and usually resolves spontaneously, 
an H2-blocker may be needed to prevent continued irritation by stomach acid.

Gastroesophageal varices can occur at any age but usually occur in children younger than 
8 years. Variceal bleeding can range from slow, persistent oozing to acute massive hemateme-
sis. Physical examination usually reveals signs of portal hypertension, such as enlarged liver 
or spleen, or both. Most cases result from the cavernous transformation of the extrahepatic 
portion of the portal vein, which has been associated with umbilical vessel catheterization, 
omphalitis, or neonatal conditions associated with hypoxia, prolonged jaundice, or sepsis. 
Intrahepatic causes of cirrhosis, leading to portal hypertension that may fi rst show during 
childhood, include Wilson disease (>6 years of age), a1-antitrypsin defi ciency, biliary cir-
rhosis, and metabolic, infectious, or anatomic forms of chronic liver disease. Th ese chronic 
liver diseases also may be associated with coagulopathy and thrombocytopenia from the 
hypersplenism that usually accompanies them. If the cause of the portal hypertension is 
extrahepatic, then the bleeding may be tolerated remarkably well, in contrast to that in 
patients who have cirrhotic liver disease, in whom rapid hepatic decompensation may occur. 
Fortunately, most variceal bleeding stops spontaneously, but the incidence of rebleeding is 
high. Endoscopy confi rms the diagnosis.

Juvenile polyps are the most common cause of lower GI bleeding, reaching a peak inci-
dence in children aged 3 to 7 years. Typically, polyps are located in the colon and are simple, 
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solitary, benign hamartomatous lesions that may irritate the GI tract and cause intermittent, 
painless, bright-red rectal bleeding. Many of these polyps will autoamputate if left alone and 
are passed with the stool. Because most polyps are located within 25 cm of the anus, they 
can often be identifi ed by digital examination, air-contrast barium enema, or sigmoidoscopy 
and can be removed with snare electrocautery.

Adenomatous polyps may produce rectal bleeding as early as infancy, but they are 
managed diff erently from juvenile polyps. Juvenile polyps are benign infl ammatory lesions 
that do not cause later complications. Adenomatous polyps, conversely, are premalignant 
tumors, which may transform into a malignancy over an average period of 10 years.3 
Familial polyposis and Gardner syndrome are associated with adenomatous polyps. Juvenile 
polyposis coli (JPC) is suggested by the presence of 5 to 10 juvenile polyps; 10 or more 
polyps is considered diagnostic. JPC, which occurs in about 10% of patients who have 
colonic polyps, is associated with anemia, right-colon polyps, and adenomas.3

Meckel diverticulum, a remnant of the omphalomesenteric duct found within 2 feet of 
the ileocecal valve, is present in up to 2% of the population. Th e acid secreted by ectopic 
gastric mucosa, which is usually present in diverticula that bleed, causes peptic ulceration 
of the ileal mucosa. Meckel diverticulum typically occurs in children younger than 3 years 
and causes painless, maroon- or red-colored lower GI bleeding. Typically, the bleeding is 
severe enough to cause the hemoglobin level to fall to about 8 g/dL. Diagnosis is made by 
technetium-99 scan, which identifi es the ectopic gastric mucosa. Th is test is fairly sensitive 
but only during active bleeding; thus, a repeat scan is sometimes necessary when the suspicion 
is high. Treatment requires surgical excision.

Intussusception, the telescoping of an intestinal segment, is seen typically in children 
6 to 24 months of age. Th e occurrence is often idiopathic and usually involves invagination 
of the distal ileum through the ileocecal valve into the colon. Older children who have intus-
susception and those who have multiple recurrences may have pathologic lesions that serve 
as lead points (Meckel diverticulum, polyp, and tumor). Th e classic presentation begins with 
intermittent, severe, crampy abdominal pain, with vomiting following shortly thereafter. As 
the intussusception progresses, lethargy or paradoxical irritability develops. Guaiac-positive 
stools are seen as the bowel becomes ischemic and may progress to the passage of red bloody 
mucus, classically referred to as currant-jelly stools. Th e use of screening ultrasound has 
decreased unnecessary enemas for clinically suspected intussusception.4 Diagnosis can be 
confi rmed on ultrasound by identifi cation of the layering of intestinal mucosa as a bull’s-eye 
or coiled-spring lesion. Confi rmation of diagnosis, followed by hydrostatic reduction with 
barium or air enema, is successful in about 70% to 80% of cases, even in those with symp-
toms for more than 24 hours.5 Complications include intestinal perforation, peritonitis, 
and signifi cant bleeding.

Lymphonodular hyperplasia on the mucosa of the terminal ileum or colon may cause 
painless, blood-streaked stools. Lymphonodular hyperplasia is usually seen in children 
younger than 6 years and may be associated with food allergy.6 Diagnosis is made by endo-
scopic examination and histologic confi rmation.

Symptoms associated with infectious enterocolitis range from mild diarrhea to fever, 
abdominal cramping, and watery or mucoid stools (or both forms) with or without blood. 
Salmonella, Shigella, Yersinia, and Campylobacter spp are the most common bacterial 
causes of bloody diarrhea. Pseudomembranous colitis, caused by Clostridium diffi  cile, also 



Signs and Symptoms in Pediatrics400

causes fever, diarrhea, abdominal cramping, and bloody stools. In many instances, a history 
of recent hospitalization and antimicrobial therapy exists, but the onset of symptoms can be 
delayed for weeks. A variety of parasites, such as Entamoeba histolytica and Trichuris trichiura, 
can cause bloody diarrhea.

Systemic disease, in particular vasculitis, may be accompanied by bloody stools. Th e 
constellation of arthritis, hematuria, purpura, intestinal cramping, and bloody stools suggests 
Henoch-Schönlein purpura (HSP). Children with HSP are at increased risk for intussuscep-
tion, or they may have severe GI bleeding. Hemolytic uremic syndrome (HUS) often has 
a prodrome of hemorrhagic colitis caused by Shiga toxin–producing Escherichia coli with a 
serotype O157:H7. Th e classic triad of HUS includes thrombocytopenia, hemolytic anemia, 
and renal disease. Milk protein allergy, anal fi ssures, and congenital anatomic anomalies of 
the GI tract can also occur in this age group.

Older Children and Adolescents
Peptic ulcer disease can occur at any age but is more common in older children and ado-
lescents. Symptoms usually begin with epigastric or periumbilical pain accompanied by 
nausea. GI bleeding is evident in about 50% of children either as hematemesis or as melena. 
Helicobacter pylori, bacteria found in the gastric mucous layer or adherent to the epithelial 
lining of the stomach, has been causally associated with ulcers. H pylori infection is diagnosed 
by culture of biopsy specimens from the stomach and duodenum. Serologic tests, which 
measure specifi c H pylori immunoglobulin G antibodies, are often unreliable and, therefore, 
should be reserved for children with endoscopically diagnosed, or radiographically defi nitive, 
duodenal or gastric ulcers. Treatment, when indicated, consists of a 7- to 14-day course of 
any of a variety of antibiotic regimens together with a proton pump inhibitor.

Hemangiomas and other vascular lesions, such as hereditary hemorrhagic telangiectasia 
(Rendu-Osler-Weber syndrome), must be considered in the evaluation for painless rectal 
bleeding. Its most common form is the larger cavernous hemangioma, either polyp oid or 
diff use, extending several centimeters through the submucosa of the small or large intestine. 
Th e large bowel, specifi cally the rectum, is the area usually involved in the diff use type. 
Cutaneous vascular malformations are often present but may require scrupulous searching to 
detect. Selective arteriography or digital subtraction angiography may aid in demonstrating 
the abnormal vessels if they are not visible on direct inspection.

Infl ammatory bowel disease may appear in the adolescent age group as episodes of bloody 
diarrhea, cramping, and tenesmus. Th e course may be atypical in children, making the 
diagnosis diffi  cult. Growth failure, weight loss, or anemia with evidence of recurrent bouts 
of GI bleeding should alert the physician to the diagnosis, which colonoscopy and biopsy 
usually confi rm. 

 EVALUATION OF PATIENTS WHO HAVE GASTROINTESTINAL 
BLEEDING

When evaluating a patient who has GI blood loss, the physician should keep 2 goals in mind. 
First, the severity of the blood loss must be assessed quickly to expedite appropriate resuscita-
tive measures. Second, the physician must consider the most likely causes so that problems 
requiring immediate surgery can be separated from those requiring medical evaluation and 
management. Th e workup is based on the patient’s age and history, the clinical appearance, 
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and the physician’s familiarity with the patient. A list of lesions commonly associated with GI 
bleeding is provided in Box 32-1.

Relevant History
A detailed history may help the physician determine the location and duration of the bleed-
ing. Particular attention should be paid to the color of the stool and emesis and whether a 
change has occurred in the preceding days or weeks. Massive amounts of red blood from the 
mouth or rectum are readily apparent to the parent and the patient. However, the impor-
tance of maroon or tarry stools as a sign of GI bleeding may not be appreciated unless the 
physician asks.

Antecedent symptoms are also a key to identifying many diseases. Vomiting that progresses 
from bile stained to bloody is seen with intestinal obstruction (volvulus, intussusception, NEC) 

BOX 32-1

Causes of Gastrointestinal Bleeding
NEWBORNS

Upper GI Bleeding
• Hemorrhagic disease of the newborn
• Gastritis
• Stress ulcer
• Esophagitis

Lower GI Bleeding
• Necrotizing enterocolitis
• Duplication
• Volvulus, malrotation
• Vascular malformations
• Milk allergy
• Infectious enteritis
• Anal fi ssure

INFANTS AND YOUNG CHILDREN

Upper GI Bleeding
• Nasopharyngeal bleeding
• Esophagitis
• Acid refl ux
• Viral, fungal, caustic sources
• Esophageal foreign body
• Mallory-Weiss tear
• Gastroesophageal varices
• Gastritis

Lower GI Bleeding
• Juvenile polyps
• Meckel diverticulum
• Intussusception

• Infectious enterocolitis
• Pseudomembranous colitis
• Vasculitis (HSP, HUS)
• Milk allergy
• Lymphonodular hyperplasia
• Anal fi ssure or trauma (abuse)
• Duplication
• Vascular malformation

OLDER CHILDREN 
AND ADOLESCENTS

Upper GI Bleeding
• Nasopharyngeal bleeding
• Esophagitis
• Mallory-Weiss tear
• Gastroesophageal varices
• Gastritis
• Aspirin, NSAIDs
• Helicobacter pylori
• Peptic ulcer disease

Lower GI Bleeding
• Polyps
• Infectious enterocolitis
• Infl ammatory bowel disease
• Vasculitis
• Vascular malformation
• Meckel diverticulum
• Hemorrhoids
• Anal fi ssure 

GI, gastrointestinal; HSP, Henoch-Schönlein purpura; HUS, hemolytic uremic syndrome; NSAIDs, nonsteroidal anti-
infl ammatory drugs.
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or with Mallory-Weiss tears. Bloody diarrhea may accompany infectious enteritis, food 
allergy, and infl ammatory bowel disease, or it may precede HUS. Painless lower GI bleed-
ing, if substantial, is seen with Meckel diverticulum or GI vascular anomalies, whereas a 
smaller amount of painless bleeding suggests polyps or lymphonodular hyperplasia. Fever 
is common in infectious or infl ammatory disorders. Arthritis and rash are seen with HSP. 
Abdominal pain, fever, and weight loss suggest infl ammatory bowel disease. Lower rectal 
disorders, such as hemorrhoids or anal fi ssures, produce blood-streaked stools and pain-
ful defecation. Young children who have upper GI bleeding should be questioned about 
foreign body or caustic ingestion. Medication use, especially of aspirin, nonsteroidal anti-
infl ammatory drugs, steroids, and tetracycline, is a frequent cause of gastritis. A family 
history of polyps, bleeding disorders, or GI diseases is important. Neonatal history should 
focus on risk factors for NEC or varices, including umbilical vein catheters, liver disease, 
and birth asphyxia. Sexual activity or abuse involving anal penetration should alert the 
physician to anal and rectal trauma.

Physical Examination
Th e physical examination should be complete and systematic because clues to the diagnosis 
may be present in any organ system. Th e general appearance and vital signs can be helpful 
in determining the duration of bleeding. Slow, chronic bleeding allows time for physiologic 
changes such as tachycardia, orthostasis, and decreased pulse pressure. Children may initially 
appear comfortable but tired and have some degree of pallor. Patients who have acute, rapid 
bleeds may be in various stages of shock depending on the amount of blood loss. Th e nose 
and mouth should be examined for bleeding lesions or burns. Th e abdominal examination 
should evaluate for tenderness, bowel sounds, masses, and hepatosplenomegaly. Th e physi-
cian must also look for signs of chronic liver disease, such as the presence of telangiectasias, 
jaundice, hepatosplenomegaly, and a prominent abdominal venous pattern. With lower GI 
bleeding, a thorough rectal examination should be performed, with special attention paid 
to the perianal region, observing for skin tags, abscesses, fi ssures, bleeding points, or much 
less commonly, hemorrhoids; the character of the stool; and the presence of occult blood by 
guaiac testing. Palpation for polyps and pelvic masses must be part of the rectal examina-
tion. Eczema may be associated with food allergy. Finally, skin lesions such as purpura and 
petechiae suggest a bleeding disorder, HSP, or HUS.

Laboratory Testing
In the setting of GI bleeding, laboratory testing should focus on determining the amount 
and duration of the bleeding, assessing for coagulopathy, and evaluating for other labora-
tory abnormalities that may be associated with the underlying disease process. Hemoglobin 
determination can help assess the level of blood loss, with the caveat that acute bleeding 
may not lower the hemoglobin level until some intravascular equilibration takes place. An 
elevated white blood cell count may occur in infectious colitis. Coagulation studies should 
be obtained, including prothrombin and partial prothrombin times, as well as the platelet 
count. Th e prothrombin time may be elevated as a sign of a bleeding disorder or as a result 
of abnormalities in liver synthetic function. Liver function tests are useful in evaluating 
suspected liver disease. Serum chemistries can be used to assess renal function, although 
an elevation in the blood urea nitrogen may result from increased intestinal absorption of 
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blood with longstanding upper GI bleeding. Any patient with signifi cant bleeding or a low 
hemoglobin level should have blood sent immediately for blood type and screen in the event 
of the need for blood transfusion. If bloody diarrhea is present, a stool specimen should be 
sent for culture and, if appropriate, ova and parasites.

Imaging
Most children with GI bleeding require some type of imaging study to locate the source 
of the bleeding or confi rm a suspected diagnosis. Th e type of study will depend on the 
age of the child, clinical presentation, and possible diagnosis. Plain radiographic fi lms are 
generally nonspecifi c and usually require additional imaging to confi rm a diagnosis. Two-
view (fl at and upright) abdominal radiographs may show signs of intestinal obstruction 
such as air-fl uid levels and dilated bowel loops. Some specifi c radiographic fi ndings include 
pneumatosis intestinalis in NEC and intestinal obstruction with absence of gas in the right 
colon in intussusception. Barium studies can be used to identify intestinal foreign bodies, 
polyps, lymphonodular hyperplasia, and infl ammatory bowel disease, although, in many 
cases, endoscopy remains the procedure of choice for diagnosis. Color Doppler ultrasound 
is becoming increasingly useful as a diagnostic aid in both intussusception and malrotation, 
but its usefulness depends on the skill of the operator. CT scans are occasionally helpful in 
defi ning related anatomic features if the child is hemodynamically stable and either coop-
erative or sedated. Nuclear medicine imaging studies (Meckel scan, radioactively labeled 
colloid or red blood cells) or direct angiography can often identify the source of an acute, 
ongoing bleed.

Wireless capsule endoscopy (WCE) is a relatively new technical innovation used for evalu-
ation of the small intestine, primarily in adult patients but now with increasing frequency 
in pediatrics. As in adults, a common use of WCE in children is for evaluation of obscure 
gastrointestinal bleeding. In one recent study, more than 50% of children had the source of 
obscure bleeding identifi ed with WCE, including ulcerative jejunitis, polyps, angiodysplasia, 
blue rubber bleb nevus syndrome, and Meckel diverticulum.7 Some of the limitations of 
WCE use in pediatrics include the size of the standard capsule that needs to be swallowed 
and the risk for capsule retention in strictured areas of the small bowel (more common in 
Crohn disease). However, several studies show that WCE is a practical and safe technique, 
even in children as young as 2 years.7,8

 MANAGEMENT
For a child who has acute massive GI bleeding, the approach must be the same as that in any 
other emergency. Th e physician must approach the patient with an effi  cient, rational plan 
in mind that will allow obtaining the pertinent historical information, performing a brief 
but adequate examination, stabilizing the patient clinically, arriving at a working diagnosis, 
and instituting appropriate therapy or consultations. Massive upper GI bleeding may lead 
to vomiting, aspiration, and airway obstruction that requires stabilization of the airway 
with endotracheal intubation. Administration of oxygen is always indicated. Evaluation 
of peripheral perfusion, quality of pulses, and capillary refi ll time assesses the adequacy of 
circulation. In children, the initial response to hypovolemic shock is tachycardia. In acute 
bleeds, adequate blood pressure may be maintained with blood loss of up to 30% without 
replacement.
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Tachycardia and capillary refi ll time are essential criteria in determining the nature of 
the resuscitation required. Skin turgor and the color of the mucous membranes also should 
be noted. If signs of shock are present (eg, orthostasis or frank hypotension, tachycardia, 
poorly perfused extremities, pale mucous membranes, altered mental status), then at least 
1 (preferably 2) large-bore intravenous catheters should be placed. Initial laboratory studies 
include complete blood count, hematocrit, reticulocyte count, coagulation times, electrolytes, 
blood urea nitrogen, creatinine, liver function tests, and blood typing and cross-matching. 
If percutaneous venous access is not obtained within a few minutes, then an intraosseous 
line should be placed, and 20 mL/kg of normal saline should be given rapidly to reexpand 
the vascular volume. Th is fl uid bolus may need to be repeated several times. Additional fl uid 
should be given as needed to allow equilibration of these solutions with the extravascular 
space. With more than 30% to 40% acute blood loss, packed red blood cells should be 
given as soon as possible.

An appropriately sized nasogastric (NG) tube, preferably of the vented sump type, helps 
determine the source of bleeding and helps estimate the volume of ongoing blood loss. Th e 
tube should be left in place and attached either to low-pressure continuous suction, if vented, 
or to intermittent suction, if nonvented. Th e only instance in which NG tube placement 
may aggravate bleeding is in a patient who has varices. Nonetheless, even in this case, an 
NG tube may be required to quantitate blood loss adequately.

Controlling the bleeding and determining the specifi c diagnosis are the next steps in 
management. If the NG aspirate contains blood, or if the patient has hematemesis, then 
saline irrigation may be instituted in an attempt to decrease mucosal blood fl ow and thereby 
stop profuse bleeding. Although the effi  cacy of lavage in decreasing and controlling gastric 
bleeding has not been demonstrated conclusively, it allows easier assessment of the rate 
of bleeding and helps in removing clotted blood. At the same time, prolonged lavage 
(>10 minutes) may not allow fi brin clots to form at the bleeding site. Saline at room tem-
perature should be used because irrigation with water can lead to hyponatremia, and iced or 
cold fl uid may cause hypothermia. Th e saline is instilled through an NG tube and is 
withdrawn after 3 to 5 minutes. Aspirate returns that do not clear in 10 minutes suggest 
continued GI bleeding and should prompt additional evaluation.

If the bleeding ceases, then gastroduodenoscopy should be performed to demonstrate the 
bleeding source and to determine the type of lesion present. Upper GI fi beroptic endoscopy 
can establish the diagnosis in 75% to 90% of patients. If the bleeding is massive and cannot 
be controlled with saline lavage, then adequate visualization is not likely to be achieved with 
the fi beroptic endoscope. If the bleeding is not immediately life-threatening, then arteriog-
raphy, which can demonstrate bleeding that occurs at a rate of 1.0 mL/min or more, should 
be considered. More sensitive than arteriography, and less invasive, a sulfur-colloid isotopic 
study can demonstrate active bleeding at rates as low as 0.1 mL/min.9 Th is method demon-
strates active bleeding by using a tracer with a very short half-life. In small infants, a large 
uptake of the isotope by the liver may mask the right upper quadrant. An additional isotopic 
method of determining the bleeding site consists of injecting the patient with technetium-99 
pertechnetate–labeled red blood cells. Th ese labeled cells may remain in the circulation for 
more than a day and allow repeated imaging to locate the site of intermittent bleeding.

If the lesion is one of mucosal erosion or infl ammation, then antacid therapy with 
or without the concomitant use of an H2-blocker may be instituted. For bleeding ulcers, 
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intravenous therapy with a proton pump inhibitor reduces the risk for ulcer rebleeding but 
does not appear to infl uence the overall mortality rate.10 If the bleeding source is variceal, then 
the cause of the lesions must be determined, with appropriate treatment of the underlying 
disease. In particular, liver or portal venous disease should be sought. Clotting factors and 
platelets should be replaced as indicated.

Variceal bleeding requires special mention because of the many settings in which varices 
may be seen. Th e treatment of variceal bleeding in children has evolved over the past 2 
decades. Use of balloon tamponade with a Sengstaken-Blakemore tube (an NG tube with 
additional lumina for a gastric balloon and an esophageal balloon in which the gastric 
balloon is infl ated and traction is applied so that the balloon abuts the gastroesophageal 
junction and tamponades the variceal bleeding) was eff ective in controlling most cases of 
bleeding but had a high incidence of complications. Th is treatment has been replaced, in 
most cases, with the use of vasoactive drugs and endoscopy. Previously, the major medical 
therapy included the use of intravenous vasopressin as a mesenteric vasoconstrictor to reduce 
portal blood fl ow and thus decrease variceal pressure. Octreotide, a synthetic peptide similar 
in properties to somatostatin, decreases splanchnic blood fl ow, which thereby decreases 
portal pressure, has less eff ect on systemic blood fl ow and is associated with fewer side eff ects 
than vasopressin. Pediatric studies (with no control groups) have shown octreotide to be 
50% to 63% eff ective in controlling acute variceal bleeding.11,12 Initially, a 1-mcg/kg 
(maximum of 50-mcg) bolus is infused, preferably through a central or intraosseous 
line, followed by an infusion of 1 mcg/kg/hr, which may be increased by 1 mcg/kg/hr up 
to 4 mcg/kg/hr.13

Endoscopy is the preferred intervention for variceal bleeding because it can provide 
both diagnosis and therapy. Th e most commonly used techniques are endoscopic injection 
sclerotherapy (EIS), which uses an injection of a sclerosing solution into the varices, and 
endoscopic variceal band ligation (EVL), in which elastic bands are placed around the varices 
in the distal esophagus. Endoscopy has been found to be 80% to 100% eff ective in control-
ling variceal bleeding.11,12,14,15 In a randomized controlled trial in 49 children, EVL achieved 
variceal eradication faster than EIS, with a lower rebleeding rate and fewer complications.12 
Endoclips are a newer technique used in severe GI bleeding; metal devices, applied to the 
GI mucosa through a fl exible endoscope, are used to compress the tissue around a bleeding 
vessel.13 In all cases, endoscopy should be performed by an experienced gastroenterologist, 
with the availability of general anesthesia and endotracheal intubation, if necessary, especially 
when performed in small children.

Studies in adults and experience in pediatrics, although limited to date, suggest 
that octreotide should be used as the initial treatment for bleeding varices, followed by 
endoscopic therapy, either EVL or EIS.14,16 If the bleeding continues despite vasoactive 
and endoscopic therapies, then balloon tamponade can be attempted.

Evaluation for lower GI bleeding diff ers in several aspects from that for upper GI bleed-
ing. Th e abdomen, perineum, and rectum are thoroughly examined. Stool must be analyzed 
for the presence of blood and, when appropriate, for enteric pathogens and for ova and 
parasites. If diarrhea is present, then the stool should be examined microscopically for 
polymorphonuclear leukocytes and mucus, both of which are evidence of bacterial infec-
tion. Digital rectal examination should follow in an attempt to discover the presence of anal 
fi ssures, rectal polyps, or hemorrhoids. Sigmoidoscopy may be necessary for children who 
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have persistent rectal bleeding to identify polyps or mucosal lesions. Th e presence of blood 
originating from above the reach of the sigmoidoscope indicates the need to proceed with 
other diagnostic studies.

Several diff erent imaging studies are used to evaluate persistent lower GI bleeding. 
An upright and supine view of the abdomen will reveal signs of obstruction or calci-
fications. For severe, life-threatening bleeds, angiography can be both diagnostic and 
therapeutic, depending on the ability to embolize the bleeding vessels. Because angiogra phy 
has limited sensitivity in detecting slow or past bleeding, it is best performed when bleeding 
is active.

Children with persistent, active bleeding who are clinically stable should have a radio-
nuclide scan, which identifi es accumulation of an isotope at the bleeding site. With a 
sulfur-colloid isotopic scan, the isotope is extracted rapidly so that background radioactiv-
ity is low. Although high-contrast resolution can be found around the bleeding site, it is 
eff ective only for identifying rapid bleeding. An isotope-labeled red blood cell infusion has 
a lower contrast ratio but is better at detecting slower or intermittent bleeds than a sulfur-
colloid isotopic scan. A Meckel scan uses technetium-99 pertechnetate, which is secreted 
by ectopic gastric mucosa, to identify the diverticulum. If the rate of bleeding does not 
permit the time necessary to perform these studies, then vasopressin or octreotide may 
be administered parenterally in an attempt to control the bleeding and to stabilize the 
patient. Air-contrast barium studies or endoscopy can identify sources of more chronic, 
low-grade bleeding. However, a barium enema or an upper GI series with small bowel 
follow-through should be the last study performed because they each make the further 
use of arteriography, isotope scans, and endoscopy impossible for several days thereafter. 
In cases in which the intestine is compromised vascularly, or when the rate of bleeding is 
excessive and uncontrollable by more conservative methods, prompt surgical intervention 
is required. Fortunately, however, conservative measures control most acute episodes of 
GI bleeding relatively easily; patients who eventually require surgical intervention can 
usually undergo elective surgery at a later time.

When to Refer

• Upper GI bleed
• Lower GI bleed that is of moderate amount, persistent, or intermittent

When to Admit

• Any nontrivial upper GI bleeding, such as that associated with active bleeding, moderate
amount of blood, anemia, and abdominal pain

• Signifi cant lower GI bleeding
• Hemodynamic instability
• Anemia (hematocrit)
• Severe abdominal pain
• Associated systemic symptoms (eg, HUS, infl ammatory bowel disease)
• Altered mental status or lethargy
• Suggestion of surgical etiology (eg, Meckel diverticulum, intussusception, volvulus)
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Chapter 33

Gender Expression and 
Identity Issues

Robert J. Bidwell, MD

Th roughout history and across many cultures, children and adolescents have, through their 
gender expression and gender identity, transcended cultural expectations about the meaning 
of being a girl or a boy.1–4 In some times and places, as these children and youths grew into 
adulthood, they became respected and even revered members of their societies. In others, 
including the current culture in many parts of the United States, they have been seen as 
legitimate targets of discrimination and persecution. Issues related to gender expression and 
gender identity are highly controversial, and the understanding of them is evolving based 
on increased research and societal changes. In 2013, the American Academy of Pediatrics 
(AAP) issued a policy statement and accompanying technical report on offi  ce-based care of 
lesbian, gay, bisexual, transgender and questioning (LGBTQ) youth.5,6 Th ese give physicians 
the basic understanding and skills to work in a respectful and relevant manner with children 
and youths facing issues related to sexual orientation and gender identity. A similar position 
paper has been issued by the Society for Adolescent Health and Medicine.7 While sexual 
orientation (whom one is attracted to) is distinct from gender identity (one’s inner sense of 
being female, male, or another gender), in practice these 2 concepts are often interrelated, 
as the following section will explain.

 DEFINITIONS
Gender is a complex concept that is still not well understood. Researchers and theorists have 
attempted to study and explain various aspects of gender to improve their understanding 
of this important part of being human. Gender role represents a set of behaviors, attitudes, 
and interests that a society or culture believes are typically female or male. A child inter-
nalizes these cultural gender role expectations by the age of 3 to 5 years. Gender expression 
refers to how an individual signifi es gender in terms of dress, speech, interests, and other 
outward signs. When a child displays behaviors, attitudes, or interests outside the cultural 
norm for the child’s biologic (genetic or anatomic) sex, it is referred to as gender noncon-
forming or gender variant expression. More recent terms include gender creative and gender 
expansive expression. For example, boys with gender nonconforming behavior may prefer 
playing house to playing football, enjoy dressing up in their mothers’ clothes or trying 
on their makeup, prefer long hair, and be more stereotypically feminine in their manner-
isms and speech, as determined by a particular culture. Girls with gender nonconforming 
behavior may avoid wearing clothes that are culturally more associated with girls, enjoy 
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more physically aggressive play with boys, prefer short hair, and have more stereotypically 
masculine mannerisms.

In contrast, gender identity refers to a person’s deepest inner sense of being female or male 
(or even something other than female or male) and is often established early in childhood. 
For most individuals, gender identity is congruent with biologic or birth-assigned sex. For 
some, it is not. Although their bodies seem to tell them and the world around them that they 
are female or male, their inner identity is either of the opposite gender or a sense of gender 
separate from female or male. Th ese individuals are referred to as transgender.

Gender identity is distinct from sexual orientation, which refers to an individual’s aff ec-
tional, romantic, or sexual attraction to others of the same sex (homosexual), opposite sex 
(heterosexual), or both sexes (bisexual).

Transgender also is used sometimes as a broader umbrella term encompassing those who 
do not conform to cultural norms of being female or male. Th is group includes individu-
als whose gender identity is incongruent with their biologic gender and who may seek to 
change their bodies to make them more consistent with their inner sense of gender. Th ese 
individuals are sometimes referred to as transsexual, but more commonly are referred to as 
transgender in the narrower sense of the term as described above. Transgender in its broader 
sense recently has been referred to as the trans* spectrum. In addition to those who experience 
an incongruence between their bodies and their inner gender identity, the trans* spectrum 
also includes those who cross culturally defi ned gender boundaries, including crossdressers 
(transvestites), drag kings and queens, and persons who perceive themselves to be of both 
genders (bigender), all genders (pangender) or no gender (agender). It also includes those 
who may refer to themselves as genderfl uid or genderqueer, or who are routinely gender 
nonconforming in terms of their attitudes, interests, and behaviors. Th e term transgender is 
not used in referring to prepubertal children with gender dysphoria or gender nonconform-
ing behavior.

In this chapter, transgender is used in its narrower sense, referring to gender identity. 
Transgender individuals often refer to themselves as trans, trans*, TG, or T. Many trans-
gender people, but not all, experience signifi cant gender dysphoria, a persistent discomfort 
with the gender assigned to them at birth and the societal gender role expectations that 
accompany it. Th ese dysphoric feelings often begin in early childhood and increase with 
the appearance of unwanted physical changes at puberty. Many transgender individu-
als gradually let go of the need to conform to societal expectations attached to their 
birth-assigned gender and increasingly present themselves to the world in a manner 
consistent with their gender identity. Th is process is known as transition. Th e transition 
process may be facilitated medically by pubertal suppression, cross-gender hormonal 
treatment, and/or gender-affi  rmation surgery (also referred to as sex-reassignment surgery 
or SRS). However, it not only is a physical process but also takes place on psychological, 
social, and spiritual levels. Th e terms male-to-female (MTF) and female-to-male (FTM) 
transgender are used to describe the direction of transition from biologic gender to actual 
gender identity. An FTM transgender person is often referred to as a trans-man and an 
MTF person as a trans-woman.

Most gender nonconforming children and youths do not experience gender dysphoria 
nor do they have gender identities that diff er from their birth-assigned sex. Th e prevalence of 
gender nonconfomity in children and youth is uncertain, although studies have shown that 
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gender nonconforming behavior is common.8–10 Persistent gender nonconforming behavior 
or expressed wishes to be another gender are less common.11–13 In a 2011 population-based 
survey of middle school students in San Francisco, when given a choice of identifying 
themselves as male, female, or transgender, 1.3 percent chose the latter response. Th e World 
Professional Association for Transgender Health (WPATH) estimates that the prevalence 
of MTF transgender identity is 1 in 11,900 to 1 in 45,000 individuals and of FTM trans-
gender identity is 1 in 30,400 to 1 in 200,000.14 Some believe that these estimates are low 
because they are based on individuals seeking hormonal and surgical transition services: some 
transgender individuals do not have access to or do not want sex-reassignment services and 
so are not represented in the data.

One of the most controversial issues related to gender expression and gender identity 
during childhood and adolescence is whether gender nonconformity and transgenderism 
are causes for concern.15–19 Do they represent a pathologic abnormality, or are they 
simply part of the continuum of normal human expression and identity? Similar debates 
occurred around homosexuality until it was offi  cially removed from the American Psychiatric 
Association’s list of mental disorders in 1973. Although controversial, until 2013 transgen-
derism (in the narrower sense) and transsexualism were represented in the fourth edition of 
the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV ) under the diagnostic 
category of gender identity disorder (GID).20 Based on the work of the DSM-5 Workgroup 
on Sexual and Gender Identity Disorders, the APA fi fth edition (DSM-5) introduced several 
important changes in terminology and diagnostic criteria related to gender identity, with 
separate criteria for children and for adolescents and adults.21 Th e diagnostic category of 
GID was replaced by the less stigmatizing designation gender dysphoria. Th e controversy sur-
rounding these diagnoses is well documented.22,23 Th e diagnostic criteria for both childhood 
and adolescent/adult gender dysphoria require a marked diff erence between an individual’s 
experienced or expressed gender and the gender assigned at birth. For a diagnosis of gender 
dysphoria to be made, this gender incongruence must have persisted for at least 6 months 
and resulted in signifi cant distress or impairment in social, school, occupational, or other 
important areas of functioning.

At a basic level, the move from GID to gender dysphoria emphasizes that no longer is 
cross-gender identity considered disordered. Instead, it is the distress related to having a 
cross-gender identity, which is often caused in signifi cant measure by growing up and living 
in a nonaccepting, often aggressively hostile societal environment. Much of the controversy 
arising from the creation of both GID and gender dysphoria as DSM diagnostic categories 
is the observation that any gender-nonconforming child or adolescent raised in a society 
that enforces a binary view of gender will predictably experience some degree of discomfort 
or distress related to gender expression and identity. Given the overt discrimination and 
violence that have occurred against transgender individuals in the United States, distress or 
impairment in social and other areas of functioning is not surprising. Evidence suggests that 
transgender individuals growing up in more accepting societies experience less discomfort 
and distress related to their gender identity and gender expression.24

Several developmental trajectories have been described for children with GID, which 
presumably are relevant for those now diagnosed with gender dysphoria. Th e diagnostic 
rubric of gender dysphoria is too recent to be refl ected in a substantial body of literature. Th e 
studies on which these proposed trajectories are based are small and inconclusive. Taken as 
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a whole, however, they suggest that many children diagnosed with GID (and more recently 
gender dysphoria) eventually self-identify as gay or bisexual as adolescents or adults and no 
longer experience gender dysphoria. A smaller percentage later self-identify as heterosexual 
and also experience no gender dysphoria. A small but signifi cant percentage continue to 
experience discomfort with their biologic sex and self-identify as transgender.25

 ETIOLOGY
Considerable controversy exists around possible causes for the development of persistent 
gender nonconforming expression, cross-gender identity, and gender dysphoria, which are 
related yet distinct phenomena. Th eories proposed have suggested psychosocial, biologic, 
and genetic factors, or varying combinations thereof. However, research data are very lim-
ited, often narrowly focused, and sometimes contradictory. Th erefore, to date there are no 
scientifi cally supported explanations for how gender nonconforming expression, gender 
identity, or gender dysphoria arise. Nevertheless, among all theories off ered, those suggest-
ing a biologic or genetic basis for cross-gender expression and identity are gathering the 
most robust scientifi c interest and support. Recent reviews have documented what little 
is known and how much still needs to be learned about the origins of gender identity and 
expression and the developmental trajectories experienced by gender nonconforming and 
gender dysphoric children and youths.26

Psychosocial theories seeking to explain gender nonconforming expression and gender 
dysphoria often focus on familial, and particularly parental, psychopathology, and aberrant 
parenting practices that may interact with biologic factors and predispose a child to gender 
dysphoria.18,27 Zucker, for example, posits that some children may experience subtle biologi-
cally or genetically related prenatal events aff ecting areas of the brain that lead to gender 
nonconforming behavior or personality traits.27 Th is may in turn interact with parenting 
styles or psychopathology that encourages persistent gender nonconforming behaviors and 
possibly the development of gender dysphoria. Much of the controversy around such theories, 
in addition to a lack of robust scientifi c evidence to support them, is that many feel they are 
similar to earlier theories related to the origins of homosexuality, later discredited, that saw 
aberrant parenting and familial psychopathology as probable etiologies. Th is is especially 
relevant because research demonstrates that most gender dysphoric children and many gender 
nonconforming children later to come to recognize a lesbian, gay, or bisexual orientation in 
adolescence or adulthood. Psychosocial theories are no longer generally accepted as primary 
causal explanations for variances in gender expression and identity, while their role in inform-
ing the treatment approach to gender dysphoria remains highly controversial.19,28,29 Some 
have suggested that a more likely route to gender dysphoria for some children is growing up 
in a home and community that pathologizes their gender expression and identity,29 although 
this theory, like all others, lacks robust research support at this time.

Most recent scientifi c attention has focused on possible biologic, genetic, and neuro-
logic explanations for gender nonconforming expression, cross-gender identity, and gender 
dysphoria. No clear unequivocal biologic markers for these have been identifi ed, but early 
limited fi ndings are intriguing and invite further research. One area of inquiry has examined 
the possible infl uence of prenatal maternal androgens on those areas of the developing fetal 
brain associated with sexual dimorphism.30 Th ere is some evidence that prenatal androgen 
exposure may predispose an individual to male gender identity, but not always; among 46, 
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XY intersex children exposed to increased androgens prenatally but raised as girls, only 40% 
to 50% developed male gender identity. Also, MTF transgender individuals with presumed 
normal male prenatal levels of androgen exposure override this infl uence and develop a 
female gender identity. Recent studies examining 46, XX individuals exposed to higher levels 
of prenatal androgens demonstrated marked masculine gender expression but no evidence 
of male gender identity or gender dysphoria. In this area of inquiry, data suggest that for 
some gender nonconforming and transgender individuals, prenatal exposure to androgens 
may be infl uential, but it seems not to be applicable to the broader transgender community.

Recent research provides incomplete but increasing evidence for a genetic component 
to gender nonconformity and cross-gender identity. Hare and colleagues have identifi ed an 
association between longer androgen receptor (AR) gene polymorphism and MTF trans-
sexualism, perhaps caused by inhibition of the ability of testosterone to masculinize the fetal 
brain.31 A similar gene anomaly has been associated with FTM transsexualism.32 Familial and 
twin studies have documented increased occurrence of gender nonconforming expression 
and cross-gender identity within families and between twins, providing further evidence of 
a possible genetic component to the development of cross-gender identity and expression.33

Another focus of biomedical inquiry has been comparison studies of transgender and 
nontransgender individuals looking at sex-related anatomic dimorphism in terms of brain 
structure and functioning.34–36 Diff erences have been reported, but most of these studies have 
not been replicated and therefore the signifi cance of their fi ndings is uncertain. However, 
documenting brain diff erences between transgender and nontransgender individuals would 
suggest a possible neurologic component to the development of cross-gender identity, at 
least for some individuals.

Given the complexity of gender as a concept, and the diverse ways in which it is expe-
rienced and expressed within a population, continuing research may fi nd that the origins 
of gender expression and identity are multifactorial, with genetics, biology, and environ-
ment each playing a role in varying combinations and degrees of infl uence. Since gender 
nonconfomity and cross-gender identity do not appear in the DSM-5, and therefore may 
be considered part of the normal spectrum of human experience, perhaps the most valuable 
research will be that which examines the factors contributing to gender dysphoria among 
children and adolescents. With this increased understanding, physicians and other providers 
will be better able to prevent the onset of dysphoria or to ameliorate its eff ects in the child 
where it already exisits.

 ADVERSE EFFECTS
Due in large part to the experience of societal stigma and ostracism, gender nonconforming 
and transgender youths may be at high risk on many fronts, as outlined in the paragraphs 
that follow. Nevertheless, there are reasons for immense optimism because these young people 
are coming of age on the cusp of enormous and positive societal change. Th is change is 
marked by an increased understanding and celebration of the diversity of gender expression 
and identity and an awareness of how this diversity can enrich families, schools, workplaces, 
and the broader community. In many parts of the United States, primary care physicians 
(PCPs) have begun to recognize the amazing creativity and resilience of these youths as 
they navigate changing societal currents. Th ey have met parents who love their children 
unconditionally and who confi dently and passionately work to make the world a safer, 
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more accepting place for them. Th ey have joined with educators, social workers, mental 
health professionals, and others to create empowering transgender youth programs, including 
youth leadership workshops, mentorship programs, music/poetry/art events, speakers’ panels, 
and many others. Such programs help develop important life skills but just as importantly 
validate the rightful place of gender nonconforming and transgender youth among other 
happy, healthy, and hopeful young people. Th ese exciting changes have not yet arrived in 
many parts of the United States, but they are on the horizon. Th e risks described below are 
still very real for many children and youths. But is important to recognize that they are an 
aberration, a result of living in the presence of stigma and ostracism. Th ey are not part of 
the natural history of being gender nonconforming or transgender.

In those communities where the societal change described above has not yet arrived, 
transgender youths often experience a profound isolation that intensifi es their feelings of 
confusion and distress. Th ey and most people in their lives, including parents, teachers, 
counselors, clergy, and physicians, often know little about gender identity or what it means 
to be transgender. In many instances, gender identity is confused with sexual orientation, 
a much diff erent concept. Many PCPs and counselors were trained at a time when gender 
nonconforming behaviors and transgender identity were seen as aberrant or pathologic, and 
some continue to conduct their practices accordingly. Many transgender youths have few 
adult role models or mentors for support or validation, and many know no other transgen-
der youth. When transgender youths have little access to accurate information, supportive 
counselors, or physicians, and when they have no opportunity for healthy interactions 
with transgender peers and adults, the negative messages that surround them in their daily 
lives go unchallenged. Although this continues to be true in many communities across 
the United States, over the past decade there have been major advances in increasing the 
understanding of families, health and social service providers, educators, and others about 
the importance of recognizing, validating, and empowering gender nonconforming and 
transgender youths.15,37 PCPs have often been at the forefront of the movement to increase 
public awareness, developing creative programs for youths and their families, and providing 
needed advocacy on their behalf. With the growing love and support of families and com-
munities, many gender nonconforming and transgender youths no longer struggle under 
the burden of stigma and ostracism.

For those many children and youths who grow up in families and communities still 
untouched by this societal change, the most harmful reality they face is society’s disap-
proval of who they are and how they present themselves to the world. Social stigma, and 
the violence and discrimination it engenders, permeate their daily lives. It makes completing 
the expected developmental tasks of childhood and adolescence related to identity and self-
esteem enormously diffi  cult. Many of these children and youths are viewed by their families 
with shame and disgust. Th ey are often forced to change their behaviors and renounce their 
declared inner sense of gender. Many of them are taken to therapists for the express purpose 
of changing their gender expression or identity. Many transgender adolescents and adults 
recall being ridiculed, ostracized, or beaten for being true to who they were, including 
within their own families. Many gender nonconforming and transgender youths drop out 
of school and run away or are thrown out of their homes; some seek survival on the streets; 
many contemplate or attempt suicide.38 As a result, many end up in the child welfare or 
juvenile justice systems.39–41 Th e harassment and abuse against gender nonconforming and 
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transgender young people often continue in these settings, perpetrated both by other youths 
and by staff  members. Fortunately, state judiciaries across the country as well as organiza-
tions such as the Child Welfare League of America and the Equity Project, with the active 
involvement of pediatricians and other advocates, have developed training, model policies, 
and other tools to meet the needs of transgender youths in out-of-home care and address 
the societal antecedents that bring them into these systems.

Schools often are especially dangerous places for gender nonconforming children and 
transgender youths.42–44 Many of them experience daily verbal, physical, and sexual harass-
ment on the playground and in the classroom. In many instances, this harassment is not 
addressed by teachers, counselors, or other school staff , or it is dealt with by blaming the 
victim. Sometimes, disapproving teachers and other school staff  members engage in harass-
ing behaviors themselves. Many schools have no specifi c policies prohibiting harassment 
or bullying based on gender identity or expression, even though these, along with sexual 
orientation, are among the most common targets of harassment on school campuses. An 
increasing number of school systems, however, are adopting rigorous anti-bullying pro-
grams and antiharassment policies that specifi cally include harassment based on gender 
identity and expression. Many have included transgender issues in regular teacher trainings 
and have worked with national organizations such as the Gay, Lesbian and Straight Education 
Network (GLSEN) to ensure that school campuses are safe places for transgender students. 
Many school systems have encouraged the establishment of gay-straight alliances in schools 
to support LGBT students and their friends. Many schools also routinely invite PCPs to 
join in the development of individualized education programs (IEPs) and participate in 
other discussions related to addressing the needs of individual gender nonconforming and 
transgender students.

Societal stigma also may be refl ected in the daily discrimination experienced by some chil-
dren and youths. Children may be admonished for playing with toys or displaying interests 
that are considered inappropriate for their presumed gender. Th ey are told by what names 
they will be called and by what pronouns they will be referred to, in spite of their protests 
that these names and pronouns do not refl ect who they really are. Th eir genitalia rather than 
their inner identity as female or male are referenced in assigning them to bathrooms, lockers, 
physical education classes, athletic teams, graduation ceremonies, and other school activi-
ties in which gender is still considered relevant. School dress codes often limit transgender 
students’ ability to wear clothes that are consistent with their gender identity. Many PCPs 
have begun to work with individual schools on behalf of their gender nonconforming and 
transgender patients, advocating policies and accommodations that ensure safety, respect, 
and validation for their patients in the school setting.

As transgender youths grow older, they begin to experience broader societal forms of dis-
crimination. Th eir driver’s licenses and other forms of identifi cation, as well as their school, 
employment, and health records, usually refl ect their biologic sex rather than their gender 
identity. Because fear, embarrassment, and potential humiliation accompany the presenta-
tion of these documents to others, many transgender adolescents may avoid applying for 
school or a job or accessing health care. Transgender individuals have been denied access 
to educational opportunities, community programs, social services, and health care simply 
because of their gender identity. Fortunately, each year more states and municipalities enact 
laws and ordinances that prohibit discrimination based on gender identity and expression 
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in the areas of housing, employment, public accommodations, and health care, providing 
transgender individuals, including adolescents, legal recourse when faced with discrimina-
tion. In addition, LGBT communities have made great strides in recognizing that LGBT 
social and health services should be as welcoming and accessible to transgender individuals 
as they are to members of the lesbian, gay and bisexual communities.

Th e risks described above are not inherent in being a gender nonconforming child or 
transgender youth. Th ey are the common experience of any young person who is stigma-
tized, fearful, and alone. Th e genuine distress experienced by some children diagnosed with 
GID (and presumably gender dysphoria) and some transgender youths over the perceived 
dissonance between their biologic sex and gender identity should not be dismissed or mini-
mized. Nevertheless, evidence from other cultures and the experience of many counselors 
and physicians suggest that when provided love, support, and validation, these young people 
thrive and can expect to grow into happy, healthy, and productive adults. Perhaps the most 
important role that PCPs can play in the lives of gender nonconforming children and trans-
gender youths is to go beyond the confi nes of their offi  ces and engage with schools, social 
service agencies, faith communities, and others to ensure that these young people grow up 
in safe and nurturing environments.

 EVALUATION
Th e AAP, the American Academy of Child and Adolescent Psychiatry, and the Society for 
Adolescent Health and Medicine have each issued offi  cial guidelines related to providing 
supportive care to children and adolescents facing issues of gender identity and gender 
expression.5,7,37 In addition, several resources are available to PCPs on providing culturally 
sensitive and relevant care to gender nonconforming children and transgender adolescents 
and adults.45,46

PCPs should not presume the sexual orientation or gender identity of any patient. 
Children with gender nonconforming behaviors, many of whom will later identify as LGB, 
have often learned or have been pressured to change their behaviors, particularly in public 
settings such as schools and health clinics. Many transgender youths will also hide their true 
gender identity. Even when asked in a sensitive and nonjudgmental manner about their inner 
feelings of being female, male, or another gender, they often will deny these feelings because 
they are fearful of PCP disapproval, uncertain about confi dentiality, or still confused about 
the meaning of their emerging feelings. Perhaps one of the greatest barriers to appropriate 
health care for gender nonconforming and gender dysphoric children and transgender youth 
is physicians’ assumption that they have no patients in their practices who are dealing with 
issues of gender identity and expression. Another mistaken assumption is that signifi cant gen-
der nonconforming behavior in childhood accurately predicts sexual orientation. Although 
some children with persistent gender nonconforming behaviors will later identify as LGB, 
many will not. Few PCPs may consider that some may also later identify as transgender. Many 
transgender youths are thought by their PCPs, and sometimes by themselves, to be LGB. 
However, the distinction between sexual orientation and gender identity is important for the 
provision of care because the diff erent issues related to each require diff erent responses from 
a PCP. In addition, transgender identity does not predict sexual orientation. Transgender 
youths may be gay, lesbian, heterosexual, or bisexual. For example, an MTF-transgender 
adolescent who is attracted to boys may be considered a heterosexual trans-woman, if she 
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so considers herself. Some, however, may describe themselves as “gay,” either because it feels 
like the appropriate term to them or because it is easier for others to understand.

Th e goal of PCPs is not to identify every child with gender nonconforming behaviors or 
transgender identity; instead, it is to create a safe and accepting clinical setting where children, 
adolescents, and their families know they can discuss any topic of concern, including gender 
identity and expression, without discomfort or disapproval on the part of the physician. 
Some patients and parents do not know that PCPs may have expertise in discussing issues 
of sexual and gender development. Specifi c messages can be provided through clinic post-
ers and brochures informing patients that these issues are appropriate topics of discussion. 
Th e most important signal that these topics are a natural part of pediatric practice is in the 
PCP’s own history taking and anticipatory guidance, in which issues of child and adolescent 
sexuality and gender should be routinely discussed.

After patients have identifi ed themselves as transgender, the PCP should create an accept-
ing and supportive clinical environment by using pronouns consistent with their patients’ 
gender identity and asking by what name they would like to be called by clinic staff . Although 
medical records must retain the patient’s legal name, the notice “Also Known As [preferred 
name]” can be added to the front of the chart, and all clinic staff  members should use this 
name in personal encounters with the patient. Patients should use either a unisex restroom or 
a restroom consistent with their gender identity while in the clinic. As with all adolescents, 
transgender patients should be seen alone for at least part of each visit and their confi den-
tiality should be respected. An adolescent patient’s gender identity should not be revealed 
to parents without the patient’s permission. Patients should also be asked how they would 
like their gender identity recorded in the chart, if at all, because medical records containing 
confi dential information are sometimes accessible to parents.

PCPs should refl ect on their own feelings about gender nonconforming behaviors and 
gender identity issues. As products of their own society, many physicians may initially 
approach these issues with discomfort or disapproval. However, such an approach to gender 
nonconforming children or transgender youths will diminish the PCP’s ability to care for 
these patients. Most transgender patients have had profoundly negative experiences with 
the health care system.46,47 In the past, these patients have been labeled as disordered and 
were often treated accordingly. Transgender patients report how staff  in clinical settings 
often display fear or open disapproval of them or joke about them, even within hearing of 
the patient. At times, these patients have been refused medical care. PCPs who receive little 
training about transgender health issues often do not understand the transgender adolescent’s 
unique life experiences and needs. Most PCPs are unfamiliar with community resources that 
might help their transgender patients. Most health insurance companies refuse to pay for 
transition treatments, including hormone therapy, surgery, and the laboratory studies needed 
to monitor treatment. Fortunately, this refusal of payment for necessary, even lifesaving, care 
is slowly beginning to change.

PCPs are in a position of power relative to their transgender patients. As gatekeepers, 
PCPs decide who does or does not receive transition treatments. Many, often through 
disapproval or lack of knowledge, have barred transgender patients from passing through 
that gate, preventing them from receiving necessary transition treatment and care. PCPs 
must understand the history of tension between the transgender and medical communities. 
PCPs can improve this strained relationship by listening carefully and respectfully to their 
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patients’ life stories and expressions of need and by providing care that addresses these needs 
in a compassionate, comprehensive, and timely manner.

History
Gender and sexuality are important parts of a child’s life. At each well-child visit, beginning 
in early childhood, the PCP should ask parents how they think their child is developing 
compared with other children. Parents and child should be asked how the child is getting 
along with siblings and peers. Does their child seem happy? Is the child teased or harassed by 
other children, and over what issues? All parents should be asked if they have any concerns 
over their child’s sexual development or gender expression. Many parents who have such 
concerns are hesitant to bring them up on their own but are often relieved when the PCP 
does so. If a child with gender nonconforming behavior is happy and safe from teasing and 
parents have no concerns about these behaviors, no reason exists for the PCP to question 
further. However, as a child grows older and has more social contacts beyond the family, 
issues will likely arise related to being gender nonconforming or transgender in a society 
that is often nonaccepting. PCPs should remain attuned to this likelihood and reopen the 
door to discussion of these issues in future visits.

If parents express concerns about their child’s gender expression or gender identity, then 
the PCP should ask what they have noticed or heard from the child and what their concerns 
or fears might be. Parents’ concerns are often related to their own embarrassment because 
of their child’s behavior; they may also fear for their child’s safety in a nonaccepting world. 
Many of them fear that their child’s behavior or verbal expressions of wanting to be the 
opposite gender signal an eventual lesbian or gay sexual orientation or transgender identity. 
PCPs may gently question gender nonconforming children if they feel safe from teasing at 
home and school and about their feelings of being more like a girl, a boy, or another gender 
inside. Care must be taken to avoid conveying the message that anything is wrong with the 
child because of the child’s gender nonconformity. In addition to the well-child visit, any visit 
suggesting an unhappy child or a child in distress should lead the PCP to consider discussing 
issues of gender nonconforming expression and gender identity with the parents and child.

Transgender adolescents may come to the PCP’s offi  ce either because of parental concerns 
or through school or child welfare agency referral. Transgender youths may also seek care 
themselves, often to discuss issues of safety and acceptance at home or school or concerns 
about sexually transmitted infections (STIs), or to request hormone treatment. However, 
many transgender patients see their PCPs not through referrals or acute care visits but rather 
in the context of routine well-teen evaluations. Many transgender patients hide any evidence 
of their inner gender identity; others are presumed, perhaps even by themselves, to be lesbian 
or gay. PCPs should initiate discussion of sexuality and gender with all adolescents at each 
well-teen visit. Although many PCPs routinely discuss sexual activity and safer sex practices, 
fewer discuss sexual orientation, and almost none of them address gender identity. However, 
as noted earlier, most transgender adolescents face signifi cant confusion and distress related 
to their gender identity and major risks from growing up in an often nonaccepting world. 
PCPs must be willing to open the door to discussion of gender in order to reduce the turmoil 
and dangers that these youths face.

Th e PCP can begin to approach the issue of gender identity in the broader context of 
obtaining a HEADSSS (home, education, activities, drugs, sexuality, suicide, and safety) 
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interview.48 Th is approach will provide a sense of how things are going in various aspects of 
an adolescent’s life, recognizing that many transgender youths face serious issues in each of 
these areas. Th roughout this conversation, it is essential that the PCP use non-heterosexist, 
gender-neutral language, refl ecting that no assumptions are being made about a youth’s 
sexual orientation or gender identity, or that of family members or friends. To address gender 
identity within a broader sexual history, the PCP might say, “Sexuality and sexual feelings 
can be confusing sometimes. During puberty, bodies change in lots of diff erent ways. Sexual 
feelings are changing as well. Some of my patients are not sure if they are attracted to guys 
or girls or maybe both; and some of my patients even wonder if they’re more like a girl or a 
boy inside. All of this is completely normal but can be really confusing. So I’m wondering 
what it’s been like for you.” After asking about attractions (sexual orientation), the PCP can 
simply ask, “And how about inside? Do you feel more like a girl or a boy or maybe something 
else?” For the patient who is not dealing with gender identity issues, these questions may 
seem odd. Th is can be addressed by a simple statement such as, “Th ese are questions I ask all 
my patients, and for some, they’re really important.” For transgender youths, the questions 
may be life saving. Even if they decide not to acknowledge their gender identity concerns at 
the current visit, they have learned that someone is available with whom they can talk when 
the time is right. If youths do acknowledge cross-gender feelings, the PCP can ask whether 
they have defi ned themselves in terms of gender. Some may refer to themselves as transgender 
while others may self-defi ne as pansexual, pangender, bigender, genderfl uid, genderqueer, or 
another designation. Some may refer to themselves as gay or lesbian. It is appropriate to ask 
each teen what their particular self-designation means to them. Th is demonstrates respect 
on the part of the PCP and can foster a sense of empowerment in the youth.

If adolescents acknowledge a transgender, pangender, or other-gendered identity, the 
PCP should thank them for their trust in sharing this important and personal part of who 
they are. As a demonstration of understanding and respect, the PCP should then ask about 
preferred name and pronouns and use these through the remainder of the interview and sub-
sequent visits. Patients should be reassured that the discussion of gender identity will remain 
confi dential unless they give permission to share it with others or unless a risk of danger to 
someone exists. It is essential to ask, at an appropriate time in the interview, “Do you have 
any periods of feeling very sad? How long do they last? Have you ever had feelings of wanting 
to hurt yourself or kill yourself? Have you ever actually tried to do this?” If the PCP is not 
comfortable with the depth of interviewing suggested in the following paragraphs, she or he 
has a responsibility to refer the adolescent to someone else who can have this conversation.

Th e subsequent history may then focus on the adolescent’s path to recognizing their 
transgender identity. When were they fi rst aware of feeling more like a girl, a boy, or another 
gender? What was this experience like? How comfortable are they with their transgender 
identity now? What do they know about gender identity and what it means to be transgen-
der? What are their hopes and dreams for the future? Do they see their futures as enhanced 
or limited by being transgender? Th e history may focus on the adolescent in the context of 
the world around them. Have they told others (family, peers, teachers, or counselors) about 
their inner feelings of gender? Have these people responded in a supportive or negative 
way? Have they been bullied, harrassed, scolded, ridiculed, or teased because of their gender 
identity? With whom do they spend time, and what kinds of things do they do together? 
Have they met other transgender adolescents or adults? Have they been in relationships, and 
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have these relationships been healthy ones? Have they been sexually active, and do they use 
safer-sex practices? How have they met their sexual and romantic partners? Have they ever 
been pregnant, impregnated anyone, or had an STI? How many diff erent sexual partners 
have they had, and what have been their genders? Have they ever been touched sexually or 
forced to have sex without their permission?

Understanding that transgender youths often are subjected to harassment and rejection 
at home and school, the PCP should ask about their treatment in these settings and whether 
they have ever run away from home or dropped out of school. Have they needed to sell 
their bodies, deal drugs, or engage in other illegal activities to survive on the streets? Have 
they been involved with the child welfare or juvenile justice systems, and how have they 
been treated within them? Have they ever used drugs or contemplated suicide? How do 
they believe their physical health has been, and do they have any health needs they believe 
are not being addressed? What do they know about gender transitions and is that something 
they have thought about? Have they actually begun the transition process? Have they begun 
to cross-dress? Have they begun puberty blockers or cross-gender hormone therapy, and, 
if so, where have they obtained their treatment? Have they injected silicone? Have they 
thought about gender affi  rmation surgery (sex-reassignment surgery) or other transition-
related procedures in the future?

Other questions to consider include, “What have you found on the internet or in various 
forms of media about transgender people?”; “Do you know any transgender or LGB people?”; 
and “Who do you have as supports?” Because eating disorders are common among sexual 
minorities and especially among transgender populations where malnutrition can suppress 
pubertal progression, it is also important to ask, “Do you restrict your diet, binge and then 
purge, or use laxatives or make yourself vomit?”

Not all of these questions need to be addressed at the fi rst visit. Follow-up visits should 
be made to address these issues on an ongoing basis. Th e PCP should be aware that the his-
tory, beyond providing specifi c information about the experience and needs of a transgender 
adolescent, is an opportunity for the PCP to interact with the patient in a comfortable, 
respectful, and caring manner that validates who the adolescent is as a human being. Many 
transgender adolescents have never experienced such acceptance before, and providing it is 
among the most fundamentally important things a PCP can do.

Physical Examination
Th e physical examination of children with gender nonconforming behaviors or who express 
the desire to be other than their anatomic gender is the same as that for other children. A 
complete examination, including the genitals, should be a routine part of every well-child 
visit. On occasion, the PCP may observe a child wearing clothes or exhibiting behaviors or 
interests that are more typical of another gender. Th ese behaviors or interests may or may 
not relate to the child’s gender identity.

Similarly, the content of the physical examination of transgender adolescents does not 
diff er signifi cantly from that of other adolescents. It should be guided by a comprehensive 
and accurate health history, including sexual and other risk behaviors. Th e PCP should 
remember that transgender youths may be heterosexually, homosexually, or bisexually active 
or not sexually active at all. Many transgender youths hide all public expressions of their 
gender identity. Some may have already begun the transition process and come to clinic 
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displaying dress, hairstyles, makeup, and mannerisms usually associated with another gen-
der but consistent with their gender identity. Occasionally, transgender patients may wear 
non–gender-defi ning street clothes but underwear appropriate for their gender identity. If 
patients have begun pubertal suppression, they will generally remain at Tanner Stage 2 or 3 
and depending on the duration of suppression may eventually show delay in pubertal devel-
opment relative to their peers. If patients have already begun transition hormone treatment, 
they may show evidence of breast development (MTF), appearance of facial hair (FTM), 
and other expected changes of estrogen and testosterone treatment.

PCPs should understand and respect the signifi cant discomfort that many transgender 
youths have related to their pubertal changes, such as development of facial hair, deepening 
of the voice, breast development, and menstrual periods, which feel alien to their gender 
identity. Some MTF-transgender adolescents may tuck their genitals, placing their penis 
and testes between their legs so they are less visible. Some FTM-transgender youths may 
wear chest binders or baggy tops to make their breasts less visible. Some may also wear a 
“packer,” which is padding or a phallic-shaped object worn in the front of the underwear or 
pants to give the appearance of having a penis.

In preparing for the examination, the PCP should discuss the rationale for suggesting the 
parts of the examination that might be particularly uncomfortable for a transgender adoles-
cent, especially the breast and genital examinations. PCPs should explain that their intention 
is to make the examination as comfortable as possible for the patient and to elicit the patient’s 
guidance in how best to accomplish this task. Th e patient should be informed that they have 
a right to refuse any part of the examination. Th e PCP should ask transgender patients what 
words they would like used in referring to various body parts—for example, genitals instead 
of penis or vagina. An FTM-transgender patient may prefer the term chest rather than breast. 
MTF-transgender patients should be treated the same as other female patients, and FTM-
transgender patients like other male patients in conducting the examination. Conducting 
all comprehensive physical examinations of MTF- and FTM-transgender patients with the 
patient in a gown and draped appropriately to minimize exposure is best. At the same time, 
acknowledging that the patient’s anatomic features may suggest gender-specifi c evaluation 
such as breast, testicular, or pelvic examinations is appropriate. For example, suggesting a 
pelvic examination for an FTM adolescent with unexplained vaginal discharge or bleeding 
might be appropriate. Most transgender patients will agree to the suggested examination if 
the medical rationale is presented in a factual and respectful manner, inviting the patient’s 
questions and input on how to make the examination as comfortable as possible. All aspects 
of the physical examination should be for the purpose of medical necessity, not to satisfy 
physician curiosity about possible genital or breast changes related to hormonal or surgical 
transition therapy. As for all adolescents, a chaperone should be present during a breast, 
genital or anorectal examination. Th e gender of the chaperone should be based on patient 
preference.

Laboratory Evaluation
Th e child with gender nonconforming behaviors who has an unremarkable history and 
normal physical examination requires no special laboratory evaluation. Laboratory evalu-
ation of transgender adolescents should be based on an accurate and comprehensive his-
tory, including sexual and other risk behaviors, and physical examination, not on gender 
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identity. Several clinical guidelines provide information on the appropriate laboratory 
evaluation and monitoring of those patients who elect to begin hormonal transition 
therapy.49,50

 MANAGEMENT
Th e goal of care in working with gender nonconforming children and transgender youths 
is to promote optimal physical, developmental, emotional, and social well-being. Th e 
challenge faced by PCPs is to achieve this goal within a context of nonacceptance and 
stigmatization by many people in society. In this sense, gender nonconforming children 
and transgender youths have life experiences and needs that are similar to those of 
LGB youths.

Another challenge faced by PCPs is how to advise and support families of gender non-
conforming and gender dysphoric children and youths when there is a considerable lack of 
professional consensus on appropriate treatment approaches and goals in these age groups. 
Because there has been insuffi  cient research in these and related areas, treatment approaches 
and goals rely in large part on “expert opinion” rather than scientifi c data. Th is has allowed 
a number of diff erent treatment approaches to be proposed, particularly for preadolescent 
children, that are sometimes based on diff ering philosophical foundations but very little 
science. Th is lack of evidence-based best practice standards can present a dilemma for PCPs 
and families in trying to decide which of the varying approaches best meets the needs of a 
particular child. Fortunately, a 2012 issue of the Journal of Homosexuality was dedicated to 
assisting PCPs and parents by off ering a comprehensive review of what is known and what 
has yet to be learned about gender nonconformity and gender dysphoria in childhood, as well 
as various treatment approaches and their specifi ed goals.26 It also provided detailed descrip-
tions of a number of well-established clinical programs and identifi ed areas of consensus 
and disagreement among them.51–53 Ethical implications of the various approaches also were 
discussed.28 Since most PCPs work in communities without specialized child and adolescent 
gender clinics, it is imperative that PCPs become familiar with these issues, understand where 
they themselves stand philosophically on the continuum of treatment approaches, and be 
willing to reach out to experts at nationally recognized child and adolescent gender centers 
for consultation as the need arises.54

Although relatively little is known about gender nonconformity, cross-gender identity, 
and gender dysphoria in childhood, the area that is best understood is the likely develop-
mental trajectories of children with gender dysphoria. It also serves as an excellent example 
of how robust, reproducible research data can result in a greater degree of consensus around 
certain aspects of treatment approach. We now know, for example, that the dysphoria of 
most younger children with gender dysphoria does not persist into adolescence.18 Th ese 
children are referred to as desisters, and their dysphoria usually disappears in later childhood 
at about age 7 to 9 years. Research has shown that most desisters will go on to self-identify 
as lesbian or gay during adolescence, and a small percentage will identify as heterosexual. 
Children with gender dysphoria that persists into adolescence are referred to as persisters, 
and most eventually identify in adolescence and adulthood as transgender. At this point, 
there is no way to accurately predict which children will end up desisting or persisting in 
their gender dysphoria. Another unknown is whether treatment aimed at promoting a child’s 
desistance is eff ective, or more importantly, ethical. Th is is among the more disputed aspects 
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related to the treatment of gender nonconforming expression, cross-gender identity, and 
gender dysphoria in preadolescent childhood. While there is some controversy related to 
the treatment of transgender adolescents in terms of timing and length of various transition 
treatments, most clinical experts support medical transition treatments in adolescence and 
adulthood, such as pubertal suppression, hormone therapy, and eventual gender affi  rmation 
surgery. Th is is because research has shown that most transgender adolescents have a gender 
identity that will perisit into adulthood. Furthermore, there is a robust body of evidence 
that demonstrates that transition treatments are safe and lead to signifi cant improvements 
in physical and emotional well-being.55–58 Th ere is no similar body of research defi nitively 
supporting a single treatment approach over another in addressing gender dysphoria and 
gender nonconformity in preadolescent children, thus leading to the confusing and 
sometimes contradictory choices facing PCPs and the parents and children they are trying 
their best to support.

Despite controversy, several shared themes can be found across most treatment pro-
grams for preadolescent gender dysphoric and gender nonconforming children.28 Since 
research fi ndings related to persistence and desistence among children are well-accepted, 
with an understanding that most gender dysphoric children will be desisters and no longer 
gender dysphoric as they move into adolescence, it is generally agreed that the appropri-
ate approach is to provide support and counseling to parents and children, but not to 
provide medical transition treatment in childhood. Th ere is also a widely held view that 
social transition in terms of living full-time as a child of another gender or use of name 
and pronouns consistent with inner gender identity should probably be deferred until 
adolescence. Since so many preadolescent gender dysphoric children eventually desist, 
many feel that encouraging them to transition socially and then later “de-transition” 
might cause unnecessary trauma to the child, although there are no research data to 
support this. Another area of general agreement is that, ideally, support and counseling 
should be provided to gender dysphoric children and their families by a multidisciplinary 
team consisting of the PCP, a psychiatrist or other mental health professional, and a 
social worker. Th ese professionals can be valuable additions to the treatment plan in 
exploring a child’s or youth’s sense of gender identity, social and academic functioning, 
family relationships, cultural expectations, and self-esteem. Th ey can help assess and 
support parents through the process of acceptance and, it is hoped, eventual celebra-
tion of their child. Th ey also can address parental fears, concerns, and misconceptions, 
which likely will change in nature as a child grows older and moves into adolescence. 
Most treatment programs emphasize that their goal is not to prevent homosexuality 
or cross-gender identity. Instead, the stated goal for most is to prevent or ameliorate 
gender dysphoria, recognizing that not all children with cross-gender identity are gender 
dysphoric.

Despite these common themes among most programs, there are also signifi cant and often 
controversial diff erences regarding what “support and counseling” actually mean among 
varying programs. Th ese often refl ect underlying philosophical diff erences and varying under-
standings of gender nonconformity and gender identity, their etiologies, and the degree 
to which they are felt to refl ect possible underlying pathology or simply another way of 
“being” in the world. At one end of the spectrum are programs that are prepared to focus on 
perceived psychopathology in a child, a parent, or family dynamics that either cause gender 
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nonconforming expression or cross-gender identity and dysphoria or allow them to persist.51 
Treatment often involves trying to help a child “work through” his or her cross-gender 
identity with the goal of decreasing gender dysphoria, even if it means engaging in eff orts to 
decrease a child’s desire to be another gender. Parents are asked to put limits on their child’s 
cross-gender behaviors and to create more opportunities for their child to have interactions 
with temperamentally compatible same-sex peers, feeling that these kinds of interactions 
help solidify a child’s appropriate sense of gender consistent with natal sex, and perhaps 
counteract pathologic infl uences contributing to the creation or persistence of cross-gender 
identity. At the other end of the spectrum are those professionals who believe the appropriate 
approach is to validate and celebrate the unique gender identity of each child,59 respecting 
the child’s right to express their gender as they wish, while keeping them safe in an often 
nonaccepting and hostile world. Most programs working with gender nonconforming and 
gender dysphoric children fall somewhere in the middle of the spectrum.52,53,60 Th ey tend not 
to focus on looking for sources of psychopathology as factors contributing to a child’s gender 
identity or gender dysphoria. Most feel that a good measure of the dysphoria experienced by 
children and youths comes from the negative responses of family, peers, and community to 
their cross-gender identity and expression. Th erefore, a signifi cant part of providing support 
to a child is to determine how safe and supportive that child’s environment is and to work 
with extended families, schools, places of worship, and other settings to ensure that a child 
is safe and validated in all areas of his or her life. Parents are provided information about 
gender dysphoria and its possible developmental trajectories, as well as the understanding, 
skills, and resources to support their child eff ectively, no matter what their gender identity or 
sexual orientation might eventually be. Most physicians take a “watchful waiting” approach 
toward the child, allowing the child to express their gender, although sometimes suggesting 
certain limits (for example, being allowed to cross-dress at home but not when they go to 
school). As a child approaches adolescence they are especially watchful for evidence that a 
child’s gender dysphoria, if present, may persist or desist. If it looks like it may persist then 
discussions with parents and child about possible future choices related to transition take 
place (for example, the initiation of pubertal suppression early in puberty). If it seems that 
the child’s gender dysphoria may desist, then there are other discussions to be had, includ-
ing considering the possibility that a child may later recognize a lesbian or gay identity, and 
providing family and child supportive resources in preparation for this possibility.

When faced with such a diverse and often contentious array of opinion and practice, 
what is a PCP to do when a family arrives in their clinic expressing concerns about their 
young child’s gender nonconforming behaviors, expressed cross-gender identity, or gender 
dysphoria? First, it is important to be familiar with the areas of consensus and controversy 
outlined above. Secondly, it is important to keep in mind the replacement of the GID 
diagnosis with gender dysphoria in the DSM-5. Th is means that gender nonconforming 
expression and cross-gender identity per se are now considered part of the normal spectrum 
of human diversity. Discomfort and distress over gender should be the focus of concern, 
and the goal of treatment is to prevent or ameliorate that distress, whether its origins 
are within a person’s psyche, in their environment, or perhaps both. It is important to 
remember that the goal of treatment is not to prevent homosexuality, and most physicians 
would agree that it is also not to change a child’s expressed gender identity. PCPs should 
be aware of and willing to access local and national resources that can support them in the 



Gender Expression and Identity Issues 425

provision of informed care to these children and youths and their families. If possible, it 
is very helpful to bring together a multidisciplinary team as described above, to support 
both the patient and the patient’s family over time, from childhood through adolescence 
and possibly into adulthood.

It is important to be open with parents about the varying approaches to working with 
gender nonconforming and gender dysphoric children, and about their underlying assump-
tions and goals. It is also important for PCPs to let parents know where they are on the 
spectrum of professional opinion about the appropriate treatment approach to these children 
and their families. PCPs or other team members should open the opportunity for a discussion 
of parental concerns, fears, and degree of comfort related to their child’s gender identity and 
expression. Th ey should also be asked what their hopes and expectations around treatment 
might be. Parents should be informed clearly that the goals of treatment are to prevent or 
diminish a child’s distress around gender, but not to change their gender identity or sexual 
orientation. Often parents fear that their child might someday be lesbian or gay, and may 
or may not have thought about the possibility of their child being transgender. Th e PCP 
should gently remind parents that any child might be gay, lesbian, bisexual or transgender, 
and let them know of the medical profession’s position that all these possibilities are con-
sidered normal developmental outcomes, while recognizing that not all segments of society 
yet agree. Th e PCP should also share, in lay terms, what is known about the developmental 
trajectories of children experiencing gender dysphoria—that in adolescence many do come 
to realize their lesbian or gay identities, while a much smaller number are transgender. Over 
time, as a child gets older, this issue should be revisited, off ering parents an opportunity to 
share their thoughts or concerns and allowing the PCP to correct misconceptions and con-
nect parents, childen, and youths to supportive resources.

Above all, PCPs should remind parents of the importance of expressing their uncondi-
tional love for their child and refraining from comments or actions that demonstrate disap-
proval of their child’s gender expression or identity. Th e Family Acceptance Project at San 
Francisco University has conducted research demonstrating the important role that parents 
play keeping their lesbian, gay, bisexual, and transgender children healthy and safe through 
the provision of acceptance and love.61 Th e PCP should share this understanding with all 
families, and provide them the skills and resources to accept and support their children no 
matter what their gender identity or sexual orientation might be.

Th e following sections continue the discussion by focusing on how PCPs can recognize 
and address the needs of transgender adolescents.

Physical Well-being
Gender nonconforming children and transgender youths face the same health issues as other 
young people. Th e health care they receive should be based on a comprehensive history, 
physical examination, and evaluative studies, not on their gender expression or identity. 
Nevertheless, the PCP should recognize that these children and youths often grow up in 
hostile environments that may have a negative eff ect on their physical well-being. Among 
these negative eff ects are the physical sequelae of substance use, poor nutrition caused by 
homelessness or disordered eating, unprotected sexual behaviors, self-harm, injuries from 
physical and sexual victimization, and hormonal or surgical transition treatments accessed 
outside of health care settings.
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Developmental, Social, and Emotional Well-being
In most ways, children with gender nonconforming expression and transgender youths are 
exactly the same as their peers. Th ey have the same needs for protection, nurturance, and 
love and the same hopes and dreams for the future. Th ey grow up in the same families and 
communities and attend the same schools and places of worship. Similar to other children, 
they face the fundamental task of achieving a sense of identity that integrates all aspects of 
who they are, including their sexual orientation and gender identity. Th is integration of 
sexual and gender identity, accompanied by a growing sense of comfort with that identity, 
is essential for the optimal health and well-being of each child and adolescent.

However, the experience of growing up as a child with gender nonconforming expression 
or as a transgender youth is diff erent in several important ways.15,62,63 Unlike their peers, these 
young people face an often lonely and sometimes frightening journey of self-discovery, attempt-
ing to understand 2 of the most fundamental aspects of who they are as human beings—their 
gender identity and their sexual orientation. Some of these children will recognize, often at 
a young age, that their inner sense of being female, male, or another gender diff ers from the 
gender that was assigned to them at birth. Some children and adolescents accommodate them-
selves to this growing awareness. Most, however, experience signifi cant confusion and distress, 
wondering what their feelings mean and uncertain of who they are. Growing up in a society 
that believes that a person is either male or female and that gender expression and identity must 
strictly refl ect biologic sex undoubtedly intensifi es their sense that something inside them has 
gone wrong. Many of these individuals become fi lled with an overwhelming mix of confusion, 
shame, anger, self-hatred, and despair. It is important to remember that most gender-dysphoric 
children eventually self-identify as lesbian, gay, or bisexual and no longer experience gender 
dysphoria as adolescents. Being lesbian, gay, or bisexual in an often-disapproving society may 
bring its own distinct set of developmental challenges.

Th e PCP’s role as educator and counselor is as important as that of medical physician 
in caring for gender nonconforming children, transgender youths, and their families. 
Th e PCP should avoid assumptions based on stereotypes and listen carefully to under-
stand each patient’s unique experience and needs. In general, the counseling of noncon-
forming and transgender youths will address 6 areas: (1) self-acceptance and validation 
of gender expression and identity, (2) safety, (3) connectedness to supportive others, 
(4) self-disclosure or coming out, (5) healthy relationships and sexual decision making, 
and (6) optimism for the future. Addressing each of these areas is essential in ensuring 
their healthy development. Th ese should be addressed over time and not all at an initial 
presentation or single visit.

Self-acceptance and Validation
Th e PCP can play an important role in countering the eff ects of disapproval and the patholo-
gizing of gender nonconforming expression and identity. For the gender nonconforming 
child, the PCP should state that although being diff erent in this society can be painful, 
the child’s gender nonconforming behavior can be healthy for that child. For transgender 
youths, the PCP should acknowledge the controversy around the use of gender dysphoria 
as a diagnostic category. PCPs should present being transgender as part of the tapestry of 
normal human identity and clarify that the primary issue of concern is distress that can often 
come from having a transgender identity in a society that is unaccepting. Th is validating 
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reassurance of healthiness and normalcy is perhaps the most powerful statement a PCP can 
make to gender nonconforming children and transgender youths and their families.

A growing number of older gender nonconforming children and transgender adolescents 
know a signifi cant amount about gender, gender identity, and gender expression. Many have 
done extensive research on the Internet, accessing YouTube videos and Web sites that are 
easily searchable, or connecting with other gender nonconforming and transgender youth 
on social media. Others, however, continue to be very isolated and know little or nothing 
about the nature and meaning of their emerging sense of identity. Th erefore, the PCP should 
conduct an initial inquiry into what the youth knows and has seen or read, and focus on 
correcting misconceptions, providing validation, and supporting empowerment. Gender 
nonconforming children can be reassured that many ways exist of being a boy or a girl and 
that their way is one of these many ways. Th ey can also be told that some children feel more 
like a girl inside and some more like a boy, or perhaps another gender, and that however they 
feel in terms of gender identity is all right. Transgender youths should be provided informa-
tion on sexual orientation, gender identity, and what it means to be transgender. Some of 
these adolescents may go through a period of confusion, not knowing whether they are gay, 
lesbian, bisexual, straight, transgender, or a combination of these. Th e PCP should inform 
the adolescent that such uncertainty is normal and that over time they will have a clearer 
understanding of who they are. Th e PCP may also provide brochures to adolescents facing 
issues of gender identity or refer them to supportive Web sites.64

Ethnic and other minority youths who are transgender may have an especially diffi  cult 
time. Th e PCP should discuss these issues with their patients openly and connect them to 
appropriate supportive resources within their communities and online.

Safety
Because gender nonconforming children and transgender youths endure higher rates of 
physical and sexual assault, harassment, discrimination, and social rejection, PCPs should 
ask gender nonconforming children and transgender youths about their safety in their home, 
school, place of worship, and broader community. If harassment or other harmful treatment 
is acknowledged, then the PCP should work with the youth and family to identify and 
implement appropriate strategies to end the violence. Many of these children and youths 
feel shame and are afraid to advocate for their own safety. Th ey may think they deserve the 
harm infl icted on them, or they may simply accept that this is the way the world is. Th e PCP 
should tell children and adolescents that they do not deserve such treatment and that they 
should expect and demand safety and respect from everyone in their lives and in all settings. 
Because gender nonconforming children and transgender youths have so few advocates, the 
PCP should off er to join with them in approaching every venue in which they experience 
violence, including the home and school, to work out a plan to end violence immediately 
and completely. Parents, PCPs, teachers, and others should also work together to ensure 
that schools and other community organizations create and implement policies and practices 
that ensure respectful treatment and appropriate accommodations for these children. Th e 
state of Massachusetts, for example, has developed a detailed policy statement about the 
responsibilities of schools to accept and support gender nonconforming and transgender 
students, which can serve as a model for other states. (See Tools for Practice at the end of this 
chapter.) Many states also have specifi cally designated offi  ces, often within state departments 
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of education, to combat bullying and harassment, including that specifi cally based on gender 
identity and expression. If necessary, the PCP should call on the state child welfare services 
offi  ce or advocacy organizations such as the American Civil Liberties Union to join in the 
eff ort to keep these young people safe.

Isolation
Because gender nonconforming children and transgender youths experience profound isola-
tion and loneliness, their physical and emotional health may be compromised. PCPs should 
address the issue of isolation by giving accurate information about gender expression and 
gender identity. Th ey should provide supportive and reassuring counseling, or they should 
refer the child or adolescent to colleagues who have the time, comfort, and expertise to 
provide them accepting and supportive care and counseling. PCPs should connect these 
children and youths to local community resources such as support groups and other youth 
programs. Children, youths, and families who do not have access to local programs should 
be informed about national organizations and Web sites created specifi cally for gender 
nonconforming children, transgender youths, and their families (see Tools for Practice). 
PCPs can also point out positive gender nonconfoming and transgender role models in the 
community or nationally. In certain circumstances, it is appropriate for transgender PCPs 
to present themselves as role models to transgender youths and their families.

Self-disclosure and Coming Out
Transgender adolescents often reach a point in their development at which they feel a strong 
urge to disclose their gender identity to others. Transgender youths often have a history of 
gender nonconforming expression as children. Th erefore others may have already assumed 
or sensed that they may be transgender or lesbian or gay. Some transgender youths, however, 
successfully conceal their gender identity, either by adapting their gender expression to fi t 
societal expectations consistent with their biologic sex or by labeling themselves or allowing 
others to perceive them as gay or lesbian. Th e process of disclosure to family and friends 
is often emotional and traumatic. Transgender youths who disclose their gender identity 
(come out) risk condemnation and rejection by family and peers. Th erefore, coming out 
should be considered carefully, weighing the risks and benefi ts. It is sometimes suggested 
that if an adolescent expects a negative response from parents, then the adolescent should 
wait to disclose until legally and fi nancially independent. However, many adolescents think 
that continuing to live a lie is intolerable and harmful to their self-esteem, and they come 
out earlier. A PCP should never reveal an adolescent’s gender identity to parents without 
permission unless imminent risk of harm exists. A PCP can play an important role in the 
process of disclosure by helping adolescents decide whether they are ready to come out to 
family or friends and helping them choose an appropriate time, place, and approach for 
disclosure. PCPs who feel they do not have the skills to provide such counseling eff ectively 
should refer to or collaborate with a therapist who can guide the teen and support the family 
through the coming out process.

Relationships and Sexual Decision Making
Most transgender youths have diffi  culty in meeting other transgender adolescents to estab-
lish friendships and share mutual support. PCPs should help connect transgender youths 
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to local LGBT teen support groups and LGBT-supportive programs in the community, if 
they exist. Th is task can be accomplished ethically without parental notifi cation. PCPs can 
suggest national telephone hotlines or Web sites where transgender youths can receive accu-
rate information and supportive counseling and can communicate with other transgender 
youths (see Tools for Practice). If these options are not available, then the PCP can serve as 
a supportive and reassuring lifeline until the adolescent is old enough to become indepen-
dent and possibly move away to attend school or work in a community more accepting of 
transgender people.

Transgender adolescents may be heterosexual, homosexual, or bisexual in their attractions 
and behaviors. Given the prevailing societal disapproval of transgender individuals, however, 
many transgender youths are afraid to reveal their gender identity to those with whom they 
might be interested in establishing a relationship. Th erefore, some transgender youths fi nd 
that their only options for exploring emotional and physical intimacy are through anony-
mous sexual encounters on the streets, in parks, or through Internet hookups. In addition 
to being potentially dangerous, these encounters are often accompanied by feelings of shame 
and degradation, which are harmful to an adolescent’s sense of identity and self-worth. Th at 
many transgender youths are eager to engage in the typical courting practices of adolescence, 
which normally take place in safer and more affi  rming circumstances, is evidenced in the 
great popularity of LGBT youth proms and other social gatherings in a growing number of 
communities across the United States.

Transgender youths who are in relationships face many of the same questions as their 
nontransgender peers: “Am I in love?” “What do I want from a relationship?” “Do I really 
want to be in this relationship?” “How do I know if this is a good relationship?” “How do 
I get out of this relationship?” In addition, transgender youths face the exceedingly diffi  cult 
questions of how and when to tell their potential boyfriend or girlfriend about their gender 
identity. A transgender-supportive PCP or therapist can help adolescents refl ect on and fi nd 
answers to these questions.

As with other adolescents, many transgender youths know little about sexuality and how 
to make healthy sexual choices. Abstinence is always the appropriate option for adolescents 
who do not feel ready for a sexual relationship. Transgender adolescents should understand 
that when they are ready for a sexual relationship, they can expect to lead healthy and fulfi ll-
ing sexual lives. All adolescents who have decided they are ready for a sexual relationship 
should be advised to limit their number of sexual partners and avoid mixing sex and alcohol 
or drugs so as to reduce their risk for infection, trauma, and sexual assault. Transgender 
youths, like other adolescents and depending on the sexual behaviors they engage in, are at 
risk for unplanned pregnancy and should be counseled on contraception. Not only could 
pregnancy lead to medical risks but it often can be extremely psychologically traumatiz-
ing to a gender nonconforming or transgender youth. Safer sex practices related to oral, 
vaginal, and anal sex should be reviewed in detail. Transgender youths should also be aware 
that no always means no in negotiating sex, and any forced or coerced sexual experience 
represents sexual assault.

Optimism for the Future
PCPs should not only focus on the risks that transgender youths face, but also identify 
specifi c strengths that have allowed them to survive and sometimes thrive in the face of 



Signs and Symptoms in Pediatrics430

an often hostile environment. Th ey should also challenge the belief of many transgender 
adolescents that their futures will be signifi cantly limited by their gender identity. Although 
some communities are more accepting of transgender people than others, many transgender 
adults lead happy, healthy, and productive lives. Although growing up transgender is often 
challenging, the future should be seen as hopeful and exciting. 

 TRANSITION CARE
Transition represents the emotional, psychological, social, physical, and legal processes trans-
gender persons experience to assume a body and gender role consistent with their gender 
identity. Th e transition process often begins in childhood and continues through adolescence 
into adulthood. Pubertal suppression, hormone therapy, and surgery are often the fi nal medi-
cal steps in this process. PCPs play an essential role in facilitating the patient’s transition 
from female to male, male to female, or perhaps to another gender. Th ey often have known 
their gender nonconforming and gender dysphoric patients since early childhood. As puberty 
approaches and it seems that gender dysphoria may persist into adolescence, they are in an 
advantageous position to provide patient and parents with detailed and accurate information 
about the nature and timing of transition, its limitations and benefi ts, and the choices that 
lie ahead. It is also important to share with families that, just as there is signifi cant contro-
versy around the understanding and management of gender dysphoria and gender variance 
in childhood, there is also controversy around certain aspects of the provision of medical 
transition care from early puberty through adolescence. Th is understanding is essential in 
order for patients and parents to give informed consent to treatment. At the same time, it 
is imperative for the PCP to be clear about where she or he stands within the spectrum of 
opinion on the medical management of transition, including pubertal suppression, hormonal 
treatment, and gender-affi  rmation surgery.

Th e PCP has an important role in helping patients and families identify possible natu-
ral transition points for initiating hormone therapy, such as when a patient is changing 
schools (for example, from middle school to high school) or a family is planning to move 
to a new home and neighborhood. Whether or not such transition points are identifi ed, it 
is important that the PCP work with school personnel before transition begins, educating 
them about what it means to be transgender and the social and psychological benefi ts of 
transition. Th e potential risk of harassment by other students or by school staff  should also 
be addressed. In order to ensure both respectful treatment and safety in the school setting, 
the PCP should advocate for the development of an IEP or other formal assurance that 
the transgender student’s preferred name and pronouns will be used in all school settings, 
both inside and outside the classroom and whether the student is present or not, and that 
appropriate restrooms and changing rooms are identifi ed and accessible.

In addition to facilitating and monitoring social and psychological aspects of transition, 
PCPs are playing an increasingly central role in the initiation and management of physical 
transition, including both pubertal suppression and hormonal therapy. Many PCPs still feel 
they do not have the training, experience, or time to do so eff ectively. Th erefore, they refer 
their patients with signifi cant gender nonconformity or gender dysphoria to gender special-
ists and other colleagues whom they feel have greater expertise in assessing gender issues and 
providing transgender care. At the same time, they retain their role as PCP and provider of 
a medical home. Many larger communities have endocrinologists and adolescent medicine, 
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family practice, and internal medicine physicians, as well as mental health physicians, who are 
experienced in providing medical care and counseling to gender dysphoric youths considering 
transition. Such physicians often can be located through local LGBT community centers or 
national organizations such as the Gay and Lesbian Medical Association. Many PCPs, how-
ever, practice in smaller communities with few or no physicians with such expertise. Th ese 
physicians should reach out to regional or other gender experts, through telemedicine and 
other means, to request their guidance in the evaluation and management of children and 
youths experiencing signifi cant gender nonconformity or gender dysphoria. Th us, through 
necessity, many PCPs have become experts on transgender care. Th ey recognize that for 
most gender dysphoric youths entering puberty, the provision of transition-related treat-
ments such as pubertal suppression and hormonal therapy (outlined below) is not elective 
but instead represents a standard of care, with the early institution of treatment predicting 
optimal improvement in both physical and psychological well-being.55,57,58

Guidelines are available to help PCPs and other physicians facilitate the transition pro-
cess. WPATH in 2011 published the seventh edition of Standards of Care for Transsexual, 
Transgender, and Gender Non-conforming People, which is considered to be among the most 
authoritative guides to providing medical and mental health transition counseling, treat-
ment, and support.14 Th e Endocrine Society also has developed detailed clinical practice 
guidelines on hormonal transition treatment for transgender adolescents and adults.56 In 
addition, several health centers experienced in providing comprehensive transgender health 
care have developed their own clinical guidelines.49,50 Th ese latter guidelines often approach 
transgender care based on an informed-consent model, which is premised on a belief in 
the ability of patients (and if a minor, their parents as well) to determine their own transi-
tion path if provided complete and unbiased information about transition choices and 
their benefi ts and limitations. Th is model diff ers markedly from the traditional approach to 
transition care, including those represented in earlier versions of the WPATH standards of 
care, which presented a very prescriptive and linear path to transition. Under these earlier 
standards, transition was presided over by medical and mental health gatekeepers who could 
decide who was eligible for transition treatments, as well as the nature, sequence, and timing 
of those treatments. Th e latest edition of the WPATH standards of care diff ers signifi cantly 
from previous versions. It is much more patient centered and allows for a fl exible approach 
in which recommendations related to transition care may be modifi ed on a case-by-case 
basis in order to address a patient’s specifi c needs and circumstances. Th e ultimate goal of 
the current WPATH standards of care is to reduce gender dysphoria and maximize physical 
and psychological well-being. It explicitly emphasizes that eff orts to change an individual’s 
gender identity or expression are considered unethical.

Regarding physical interventions for adolescents considering transition, WPATH suggests 
an approach consisting of 3 stages: (1) fully reversible interventions, using gonadotropin-
releasing hormone (GnRH) analogs in early puberty to suppress estrogen and testosterone 
production, thereby delaying the progression of puberty; (2) partially reversible interventions, 
consisting of hormone therapy to masculinize or feminize the body; and (3) irreversible 
interventions such as gender-affi  rmation surgery, generally occuring in adulthood. WPATH 
advocates a staged approach in order to allow the adolescent and parents time to adjust to 
one stage before moving on to the next. Th e involvement of a multidisciplinary team to 
support the adolescent and family through the signifi cant changes of physical, psychological, 
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and social transition is highly recommended, with the understanding that the role of each 
team member is to facilitate the process of timely transition and not to stand as a gatekeeper 
obstructing the path to receiving appropriate care, as has occurred in the past.

Despite WPATH’s staged model of transition care, it is important to recognize that the 
path of transition is not the same for everyone. Some individuals are satisfi ed to live their lives 
consistent with their gender identity in a social sense but have no urge to initiate hormone 
therapy or undergo surgery. Others seek hormone treatment but feel that surgical alteration 
of their bodies is unnecessary. Still others may choose partial surgical gender reassignment; 
for example, many FTM transgender individuals choose mastectomy but not genital recon-
struction. In addition, the transition process is not necessarily a linear one. Some individuals 
move back and forth between feelings of being more feminine or masculine and may present 
themselves diff erently to the world at diff erent times in terms of gender role and expression. 
Th is fl uidity of identity should be expected and supported by the PCP.

Pubertal Suppression
Pubertal suppression has become the standard of care for children entering puberty with 
persistent gender dysphoria, and it is advocated by both WPATH and the Endocrine Society. 
Puberty is suppressed through the administration of GnRH analogs, very similar to the treat-
ment of precocious puberty in younger children. Pubertal suppression as treatment for gender 
dysphoria represents an off -label use of this medication. GnRH analogs suppress the secretion 
of lutenizing hormone (LH) from the pituitary, resulting in suppressed levels of testosterone 
and estrogen, thereby postponing the development of secondary sexual characteristics. One 
proposed benefi t of pubertal suppression is that it allows an adolescent additional time to 
better understand his or her gender identity and with increasing maturity be able to make 
more informed decisions about whether to proceed with gender transition or not. A second 
benefi t is that pubertal suppression can prevent or postpone the emotional trauma that can 
accompany the development of secondary sexual characteristics refl ecting natal sex for most 
transgender youths, resulting in decreased gender dysphoria. A third benefi t is that pubertal 
suppression prevents the development of secondary sexual characteristics that often makes 
later physical transition much more diffi  cult. Hormonal therapy is much more eff ective in 
bringing about desired physical changes if the undesired pubertal changes refl ecting natal sex 
have not taken place. Suppression of unwanted pubertal changes may also decrease the need 
for more invasive interventions later, such as breast surgery, electrolysis, and tracheal shaving.

For a child experiencing persistent or emerging gender dysphoria, pubertal suppression 
should be initiated when the fi rst signs of puberty appear (which may occur as early as 
age 9).56 Suppression should continue until the adolescent is able to confi dently specify his 
or her gender identity. If an adolescent decides that his or her gender identity is consistent 
with natal sex, pubertal suppression is ended and puberty allowed to proceed. Th e hormonal 
infl uences of suppression are completely reversible with no compromise to subsequent puber-
tal development. If an adolescent confi rms a transgender identity, pubertal suppression is 
ended and cross-gender hormonal treatment is begun.

During pubertal suppression, the involvement of a supportive pediatric endocrinologist 
is recommended. Research on the use of GnRH analogs suggests the possibility of decreased 
bone mineral density in some patients during suppression treatment. However, current 
research suggests that children who have been on suppressive therapy catch up on bone 
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growth once they progress through puberty or are started on cross-gender hormone therapy.56 
Suppression therapy may also lead to irregular menses in biologic females, particularly if 
started later in pubertal development. An endocrinologist can help address these issues and 
can monitor attainment of gender-appropriate height, making appropriate adjustments to 
treatment as necessary. Th e few potential risks of suppression treatment must be weighed 
against the growing body of research documenting the positive outcomes on physical and 
psychological well-being resulting from the use of pubertal suppression in the management 
of gender dysphoric youth in early puberty and adolescence.58

Gender dysphoric youths whose natal sex is male should be informed, along with their 
parents, that pubertal suppression could result in insuffi  cient penile tissue if later penile-
inversion vaginoplasty is desired. However, skin grafts and colonic tissue may be used instead. 
PCPs should also have detailed discussions with patients and their parents about the eff ects of 
both pubertal suppression and cross-gender hormone therapy on future fertility. Youths who 
receive only pubertal suppression treatment should progress to full fertility once pubertal sup-
pression is discontinued and pubertal development resumes. Th ose who move from pubertal 
suppression directly to cross-gender hormone treatment likely will experience some degree of 
impaired fertility. Some patients may chose to have a hormone-free interval between pubertal 
suppression and the initiation of cross-hormone therapy in order to permit collection of 
sperm and oocytes for cryopreservation. Others have interrupted cross-gender hormone 
therapy later in life for the same purpose. Th e important thing is that this essential conversa-
tion take place, and that patients and their families are made aware of fertility experts that 
they may turn to for further consultation. Finally, families should be informed that pubertal 
suppression treatment is expensive and may not be covered by some insurance plans, although 
this likely will change as such treatment increasingly is recognized as a standard of care.

Th e primary controversy related to pubertal suppression therapy relates to when it should 
be started. Gender specialists agree that for children who have long-standing or emerging 
intense gender dysphoria at the onset of puberty, pubertal suppression should be initiated 
early. While some guidelines suggest beginning therapy at Tanner Stage 2 or 3, many advo-
cate beginning treatment with the fi rst physical or hormonal evidence of puberty, early in 
Tanner Stage 2.56

Hormone Therapy
Th e off ering of hormonal therapy, like pubertal suppression, represents a standard of care 
for adolescents experiencing gender dysphoria. A number of protocols are available that 
address the evaluation and hormonal treatment of transgender adolescents.14,49,50,56 Th ere 
is uniform agreement across protocols on the appropriateness of hormonal treatment for 
transgender adolescents, supported by research showing the signifi cant benefi ts of hormonal 
transition in terms of both physical and psychological well-being.55,58 Certain aspects of 
these protocols, however, continue to be quite controversial. Th e most signifi cant among 
these refl ects a debate among physicians about the appropriate age for initiating hormonal 
therapy. Historically, the age of 16 was most often cited, accompanied by a belief that a 
16-year-old would be better able than a younger adolescent to make informed, mature deci-
sions around treatment that could lead to irreversible physical changes. In fact, age 16 was 
initially recommended solely because the age of majority in the Netherlands, where most early 
treatment protocols were developed, was 16, and represented the age at which adolescents 
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in that country could consent to their own care. Th e latest edition of WPATH’s standards 
of care as well as the recommendations of others working in the fi eld of transgender health  
allow for fl exibility in determining the age of hormonal treatment initiation, advising that 
such decisions should be made on a case-by-case basis, with age 16 set only as a guideline 
and with allowances made for earlier initiation.14,57,65 In fact, many families and children 
seek care much earlier than age 16, and many centers initiate hormone therapy much earlier 
than 16 and sometimes as young as age 12. Th ese centers see no reason to delay treatment 
unnecessarily, because the trauma of experiencing puberty refl ecting natal sex or being told 
to wait for years in a suspended peripubertal state as peers continue to develop, is signifi cant, 
and may even be life threatening. PCPs should discuss these issues openly with families and 
youths, considering the question, “For this particular child, what is the rationale for sup-
pressing puberty for 3 to 5 years? Does this child in fact display uncertainty regarding his or 
her gender identity that dictates waiting this long to end suppressive treatment or initiate 
hormonal therapy?”

While many centers operate under a belief that mental health support is an essential 
component of transition, it should not delay or become a barrier to accessing appropriate 
and timely treatment. WPATH’s standards of care state directly that “refusing timely medical 
interventions for adolescents might prolong gender dysphoria and contribute to an appear-
ance that could provoke abuse and stigmatization. As the level of gender-related abuse is 
strongly associated with the degree of psychiatric distress during adolescence... withholding 
puberty suppression and subsequent feminizing and masculinizing hormone therapy is not 
a neutral option for adolescents.”14

Male-to-Female Hormone Treatment
Estrogen is the mainstay of MTF-transgender hormone therapy. For adolescents, most 
physicians prescribe estrogen sublingually or transdermally, to avoid fi rst-pass metabolism. 
Protocols also cite oral and injectable forms as options. For transgender individuals, many 
of the “side eff ects” of estrogen therapy are in fact desirable eff ects. Expected changes include 
breast development, softening of skin, increase in subcutaneous fat and its redistribution 
to the thighs and buttocks, diminished body hair, fewer erections, and testicular atrophy. 
Patients may also experience decreased libido, weight gain, and emotional changes. Some 
of these changes may be irreversible, continuing even after possible discontinuation of treat-
ment. Fertility will be impaired while on estrogen therapy and possibly even if estrogen 
treatment is discontinued. Th is should be discussed openly with patients and their parents, 
as should the option of cryopreservation of sperm if desired. Estrogen treatment is gener-
ally safe in adolescents.66 Although PCPs should be aware of the precautions generally 
noted for estrogen therapy,49 including the possibility of blood clots in high-risk populations 
such as smokers, medical contraindications to estrogen treatment in adolescents are rare. 
Antiandrogens, such as spironolactone, fi nasteride, and GnRH analogs, are routinely added 
to the regimen to suppress the action of endogenous testosterone, augment breast devel-
opment, and soften facial and body hair. Gonadectomy serves a similar purpose although 
generally is not considered until age 18 or older as part of gender affi  rmation surgery.

Female-to-Male Hormone Treatment
Th e FTM transition is facilitated through the use of testosterone administered through injec-
tion, patch, or topical gel. Testosterone treatment is generally safe in adolescents. Among the 
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potentially desirable “side eff ects” of testosterone treatment for these patients are increased 
facial and body hair, clitoral enlargement, vagina atrophy, cessation of menses, male pat-
tern baldness, deepening of voice, decreased fat mass, increased muscle mass and strength, 
a more masculine body shape, increased weight, more prominent veins, coarser skin, and 
mild breast atrophy. Patients may also notice increased acne, mood changes, and increased 
libido. Some of these changes may be irreversible. Fertility will likely be impaired during 
testosterone treatment, although it may return if treatment is interrupted. PCPs should 
discuss this openly with patients and their families, and should also discuss options for 
cryopreservation of oocytes before treatment is begun.

Other Treatments
Some transgender individuals will seek other treatments to facilitate physical and psychosocial 
transition to their appropriate gender. Often these treatments will occur after the adolescent 
years, partly because these procedures are expensive and not yet covered by many insurance 
plans. Because many of these treatments involve irreversible changes, most protocols recom-
mend deferring them until at least age 18, especially those that represent gender affi  rmation 
surgery. MTF-transgender individuals may seek reconstructive surgery, including penectomy, 
orchiectomy, vaginoplasty, clitoroplasty, vulvoplasty, breast and gluteal augmentation, tra-
cheal shaving, and facial reconstruction. Electrolysis or other hair-removal procedures may 
be sought. Silicone injections also may be sought to obtain a more feminine body contour. 
FTM-transgender individuals may seek chest reconstruction surgery, hysterectomy, oophorec-
tomy, phalloplasty, and other genital reconstruction. Both MTF and FTM individuals may 
seek voice therapy and professional guidance in how to present themselves as male, female 
or another gender through body language, facial expression, gait, posture, and mannerisms. 
Although these surgical, cosmetic, and other procedures often take place after adolescence, 
discussing these options and their benefi ts and limitations and making appropriate referrals 
should be part of the PCP’s anticipatory guidance of transgender youths.

 PARENTS
Parents who come to recognize their child’s gender nonconforming behavior or trans-
gender identity may experience a variety of emotions: confusion, fear, sadness, concern, 
embarrassment, guilt, anger, or disgust, but also acceptance and celebration. Th ese feel-
ings should be discussed openly and with compassion. Many parents fear for their child’s 
safety and happiness. Many of them fear that their child may eventually self-identify 
as lesbian or gay. In many instances these concerns and fears are not raised on visits to 
the PCP or are referred to only indirectly (“My son is a sensitive child,” or “My daughter 
is defi nitely a tomboy”). Th e PCP should be sensitive to any cues of parental worry 
about gender nonconformity and ask parents simply, “Do you have any concerns 
about your child’s behaviors?” or even better, “Have you had any concerns that your son’s 
[daughter’s] behaviors or interests are more feminine [masculine] than other children’s 
his [her] age?” Most concerned parents, although perhaps embarrassed, are relieved to 
have such a discussion. Th e PCP’s primary role in working with parents is to help them 
understand and celebrate their gender nonconforming child and support them in their 
eff orts to keep their child happy, healthy, and safe.

Parents should be referred to Web sites, books, brochures, and media resources geared to 
parents of gender nonconforming children.67
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Parents should be assured that with love, validation, and support their children should 
grow up to be happy, healthy, and productive adults, no matter what their gender expression, 
gender identity, or sexual orientation might be. Th e National Children’s Medical Center 
has developed guidelines to help parents in their provision of support for their children.

Box 33-1 lists ways parents can support their child, and Box 33-2 lists pitfalls parents 
should try to avoid.

BOX 33-2

Children’s National Medical Center Pitfalls to Avoid 
as Parents of Gender-variant and Transgender Youth
• Avoid fi nding fault. No blame exists. Your 

child’s gender variance came from within, 
not from you as parents. Blame will get in 
the way of enjoying your child.

• Do not pressure your child to change, be-
cause this will cause much pain and harm.

• Do not blame the victim. Do not accept 
bullying as just the way things are. No one 
has the right to torment or criticize others 
because they are diff erent.

Box 33-1

Children’s National Medical Center Outreach 
Program Guidelines for Parents of Gender-variant 
and Transgender Youth
• Love your child for who your child is. Love, 

acceptance, understanding, and support are 
especially important when peers and society 
are often intolerant of diff erence.

• Question traditional assumptions about 
gender roles and sexual orientation. Do not 
allow societal expectations to come between 
you and your child.

• Create a safe space for your child, allowing 
your child always to be who the child is, 
especially in the child’s own home.

• Seek out socially accepted activities (sports, 
arts, hobbies) that respect your child’s 
interests while helping your child fi t in 
socially.

• Validate your child and your child’s inter-
ests, supporting the idea that more than 
one way exists to be a girl or boy. Speak 
openly and calmly about gender variance 
with your child. Talk about these subjects 

in positive terms, and listen as your child 
expresses feelings of being diff erent.

• Seek out supportive resources (books, vid-
eos, Web sites, support groups) for parents, 
families, and children.

• Talk about gender variance with other 
signifi cant people in your child’s life, 
including siblings, extended family 
members, babysitters, and family friends.

• Prepare your child to deal with bullying. 
Let your child know that he/she does not 
deserve to be hurt. Be aware of behaviors 
that suggest bullying may be occurring, 
such as school refusal, crying excessively, 
or complaining of aches and pains.

• Be your child’s advocate. Expect and insist 
on acceptance, respect, and safety wherever 
your child is. Parents may need to educate 
school staff  and others about the special expe-
rience and needs of gender-variant children.

Adapted from Children’s National Medical Center. If you are concerned about your child’s gender behaviors: a guide for 
parents. (http://childrensnational.org)

Adapted from Children’s National Medical Center. If you are concerned about your child’s gender behaviors: a guide for 
parents. (http://childrensnational.org)

http://childrensnational.org
http://childrensnational.org
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 ADVOCACY
Because of their expertise and position of respect, PCPs are in an advantageous position to 
advocate on behalf of children with gender nonconforming behaviors, transgender youths, 
and their families. PCPs should encourage parents, siblings, and extended family to accept 
and love these young people unconditionally. Th e PCP should also be willing to meet with 
school personnel, child and youth welfare program staff , and others to share information 
about gender nonconformity and transgenderism. Because schools are a major part of a 
child’s or adolescent’s life, and because they are often the site where signifi cant harassment 
and bullying of gender nonconforming and transgender youths take place, it is especially 
important that PCPs provide advocacy at all levels of local educational systems. Th is includes 
advocacy for the adoption of antiharassment policies specifi cally addressing harassment based 
on gender identity and expression as well as sexual orientation. It also includes advocating 
for mandated training of teacher and social service providers and policies that ensure that 
transgender youths are safe and treated respectfully, such as through the use of preferred 
names and pronouns, designation of appropriate bathrooms and changing rooms, and allow-
ing a student to participate in graduation ceremonies and other activities based on gender 
identity rather than natal sex.

For PCPs seeking to advocate for societal change, encouraging the development 
and implementation of policies, procedures, and programs that recognize and respect the 
individuality of these children and youths and address their special needs for validation and 
safety is esssential. Th e PCP may also provide testimony at offi  cial meetings and hearings 
on proposals to add gender identity and expression to laws and school policies prohibiting 
discrimination, bullying, and harassment. Th e PCP may also advocate for the inclusion of 
meaningful medical school, residency training, and continuing medical education curricula 
on the life experience and health needs of children with gender nonconforming behaviors and 
transgender individuals and how to meet these needs in a respectful and eff ective manner. 
Finally, the PCP should encourage professional organizations to develop policy statements 
and clinical guidelines to support them in their work with these young people and their 
families.

When to Refer

Refer to a child behavioral, adolescent, or gender specialist whenever a child or adolescent
• Shows signifi cant gender nonconforming behaviors, particularly if they are concerning

to parents or have resulted in rejection or mistreatment by family members, peers, or 
others. Ideally, referral will be made before possible dysphoria arises.

• Shows signs or symptoms of gender dysphoria, including expression of dissatisfaction
or distress related to their birth-assigned gender or insistence that they are of another 
gender.

• Refer to a child and adolescent psychiatrist or other mental health professional whenever
a child or adolescent.

• Experiences persistent or recurrent depressed or anxious mood that interferes with function.
• Has acute or recurrent suicidal ideation or self-injury.
• Evidences isolation from peers or family members.
• Engages in substance use or other high-risk behaviors.
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It should be noted that referrals for therapy to change an adolescent’s gender identity or 
expression are considered unethical.14

TOOLS FOR PRACTICE
Community Advocacy and Coordination
• FORGE (Web page), FORGE (forge-forward.org)
• Guidance for Massachusetts Public Schools: Creating a Safe and Supportive School Envi-

ronment (article), Massachusetts Department of Elementary and Secondary Education 
(www.doe.mass.edu/ssce/genderidentity.pdf )

• TransYouth Family Allies (Web page), (www.imatyfa.org)

Engaging Patient and Family
• Camp Aranu’tiq (Web site), Harbor Camps, Inc. (www.camparanutiq.org)
• Family Acceptance Project (Web site), Marian Wright Edelman Institute, San Francisco 

State University (familyproject.sfsu.edu)
• Get Support (Web page), Parents, Families, and Friends of Lesbians and Gays (PFLAG) 

(community.pfl ag.org/staff /transgender)
• I Th ink I Might Be Transgender, Now What Do I Do? (booklet), Youth Resource (www.

advocatesforyouth.org/component/content/article/731-i-think-i-might-be-transgender-
now-what-do-i-do)

• If You Are Concerned About Your Child’s Gender Behaviors: A Guide for Parents (booklet), 
Children’s National Medical Center: Outreach Program for Children with Gender-
Variant Behaviors and Th eir Families (childrensnational.org/~/media/cnhs-site/fi les/
departments/gender-and-sexuality-development-program/gvparentbrochure.ashx?
la=en)

• Legal Resources (Web page), Trans Youth Equality Foundation (www.transyouthequality.
org/legal-resources)

• Resources: Parenting and Family (Web page), Gender Spectrum (www.genderspectrum.
org/resources/parenting-and-family-2/#more-432)

• Resources: Teens (Web page), Gender Spectrum (www.genderspectrum.org/resources/
teens-2/#more-428)

• Th e Transgender Child: A Handbook for Families and Professionals (book), Cleis Press
• Th e Trevor Project (Web site), (www.thetrevorproject.org)
• Transparenthood (blog), (www.transparenthood.net)
• Youth and Education (Web page), Trans Youth Equality Foundation (www.

transyouthequality.org/youth-and-education)

Medical Decision Support
• Guidelines for Care of Lesbian, Gay, Bisexual, and Transgender Patients (guideline), Gay 

and Lesbian Medical Association (glma.org/_data/n_0001/resources/live/GLMA%20
guidelines%202006%20FINAL.pdf )

• Patient Health Questionnaire (PHQ) Screeners (screen), Pfi zer Inc. (www.phqscreeners.
com)

• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.
org/psychiatry/services/psc_forms.aspx)

• Standards of Care for the Health of Transsexual, Transgender, and Gender Nonconforming 
People (article), International Journal of Transgenderism, Vol 13, 2011 (www.wpath.org/
uploaded_fi  les/140/fi  les/IJT%20SOC,%20V7.pdf )

http://www.doe.mass.edu/ssce/genderidentity.pdf
http://www.imatyfa.org
http://www.camparanutiq.org
http://www.advocatesforyouth.org/component/content/article/731-i-think-i-might-be-transgender-now-what-do-i-do
http://www.advocatesforyouth.org/component/content/article/731-i-think-i-might-be-transgender-now-what-do-i-do
http://www.advocatesforyouth.org/component/content/article/731-i-think-i-might-be-transgender-now-what-do-i-do
http://www.advocatesforyouth.org/component/content/article/731-i-think-i-might-be-transgender-now-what-do-i-do
http://www.transyouthequality.org/legal-resources
http://www.transyouthequality.org/legal-resources
http://www.genderspectrum.org/resources/parenting-and-family-2/#more-432
http://www.genderspectrum.org/resources/parenting-and-family-2/#more-432
http://www.genderspectrum.org/resources/teens-2/#more-428
http://www.genderspectrum.org/resources/teens-2/#more-428
http://www.thetrevorproject.org
http://www.transparenthood.net
http://www.transyouthequality.org/youth-and-education
http://www.transyouthequality.org/youth-and-education
http://www.phqscreeners.com
http://www.phqscreeners.com
http://www.massgeneral.org/psychiatry/services/psc_forms.aspx
http://www.massgeneral.org/psychiatry/services/psc_forms.aspx
http://www.wpath.org/uploaded_files/140/files/IJT%20SOC,%20V7.pdf
http://www.wpath.org/uploaded_files/140/files/IJT%20SOC,%20V7.pdf
familyproject.sfsu.edu
community.pflag.org/staff/transgender
http://www.forge-forward.org
www.childrensnational.org/~/media/cnhs-site/files/departments/gender-and-sexuality-development-program/gvparentbrochure.ashx?la=en
www.glma.org/_data/n_0001/resources/live/GLMA%20guidelines%202006%20FINAL.pdf
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• Strengths & Diffi  culties Questionnaires (screen), Youth in Mind, Ltd. (www.sdqinfo.com)
• Transgender Persons (Web page), Centers for Disease Control and Prevention (www.cdc.

gov/lgbthealth/transgender.htm) 

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Adolescence. Sexual orientation and adolescents. Pediatrics. 
2004;113(6):1827–1832 (pediatrics.aappublications.org/content/113/6/1827.full.html)

American Academy of Pediatrics Committee on Adolescence. Offi  ce-based care for lesbian, gay, bisexual, 
transgender, and questioning youth. Pediatrics. 2013;132(1):198–203 (pediatrics.aappublications.org/
content/132/1/198.full.html)
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Chapter 34

Headache
Jack Gladstein, MD

For a pediatrician, a chief complaint of headache can be daunting. Although the outcome 
is most often benign, the worry of both the parent and the clinician centers on the fear of 
missing a tumor or other serious condition. Given the constraints of time in a busy offi  ce, 
an effi  cient but caring approach will allay the anxiety of both the family and the physician.

 CLINICAL APPROACH
Part 1: Establish the Right Pattern
All headaches in the pediatric age group fall into 4 patterns as described by Rothner1 (see 
Figure 34-1). Th e most common pattern is called acute and recurrent, characterized by periods 
of normalcy between attacks. Severe attacks accompanied by autonomic symptoms (nausea/
vomiting, photophobia and/or phonophobia) ensure the diagnosis of migraine. Milder 
attacks are called tension type headaches. Th e migraine patient may also have milder tension 
type headaches, and because these headaches still respond to triptans the distinction in a 
migraine patient is basically irrelevant. Children who never get autonomic symptoms but have 
this pattern have pure tension type headache, and do not respond to triptan medications. 
In children, location of the headache is less important diagnostically than in adults. Ninety 
percent of migraine in the pediatric age group is bilateral. Pain can be under the eyes or even 
in the neck area. If the pattern is still acute and recurrent, and there are autonomic symptoms, 
the diagnosis is migraine. Most children and teens have migraine without aura. Children 
who have migraine with aura often describe wavy lines at the periphery of their vision.2

In the context of headache, a simple acute headache is less of a diagnostic dilemma. It can 
be caused by meningitis, encephalitis, systemic viral or bacterial infection. Subarachnoid 
hemorrhage features a severe headache that gets to full force instantly. Patients describe feel-
ings of being shot or punched in the head. Th ere can sometimes be accompanying fever or 
neck stiff ness. Th e speed of headache onset is what is important here.

Th e pattern of chronic progressive headache, where symptoms get worse and worse over 
weeks, should alert the physician that a tumor or other serious pathology looms. Pain is often 
worse in the morning and gets a little better as the day goes on. Systemic or neurologic signs 
and symptoms further add to the worry. Posterior fossa tumors are often accompanied by 
wobbly gait. Frontal tumors may present with unilateral weakness. Tumors of the pituitary 
area manifest with changes in visual acuity or problems with growth; adolescent girls may 
have secondary amenorrhea.

Chronic nonprogressive headache either evolves from a previous headache pattern or pres-
ents without previous headache history. In transformed or chronic migraine there is a history 
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of prior acute intermittent headache accompanied by autonomic symptoms. Over time, 
the pain has become almost daily, with intermittent spikes in headache resembling bad 
migraine. In chronic tension type headache (CTTH), there is a history of episodic ten-
sion type headaches. With no history of migraine attacks, triptans have no role in this 
condition. In new daily persistent headaches (NDPH), the daily headache comes out of 
nowhere, often after a viral syndrome or mild head trauma. Whereas TM or CTTH 
responds well to a multidisciplinary approach, NDPH is more of a troublesome prob-
lem, often puzzling even the most experienced headache specialist. Patients with the 
chronic nonprogressive pattern of headache require imaging because there is no return 
to normalcy between attacks.

Part 2: Establish Disability With 2 Questions
Since an acute headache is not, from the point of view of headache, a diagnostic dilemma, and 
chronic progressive headaches warrant timely evaluation for serious intracranial pathology, 
the issue most commonly facing the physician is how to proceed artfully and effi  ciently to 
manage most patients who come to attention with headaches. For both intermittent migraine 
and chronic daily headache the fi rst priority is to assess how disabled the child is, using as 
meaures absenteeism and presenteeism. Absenteeism refers to the number of days missed from 
school, work or after-school activities. Presenteeism refers to days when, although present, 
the child cannot learn or fully participate because of headaches. Worsening of school grades 
can result either from the child being absent or, if present, having performance adversely 
aff ected by headache. Th e more disabled the child is, the heftier the required intervention.

Figure 34-1
All headaches fi t in this diagram. The severity of the headache is on the Y axis, and time measured in days 
is on the X axis. (From Rothner AD. The evaluation of headaches in children and adolescents. Semin Pediatr 
Neurol. 1995;2(2):109–119, with permission from Elsevier.)
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Having properly categorized the headache from the initial history, decided whether or not 
serious underlying pathology is a consideration, and assessed how disabling the headaches 
are for the child’s normal functioning, the physician can next fi ll in details, including family 
history of headache, medications tried, comorbidities, “stuff ” going on at home, triggers, level 
of stress, and sleep and eating patterns. Th is information will set the table for the assessment 
to be shared with the family at the end of the visit, when it is important to reinforce healthy 
habits for headache prevention. At this point, if worry level has dropped, it is a good time 
to say something like, “nothing so far makes me worried about a brain tumor.”

Part 3: Physical Examination
With the physical examination, the physician should look particularly for arrest of growth, 
puberty, or menstruation. Examination of the skin should be thorough, looking for lesions 
suggestive of a neurocutaneous disorder such as neurofi bromatosis. Th e neurologic examina-
tion should include looking for abnormalities of the optic discs, impaired extraocular move-
ments, visual fi eld defects, evidence of ataxia on gait and rapid nose-to-fi nger movement, 
and asymmetric refl exes. When the history has already established a pattern of headaches 
that does not raise concern about serious underlying illness, the physical examination off ers 
the opportunity for the physician to reinforce how reassuring are the benign fi ndings: “With 
something serious, like a brain tumor, we would expect this part of the examination to be 
abnormal.” If all is normal, a summary statement is appropriate to reassure that nothing in 
the history or physical examination raises concern about a tumor or anything else serious.

Part 4: Imaging
Children and adolescents with a history consistent with migraine, who have a normal neu-
rologic examination, do not need magnetic resonance imaging (MRI). Patients with either 
systemic symptoms (arrested growth, puberty, or menstruation), abnormal neurologic fea-
tures on history or physical examination, abrupt onset of severe headache, or a change in 
pattern to a more chronic headache, should have an MRI.

Part 5: Management
Th e following sections will discuss the principles for treatment of migraine and chronic daily 
headache (see Figure 34-2).

Migraine Principles
PRINCIPLE 1: PATIENTS WITH MIGRAINE HAVE A MORE SENSITIVE BRAIN. Children 

with migraine are more sensitive to internal and external triggers than children without head-
aches.3 Th erefore, migraine suff erers must not miss meals, must sleep at regular intervals, must 
exercise regularly, and must learn to manage their stress. When alerted, children are adept at 
fi guring out what causes their headaches, often making it possible to modify or eliminate their 
identifi ed triggers. Some strategies may include having a snack at school, cutting out some 
extracurricular activities, or assessing for an undiagnosed learning disability.4

PRINCIPLE 2: TREAT ATTACKS AT FIRST TWINGE. With bee sting allergy, one does 
not wait until anaphylaxis sets in before seeking treatment. Similarly with migraine, medi-
cations work best the earlier they are given. Once a migraine is full blown, medication that 
previously was eff ective often will not work. 
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PRINCIPLE 3: TREAT ATTACKS WITH HIGH DOSES OF ORAL MEDICATION. A 
migraine starts a few hours before the patient notices. In particular, the stomach has delayed 
emptying. Th erefore by the time headache is apparent, acute medication should be given in 
suffi  cient dose to ensure that a reasonable amount passes through the gastroparetic stomach.5 
For most patients attacks are episodic, so there is no harm if high doses of the medication 
are used to treat a migraine attack.

PRINCIPLE 4: DON’T WAIT UNTIL YOU ARE SURE IT IS A MIGRAINE. Children with 
migraines who have a tension type headache still respond to triptans; so treating at the fi rst 
twinge, even if that results in a few headaches being overtreated, off ers more benefi t than 
risk. Th e alternative, waiting too long and compromising the eff ectiveness of treatment, is 
far worse.

PRINCIPLE 5: INVOLVE TEACHER AND NURSE. Children are in school for a large 
portion of their lives. If a migraine strikes during the school day, the “alarm bell” should 
go off  for that child, and the teacher and nurse should know to respond with treatment 
immediately.

Figure 34-2 
Algorithm for pediatric headache.

Daily: is the pattern
progressing?

No need for
tryptan

Intermittent: are autonomic
symptoms present?

3+ days of school
missed per month:

prevention medicine
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missed per month:
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headache: no MRI

necessary

No Yes
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MRI necessary
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How much
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PRINCIPLE 6: TRIPTANS ARE OK. Once principles 1 to 5 have been addressed, the 
child with migraines should go home with a plan to include healthy lifestyle changes, urgings 
to treat early, an explanatory letter to the school with authorization to treat, and a prescrip-
tion for medication. Only a few triptans (sumatriptan nasal spray and eletriptan tabs) have 
thus far received FDA approval for use in children. Although studies have demonstrated 
excellent effi  cacy, they have not been able to prove benefi t over placebo (see Table 34-1 and 
Table 34-2). Triptans are safe, with no negative outcomes in any of the studies,6 and are 
available in low doses for preschool and school-aged children, and for adolescents.

PRINCIPLE 7: WHO NEEDS PROPHYLAXIS? A follow-up visit should be scheduled 
within 2 to 6 weeks to evaluate whether or not progress has been made. At the follow up, if 
absenteeism and presenteeism have not diminished to an acceptable level despite the initial 
interventions described above, the child should receive either a nonpharmacologic or phar-
macologic long-term treatment plan. Since they require substantial practice and a large time 
commitment, nonpharmacologic treatments work well only for patients invested in their 
recovery. Relaxation techniques, biofeedback, cognitive behavior therapy, and acupuncture 
can all be eff ective. Th e appropriate strategy is to try to treat comorbidities while avoiding 
medications that will make other conditions worse. Obese patients should use topiramate 
and avoid valproate, amitriptyline, and cyproheptadine. A patient with an eating disorder 
should avoid topiramate. A child with a sleep disorder may benefi t from amitriptyline, while 
for patients with seizures either topiramate, gabapentin, or valproate may be appropriate. 
With hypertension, either propranolol or verpapmil might be eff ective. Propranolol should 
not be prescribed for a child with depression. Whichever medication is selected, begin slowly 
and gradually increase the dose until either therapeutic eff ect is reached or side eff ects ensue 

Table 34-1
Short-acting Triptans

TRIPTAN TABLET (mg) MELT (mg) NASAL (mg) SUBCUTANEOUS (mg)

Almotriptan 6.25; 12.5 — — —

Eletriptan 20; 40 — — —

Rizatriptan 5; 10 5; 10 — —

Sumatriptan 25; 50; 100 — 5; 20 4; 6

Zolmitriptan 2.5; 5 2.5; 5 5 —

Table 34-2
Longer Acting and Combination Triptans

TRIPTAN TABLET (mg) MELT (mg) NASAL (mg) SUBCUTANEOUS (mg)

Frovatriptan 2.5 — — —

Naratriptan 1; 2.5 — — —

Sumatriptan/Naproxen 85/500 — — —

Frovatriptan and naratriptan have longer half-lives than other triptans and may be used for menstrual 
migraine prophylaxis, or for migraine recurrence.
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(see Box 34-1). In the absence of side eff ects, the medication should be given time to become 
eff ective before deciding to change.

PRINCIPLE 8: WHEN TO REFER. A primary care physician should be able to prescribe 
medication, and recommend lifestyle changes and a prevention modality. If improvement 
is not reported, then referral to a headache specialist is indicated. 

Chronic Daily Headache Principles
PRINCIPLE 1: RULE OUT INTRACRANIAL PATHOLOGY. Unlike migraine, which 

does not require neuroimaging, chronic daily headache does. Because migraine is so 
common, with an estimated yearly prevalence of 10% to 25% (at least among adults),7 
many people diagnosed with brain tumors will have also had migraines. Th e change in 
the pattern of the headaches to daily chronic is what necessitates the MRI. Computed 
tomography scanning is not adequate because it does not delineate the posterior fossa 
well enough.

PRINCIPLE 2: IDENTIFY PATTERN: TRANSFORMED MIGRAINE VS CHRONIC 

TENSION TYPE HEADACHE VS NEW DAILY PERSISTENT HEADACHE. Transformed 
or chronic migraine will still have migraine spikes with autonomic symptoms, and these 
will respond to triptans. Suff erers of CTTH do not have migraine, and will not respond to 
triptans. Patients with NDPH may or may not have migraine spikes: if present, use triptans; 
if not, then no.

PRINCIPLE 3: REMOVE ACUTE MEDICATIONS OVERUSED ON A DAILY 

BASIS. Overuse of analgesics can itself lead to headaches. Stopping an overused medi-
cation can be done “cold turkey” or gradually over a month or so. If an analgesic is 
removed acutely, the physician should provide comfort measures, knowing that the 
headache will get worse for a few days. Such comfort measures might include intrana-
sal dihydroergotamine, or a long-acting drug like frovatriptan or naratriptan. Families 
should be told to begin the transition over a weekend, preferably a long one, to avoid 
unnecessary absence from school. If the medication is tapered gently over a month, the 
patient and family must be warned there will be spikes in headache activity during the 
withdrawal.

PRINCIPLE 4: START OR REINFORCE HEALTHY HEADACHE HABITS. 

PRINCIPLE 5: STAY IN SCHOOL. Try to avoid health related home schooling, which 
will only make it harder to reintegrate once the child is better. School attendance forces 

Box 34-1

Dose Ranges of Preventive Medications
• Amitriptyline 10–75 mg qhs
• Cyproheptadine 2–18 mg qd
• Divalproex sodium 125–500 mg tid
• Gabapentin 300–1,200 mg tid

• Propranolol 40–120 mg tid
• Topiramate 25–200 mg bid
• Verapamil 80–240 mg tid

bid, twice daily; qd, every day; qhs, every night at bedtime; tid, 3 times per day. 
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the child to get up early and have a daily routine. Sleep patterns are easier to regulate, and 
tendencies towards isolation and depression are lowered.

PRINCIPLE 6: START A NONPHARMACOLOGIC AND/OR PHARMACOLOGIC 

INTERVENTION. Someone with daily headache needs an intensive approach, as described 
in migraine Principle 7.

PRINCIPLE 7: WATCH OUT FOR UNDETECTED DEPRESSION OR ANXIETY. Consider 
referral for counseling as part of the comprehensive approach to the child with chronic headache.

PRINCIPLE 8: WHEN TO REFER. Ideally, all children and adolescents with chronic 
daily headache should be seen by a specialist. Many communities do not have an expert in 
pediatric headache, or even a pediatric neurologist with an interest in chronic headache. In 
such a setting, the principles listed above can guide the initiation of treatment, with a timely 
follow up in a month or so to confi rm that progress has been made. If not, then referral is 
necessary. Th e primary care physician should also be familiar with local community mental 
health resources, as well as acupuncturists, physical therapists, and therapists with expertise 
in biofeedback and relaxation training. 

 PROGNOSIS
Short-term studies show great improvement for both episodic and chronic headache with 
appropriate treatment. However there are no long-term studies tracking either childhood 
migraine or chronic daily headache cohorts over a long period of time. Th e goal of the pedia-
trician should be to prevent chronic headaches by treating migraine early and eff ectively.

 SUMMARY
Th is approach allows the physician to diagnose, assess, and treat headache eff ectively while 
addressing the concerns of the child and family. Identifying benign patterns of headache 
reassures the family and the physician, whereas identifying a worrisome pattern directs the 
child with a potentially serious condition to a diagnostic MRI. Promoting healthy headache 
activities, identifying comorbidities, and assessing the degree of disability will guide the 
prescription of acute or chronic medications and nonpharmacologic interventions. Th e 
pediatrician can properly manage most patients with headache, but referral to a specialist 
is indicated when improvement is not seen after these measures have been implemented.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Headaches (Web page), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/head-neck-nervous-system/Pages/Headaches.aspx)

Medical Decision Support
• http://pediatrics.aappublications.org/content/132/5/e1173.abstract
• http://pediatrics.aappublications.org/content/132/1/e9.abstract
• http://pediatrics.aappublications.org/content/132/1/e1.abstract

ADDITIONAL RESOURCES
1. Pediatric headaches in Clinical Practice Hershey AD, Powers SW, Winner P, Kabbouche MA. Eds. Wiley

Blackwell, Hoboken NJ, 2009
2. Headache in Children and Adolescent Winner P, Rothner AD. Eds. BC Decker, Ontario, Canada, 2001

http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Headaches.aspx
http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Headaches.aspx
http://pediatrics.aappublications.org/content/132/5/e1173.abstract
http://pediatrics.aappublications.org/content/132/1/e9.abstract
http://pediatrics.aappublications.org/content/132/1/e1.abstract
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3. AmericanHeadacheSociety.org
4. ACHE.org
5. Gladstein J, Rothner AD. Pediatric headache: Introduction. Semin Pediatr Neurol. 2010;17(2):87
6. Gladstein J, Rothner AD. Chronic daily headache in children and adolescents. Semin Pediatr Neurol. 

2010;17(2):88–92
7. Pakalnis A, Gladstein J. Headaches and hormones. Semin Pediatr Neurol. 2010;17(2):100–104
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Chapter 35

Hearing Loss
Anne Marie Th arpe, PhD; Douglas P. Sladen, PhD; Ann Rothpletz, PhD

Pediatricians are usually the fi rst health care practitioners approached by parents when they 
have concerns about their child’s hearing, and in the course of a typical practice a pediatri-
cian will encounter approximately a dozen children with severe-to-profound hearing loss.1 
Although when the hearing loss is severe parents become concerned about their child’s hear-
ing rather early (at approximately 6 months of age), milder degrees of hearing loss typically 
do not generate concern until the child reaches school age. As such, it is imperative that 
pediatricians recognize the signs, symptoms, and risk factors for hearing loss in children 
and become aware of appropriate referral paths. It is also important to note that despite the 
widespread implementation of newborn hearing screening, such programs are designed to 
identify moderate and greater degrees of hearing loss, not mild degrees of loss. Th erefore, 
even a child who passed a hearing screening in the newborn period might still have hearing 
loss that was missed by or acquired after the screening. Th is chapter addresses permanent 
hearing loss in children, not transient losses that often accompany otitis media.

 DEMOGRAPHICS
Rubella and meningitis were once leading causes of severe-to-profound hearing loss in 
children; but the advent of vaccines for these disorders has virtually eliminated hearing 
loss caused by congenital rubella and dramatically reduced hearing loss resulting from 
meningitis. Genetic mutations are now the most common cause of congenital hearing 
loss, accounting for 50% to 60% of all cases. Consequently, severe-to-profound hearing 
losses are not as common as they once were, and milder degrees of hearing loss are more 
prevalent.2

Although the prevalence of severe bilateral hearing loss in newborns is estimated to be 
1 per 1,000, estimates for mild or minimal losses approach 1 per 20 in school-aged children.2 
In the neonatal intensive care unit (NICU), estimates of hearing loss range from 20 to 
40 per 1,000.1 Minimal hearing loss is defi ned as thresholds greater than 25 dB HL at 2 or 
more frequencies above 2,000 Hz, pure tone average between 15 and 25 dB HL bilaterally, 
or unilateral hearing loss of any degree.2 Th is increase in reported prevalence from the new-
born period to school age is the result, in part, of not including minimal and mild losses as 
targets of newborn hearing screening, as well as the addition of losses that progress or are 
acquired later in childhood (eg, meningitis).

Figure 35-1 is the audiogram of a child with normal hearing sensitivity in both ears 
such that all the speech sounds fall within the range of audibility. Two of the more typical 
patterns of minimal-to-mild hearing loss are demonstrated in Figure 35-2 and Figure 35-3. 
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Figure 35-2 is the audiogram of a child with normal hearing sensitivity for all frequencies 
through 1,000 Hz but a high-frequency hearing loss, a pattern typical with ototoxic drug use 
or perinatal anoxia. Although this child would be expected to develop speech and language 
in a timely manner, distortions or omissions of the high-frequency consonant sounds of 
speech are expected. Parents may report that the child has diffi  culty hearing in the presence 

Figure 35-1
An audiogram refl ecting normal hearing sensitivity in both ears.
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Figure 35-2
An audiogram refl ecting a high-frequency hearing loss bilaterally.
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of background noise but seems to have little diffi  culty in quiet settings. Th e hearing loss 
depicted in Figure 35-3 is a profound unilateral loss of the left ear that is not typically identi-
fi ed until a child enters school unless the child receives a hearing screening in the newborn 
period. A child with unilateral hearing loss may reach age-appropriate speech and language 
milestones but experience diffi  culty hearing in the presence of background noise. In addition, 
children with unilateral hearing loss typically demonstrate diffi  culty localizing sound sources.

Although these patterns of hearing loss are termed mild or minimal, building evidence 
suggests that their eff ect is far from benign. School-aged children who have minimal and 
mild losses have been found to experience greater academic, communicative, social, 
and emotional diffi  culty than normally hearing children. In fact, approximately 35% of 
children with minimal hearing losses fail at least 1 grade in school compared to an overall 
failure rate of approximately 3%.2,3

 ASSOCIATED SIGNS AND SYMPTOMS
Th e Joint Committee on Infant Hearing (JCIH) has published a list of risk factors that 
provides an excellent starting place when attempting to identify hearing loss in children.4 
However, approximately 35% to 50% of children with hearing loss will not have any known 
risk factors,5,6 making a complete history and keen observation accompanied by hearing 
screening essential if hearing loss is to be identifi ed early. Although most congenital hearing 
loss is hereditary, a negative family history is common: 80% of inherited hearing loss results 
from autosomal-recessive transmission, 18% from autosomal-dominant transmission, and 
approximately 2% from X-linked recessive transmission. Furthermore, even children with 
dominantly inherited hearing loss may have families who demonstrate incomplete pen-
etrance. Evidence of the gene expression can be highly variable. In addition, most children 
with inherited hearing loss are nonsyndromic, providing no additional clues and potentially 

Figure 35-3
An audiogram refl ecting a profound hearing loss of the left ear.
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limiting the pediatrician’s level of suspicion. However, 20% of children with congenital sen-
sory hearing loss have an associated syndrome (eg, Alport syndrome, Waardenburg syndrome) 
or progressive loss (eg, Usher syndrome). Children with Down syndrome are at high risk for 
conductive hearing loss, as well as a higher-than-average risk for sensory loss.

Infants in the NICU may also be at increased risk for neural conduction or auditory 
brainstem dysfunction, including auditory neuropathy/dyssynchrony, a disorder character-
ized by a unique constellation of behavioral and physiologic auditory test results.7,8 Children 
with auditory neuropathy/dyssynchrony have normal outer cochlear hair cell function, but 
dyssynchronous signal fi ring at the level of the VIIIth cranial nerve. Th ey exhibit a range of 
sensitivity from normal hearing to profound hearing loss and poor speech perception ability 
(often worse than would be expected based on the degree of hearing loss). Infants who receive 
intensive neonatal care are at increased risk for auditory neuropathy/dyssynchrony, as are 
children with a family history of childhood hearing loss and infants with hyperbilirubinemia. 
However, some children with auditory neuropathy/dyssynchrony have no history of these risk 
factors. Currently, neither the prevalence of auditory neuropathy/dyssynchrony in newborns 
nor the natural history of the disorder is clearly understood, and treatment options are not 
well defi ned. Many children with auditory neuropathy/dyssynchrony do not benefi t from 
the use of hearing aids but do benefi t from cochlear implantation. Audiologic and medical 
monitoring of infants at risk for auditory neuropathy/dyssynchrony is recommended.

Th e signifi cant speech and language delays associated with severe to profound childhood 
hearing loss are typically obvious to parents and physicians; but because identifi cation of 
milder degrees of hearing loss may prove more elusive, children who exhibit behavioral, social, 
or academic diffi  culties should be screened for hearing loss in addition to those with speech 
and language delays or disorders. Some of the concerns expressed commonly by parents of 
children with milder forms of hearing loss are included in Table 35-1.

 IDENTIFICATION APPROACHES
Th e 2007 position statement of the JCIH recommended that identifi cation of and inter-
vention for congenital hearing loss in children should follow a 1-3-6 rule. Th at is, all infants 
should have access to hearing screening no later than 1 month of age, confi rmation of 
hearing loss by 3 months of age, and early intervention services no later than 6 months 
of age.4 Th e recommendations of the JCIH are widely accepted, although signifi cant 
concerns remain with follow-up. A signifi cant percentage of infants who fail the screening 
do not return for follow-up testing. According to the Centers for Disease Control and 
Prevention, only 70% of infants with hearing loss receive appropriate diagnostic testing 
by 3 months of age and only 56% receive intervention prior to 6 months of age.9 Th e 
pediatrician plays an important role in the identifi cation of childhood hearing loss for 
several reasons. First, many infants lost to follow up can be recaptured when they are seen 
in pediatricians’ offi  ces for well- or sick-baby visits. Second, even if infants have passed a 
hearing screening at birth, many children with hearing loss acquire their defi cits after the 
newborn period. Finally, the JCIH recommends that universal newborn hearing screening 
programs target permanent, bilateral, or unilateral hearing loss averaging 40 dB or greater, 
a target level that will necessarily miss some minimal and mild hearing loss. Th e obvious 
implication is that, even for children who have passed their newborn hearing screenings, 
pediatricians should be vigilant in monitoring hearing status and, with any suspicion of 
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hearing loss by parents or others, should arrange for hearing assessments by audiologists 
experienced in working with children.

When an infant or child fails a hearing, speech, or language screening measure in the 
pediatrician’s offi  ce, referral for a full audiologic evaluation is recommended. Unfortunately, 
at least 1 study suggested that more than half of children who failed hearing screenings in pri-
mary care practices did not receive rescreenings or referrals for further testing.10 Audiologists 
with pediatric experience can defi ne the degree of hearing loss and distinguish among conduc-
tive, sensory, and neural types of loss in children of all chronologic ages and developmental 
levels. Evaluation of hearing in infants and young children consists of a combination of 
physiologic and behavioral measures. For infants younger than approximately 6 months, 
testing is typically limited to physiologic measures because their behavioral responses are 
not yet reliable enough for defi ning the extent of hearing loss. 

 MANAGEMENT
Th e early identifi cation of hearing loss in children is of little value if timely intervention 
does not follow. Many children have conductive and sensorineural hearing losses that are 
not amenable to medical treatment. For these children, several options remain, the most 
familiar being traditional hearing aids, which are devices designed to pick up sounds in the 
child’s environment and convert them to electrical signals that are amplifi ed, fi ltered, and 
converted back to acoustic signals by a receiver. For children in noisy settings (eg, child care 
centers, classrooms), frequency-modulated (FM) systems can be used alone or in combination 

Table 35-1
Explanations for Parental Concerns Regarding Their Child’s 

Hearing Acuity
PARENTAL COMMENTS EXPLANATIONS

“He can hear me when he wants 
to hear me. Sometimes he just 
ignores me.”

Children who have mild hearing losses may have little or no 
diffi culty listening in quiet settings. However, if background 
noise is present they may have more diffi culty.

“When I call her, she has to look 
around for me. She never seems 
to know where I am in the house.”

Children who have unilateral hearing loss often have diffi culty 
localizing a sound source.

“When we are in crowds, I have to 
call his name several times before 
he responds.”

Children who have high-frequency or other mild hearing losses 
often have diffi culty hearing in the presence of background 
noise.

“My child is exhausted when she 
comes home from school.”

Children who have minimal or mild hearing loss may be fatigued 
by the effort exerted to listen throughout the day.

“His speech is very diffi cult to 
understand. I don’t think it’s 
his hearing, because he always 
responds when I call him.”

Children who have high-frequency hearing loss may have 
poor speech production because they are unable to hear high-
frequency speech sounds (consonants) even though they can 
hear low- and mid-frequency sounds clearly.

“My child is doing poorly in 
school, but I know she under-
stands the material because we 
go over her homework at night.”

Children who have minimal hearing loss may have diffi culty hear-
ing in school settings because of the background noise. When 
working at home in a 1-on-1 situation, they may demonstrate no 
hearing diffi culties because the acoustic conditions are good.
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with hearing aids. Th ese systems use a microphone worn by the teacher to amplify only the 
teacher’s voice while minimizing the interfering background noise. Th e signal is transmitted 
to the child via an FM signal, which is received by a hearing aid or loudspeaker.

Most children who have hearing loss benefi t from some form of amplifi cation. However, 
in cases of severe-to-profound hearing loss, conventional amplifi cation might not be enough. 
An alternative to traditional hearing aids for these children is the cochlear implant, a 
surgically implanted device with electrodes that are coiled into the cochlea to stimulate the 
auditory nerve with electrical current. Although cochlear implants do not restore normal 
hearing and children vary markedly in the benefi ts they derive from the implant, most 
experience at least an awareness of sound, and some reach a high level of speech recogni-
tion, enabling the development of normal speech and language skills.11 Children are eligible 
for cochlear implants at age 1 year, although some exceptions for earlier implantation can 
be made. Children who receive their cochlear implants at an early age (ie, prior to 3 years 
of age) tend to benefi t more from the implant than children who receive their implants at 
older ages. All children who have cochlear implants are considered at risk for pneumococcal 
meningitis. Pediatricians should ensure these children are up to date on the 
pneumococcal vaccine recommendations. All vaccines should be administered at least 
2 weeks or more prior to cochlear implant surgery.9

As the gatekeepers for children’s health care, pediatricians are responsible for recognizing 
the signs and symptoms of hearing loss in their young patients. Only through the vigilance 
of pediatricians and other health care practitioners will the age of identifi cation of hearing 
loss in children be lowered, thus avoiding delays in intervention.

For infants with permanent hearing loss, communication with the state’s coordinator for 
early hearing detection and intervention should ensure that the child and family are enrolled in 
appropriate early intervention services as soon as possible following identifi cation of hearing loss. 
Such services can include speech-language and communication intervention, behavioral therapy, 
and family counseling or support. Th e pediatrician should also ensure that the child has received 
a thorough medical evaluation to determine the cause of the hearing loss, including a genetics 
consultation. Furthermore, because of the high incidence of vision problems in children with 
hearing loss, a referral for ophthalmologic evaluation may be warranted. Children with perma-
nent hearing loss are especially vulnerable to the eff ects of otitis media with eff usion because 
additional hearing loss secondary to the eff usion can negatively aff ect the audibility of speech 
through hearing aids. Accordingly, pediatricians must closely monitor and manage children who 
have persistent otitis media with eff usion. Finally, approximately 30% to 40% of children with 
hearing loss have additional disabilities. Th erefore periodic developmental screening and surveil-
lance, as recommended by the JCIH,4 is an integral part of the management of these children.

When to Refer

Th e 2007 position statement of the JCIH lists risk indicators for delayed-onset hearing 
loss. In addition to any babies who do not pass their newborn hearing screenings, children 
whose medical history includes 1 or more of the following indicators should be referred for 
audiologic testing:
• Caregiver concerns regarding hearing, speech, language, or developmental delay
• Family history of permanent childhood hearing loss
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• Neonatal intensive care of more than 5 days or any of the following regardless of length 
of stay: ECMO, assisted ventilation, exposure to ototoxic medications (gentimycin and 
tobramycin) or loop diuretics (furosemide), hyperbilirubinemia that requires exchange 
transfusion

• In utero infections, such as CMV, herpes, rubella, syphilis, and toxoplasmosis
• Craniofacial anomalies, including those that involve the pinna, ear canal, ear tags, ear 

pits, and temporal bone anomalies
• Physical fi ndings such as white forelock that are associated with a syndrome known to 

include a sensorineural or permanent conductive hearing loss
• Syndromes associated with hearing loss or progressive or late-onset hearing loss such 

as neurofi bromatosis, osteopetrosis, and Usher syndrome; other frequently identifi ed 
syndromes include Waardenburg, Alport, Pendred, and Jervell and Lange-Nielson

• Neurodegenerative disorders such as Hunter syndrome, or sensory motor neuropathies 
such as Friedreich ataxia and Charcot-Marie-Tooth syndrome

• Culture-positive postnatal infections associated with sensorineural hearing loss, includ-
ing confi rmed bacterial and viral meningitis

• Head trauma, especially basal skull/temporal bone fractures that require hospitalization
• Chemotherapy

TOOLS FOR PRACTICE

Engaging Patient and Family
• Your Baby Needs Another Hearing Test (handout), Maternal Child Health Bureau, Health 

Resources and Services Administration and American Academy of Pediatrics (www.
medicalhomeinfo.org/downloads/pdfs/Anotherhearingtest.pdf )

Medical Decision Support
• Hearing Loss in Children (Web page), Centers for Disease Control and Prevention (www.

cdc.gov/ncbddd/hearingloss/index.html)
• Hearing Loss in Children: Information About Early Hearing Detection and Intervention 

(EHDI) State Programs (Web page), Centers for Disease Control and Prevention (www.
cdc.gov/ncbddd/hearingloss/ehdi-programs.html)

• NIDCD Fact Sheet: When a Newborn Doesn’t Pass the Hearing Screening (fact sheet), 
National Institute on Deafness and Other Communication Disorders (www.
medicalhomeinfo.org/downloads/pdfs/NIDCDFactSheetHowMedicalandOther
Professionals.pdf )

AAP POLICY STATEMENT

American Academy of Pediatrics Joint Committee on Infant Hearing. Year 2007 position statement: prin-
ciples and guidelines for early hearing detection and intervention programs. Pediatrics. 2007;120(4):898–921 
(pediatrics.aappublications.org/content/120/4/898.full)
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Chapter 36

Heart Murmurs
Christine Tracy, MD; Christine A. Walsh, MD

A heart murmur is a common fi nding during the physical examination of children. However, 
few children with heart murmurs have structural cardiac disease. Th e challenge for the 
pediatrician lies in distinguishing innocent murmurs from those that indicate a cardiac 
abnormality.

 CARDIAC CYCLE AND ASSOCIATED HEART SOUNDS
Th e pediatrician needs to understand the events of the cardiac cycle and its associated heart 
sounds when determining the signifi cance of a heart murmur. Heart sounds are directly 
related to the hemodynamic events of systole and diastole (Figure 36-1).

Th e fi rst heart sound (S1) is related to the closure of the mitral and tricuspid valves at 
the end of diastole, when the ventricles are completely fi lled. Th e ventricles then undergo a 
period of isovolumic contraction, followed by opening of the aortic and pulmonary valves. 
Rapid systolic ejection ensues, followed by a phase of reduced ejection later in systole.

Th e second heart sound (S2) is created by the closure of the aortic and pulmonary valves 
at the end of systole. Th e fi rst component of S2 is created by the closure of the aortic valve 
(A2), and the second component of S2 is created by the closure of the pulmonary valve (P2). 
During inspiration, P2 occurs after A2, generating an audibly split S2 (A2-P2). During exhala-
tion, the closures of the aortic and pulmonary valves are nearly coincident, creating a single 
S2. Abnormal splitting of S2 can be a clue to structural heart disease, but splitting of S2 can 
be diffi  cult to appreciate in infants or children with accelerated heart rates.

Wide splitting of S2 is associated with prolonged ejection from the right ventricle, as 
occurs with conditions such as an atrial septal defect (ASD), in which S2 is widely split and 
fi xed. A narrowly split S2 is associated with pulmonary hypertension, in which closure of the 
pulmonary valve is early, or aortic stenosis, when closure of the aortic valve is delayed. Failure 
of S2 to split at all can be the result of simultaneous closure of the aortic and pulmonary 
valves during all phases of the respiratory cycle, found with conditions that result in high 
pulmonary artery pressure. A single S2 can also be associated with certain congenital cardiac 
anomalies, such as truncus arteriosus and tetralogy of Fallot, or with a single ventricle after 
the bidirectional Glenn shunt or the Fontan operation.

Th ird and fourth heart sounds may also be appreciated during physical examination. 
Th e third heart sound (S3) is heard early in diastole, during the initial phase of passive rapid 
ventricular fi lling. It is a low-frequency sound that can be best heard at the left lower sternal 
border or at the apex. An apical S3 can frequently be heard in healthy children, particularly in 
competitive athletes. Usually pathologic, the fourth heart sound (S4) is also a low-frequency 
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sound but is heard late in diastole, just before S1. It results from rapid fi lling of the ventricle 
caused by atrial contraction. An S4 gallop is associated with decreased ventricular compli-
ance (as is seen in cardiomyopathy) and congestive heart failure. Auscultation of an S4 gallop 
warrants an evaluation by a pediatric cardiologist.

Clicks may also be audible during the cardiac cycle. Ejection clicks are heard in systole; 
the timing of the click in the cardiac cycle helps elucidate the cause. An early systolic click, 
heard just after S1, is associated with semilunar valve stenosis (aortic stenosis or pulmonary 
stenosis) or dilation of the great arteries (the aorta or pulmonary artery). Aortic valve clicks, 
best heard at the apex or right upper sternal border, do not vary in intensity with respiration. 
Pulmomary valve clicks increase in intensity with exhalation, and they are best heard along 
the left sternal border. A midsystolic apical click is heard with mitral valve prolapse and may 
be accompanied by a late systolic murmur.
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  Figure 36-1
 Pressure time relationships of the left-sided heart chambers are illustrated during the normal cardiac cycle. 
AV ,  aortic valve; ECG, electrocardiogram; LA, left atrium; LV, left ventricle; mm Hg, millimeters of mercury; 
MV, mitral valve; S 1 , fi rst heart sound; S 2 , second heart sound. ( From Lilly LS.  Pathophysiology of Heart 
Disease.  3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. Used by permission .)         
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 CARDIAC ANATOMY
In evaluating a child with a heart murmur, the physician must understand the anatomy of 
the heart and its position in the chest. Th e location of the heart murmur on the chest wall 
can serve as an important tool in deciding whether the murmur is innocent or pathologic. 
Figure 36-2 demonstrates the location of the valves of the heart in relation to their position 
on the chest wall.

 PATIENT EVALUATION
History
A complete and accurate history is one of the most important aspects of evaluating a 
cardiac murmur in children because the clinical context in which the murmur occurs 
provides clues to the cause of a heart murmur. Th e history should include the patient’s 
chief complaints and medical history, including the birth history and family history 
(Box 36-1).

Physical Examination
Evaluation of a cardiac murmur involves much more than auscultation of the heart. A 
complete physical examination in the child or adolescent with a heart murmur is needed to 
put the murmur in perspective. Pertinent aspects of the physical examination in a patient 
with a heart murmur are outlined in Table 36-1.

 CARDIAC EVALUATION
A detailed cardiac examination includes thorough inspection, palpation, and 
auscultation.

Aortic area
(2nd-3rd right interspace)

Pulmonic area
(2nd-3rd left interspace)

Tricuspid area
(left lower 
sternal border) Mitral area

(apex)

  Figure 36-2
Areas of cardiac auscultation are governed by the location of the heart valves in relation to their position 
on the chest wall. ( From Lilly LS.  Pathophysiology of Heart Disease.  3rd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2003. Used by permission. )          
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BOX 36-1

Raised Index of Suspicion for Cardiac Disease
PATIENT HISTORY

• Poor weight gain or diffi  culty feeding
• Frequent respiratory diffi  culties or respira-

tory distress
• Cyanosis
• Exercise intolerance
• Chest pain with exercise
• Unexplained syncope (especially syncope 

resulting in injury)
• Concurrent syndromic disorder or genetic 

disease
• Concurrent metabolic disorder or storage 

disease
• Sickle cell anemia or blood dyscrasias 

resulting in anemia
• History of cardiotoxic chemotherapy
• Concurrent human immunodefi ciency virus 

disease
• Hypertension

BIRTH HISTORY

• Maternal diabetes
• Maternal TORCH (toxoplasmosis, other 

agents, rubella, cytomegalovirus, herpes 
simplex) infections during pregnancy

• Multiple gestation pregnancy
• In vitro fertilization pregnancy
• Maternal drug use (either legal or illicit), 

known teratogens
• Abnormal amniocentesis
• Abnormal fetal ultrasound
• Maternal history of congenital heart disease

FAMILY HISTORY

• Congenital heart disease
• Sudden cardiac death or unexplained death 

in young people
• Hypertrophic cardiomyopathy
• Infantile Marfan syndrome

Inspection
Inspection begins with a general assessment of appearance, nutritional status, genetic abnor-
malities, color, and comfort. Th e chest wall should then be inspected for abnormalities, 
including deformities such as a pectus excavatum, asymmetry, and surgical scars.

Palpation
Palpation should include more than the chest, beginning with the extremities to assess perfu-
sion, pulses, capillary refi ll, and temperature. Th e precordium is then palpated to identify 
the point of maximal impulse (PMI) and to detect thrills. Under normal conditions, the 
PMI represents the activity of the left ventricle and is palpated in the left fourth or fi fth 
intercostal space in the midclavicular line. Activity of the right ventricle is appreciated in 
the fourth to fi fth intercostal space along the left lower sternal border. Abnormal intensity 
or location of the PMI or of the right ventricle’s activity is suggestive of a cardiac anomaly. 
Th rills can be palpated in the suprasternal notch (suggesting aortic valve disease or coarcta-
tion of the aorta), along the left upper sternal border (suggesting pulmonary valve disease), 
along the right upper sternal border (suggesting aortic valve disease), or along the left lower 
sternal border (in association with ventricular septal defects [VSDs]). A thrill is an abnormal 
fi nding and warrants referral to a pediatric cardiologist.

Auscultation
A systematic approach to auscultation of the heart ensures that each major anatomic area of 
the heart is heard in systole and diastole. Th e major areas of auscultation on the precordium 
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are the apex, the left lower sternal border, the left mid or upper sternal border, and 
the right upper sternal border. Th ese areas correspond to each atrioventricular and semilunar 
valve, as well as the outfl ow tracts of the right and left ventricles (see Figure 36-2). Th e 
physician should also auscultate the left and right infraclavicular areas, the axillae, and 
the back. Auscultation for systolic or continuous blood fl ow noises (bruits) should be 
performed over the liver and fontanelle. A bruit suggests an arteriovenous malformation. 
Th e patient should be examined in the supine, sitting, and left lateral decubitus posi-
tions. Other postural maneuvers, such as squatting or standing, or performing a Valsalva 
maneuver, may be useful during auscultation. Auscultation includes an assessment of S1 
and S2, including the nature of the splitting of S2. Noting any S3 and S4, murmurs, clicks, 
and rubs completes the auscultation.

 EVALUATION OF HEART MURMUR
A heart murmur is usually the result of turbulent blood fl ow. Random fl uctuations in veloc-
ity and pressure during blood fl ow result in vibration of the surrounding tissue, which is 
auscultated as a murmur. A complete description of a heart murmur includes its intensity, 
timing, location, radiation, and quality.

Intensity
Murmur intensity is graded on a scale of I to VI for murmurs in systole (Table 36-2). Some 
cardiologists use a scale of I to IV for murmurs in diastole (Table 36-3). Th e intensity of a 

Table 36-1
Physical Examination to Evaluate a Heart Murmur

SITE FINDING

Vital signs Temperature, heart rate, respiratory rate, height, weight
Blood pressures in the right arm, left arm, leg
Pulse oximetry on room air (right hand and either foot if infant)

General Cyanosis, pallor, dysmorphic features, overall distress
Breathing pattern: retractions, grunting, nasal fl aring

Head and neck Jugular venous distention
Thyromegaly, thyroid nodules

Chest Chest wall deformity, asymmetry, surgical scars
Lung aeration
Rales, rhonchi, wheezes, stridor

Cardiac Inspection
Palpation
Auscultation

Abdominal Liver span
Tenderness
Distention, ascites

Extremities Perfusion: capillary refi ll, temperature, quality of pulses
Clubbing, cyanosis, edema
Arachnodactyly, joint laxity (Marfan syndrome)
Increased arm span, upper-to-lower body ratio (Marfan syndrome)
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murmur does not necessarily refl ect the severity of the abnormality. For example, a small 
VSD may have a very loud murmur, but critical aortic stenosis may have a very soft murmur 
if cardiac output is low.

Timing
Timing refers to the point in the cardiac cycle at which the murmur is heard. Murmurs are 
described as being systolic, diastolic, or continuous.

Systolic murmurs occur between atrioventricular valve closure (S1) and semilunar 
valve closure (S2). Systolic murmurs are further divided into ejection (crescendo–
decrescendo) murmurs, holosystolic (pansystolic) murmurs, and late systolic murmurs 
(Figure 36-3).

Ejection murmurs, which may be innocent or pathologic, begin shortly after S1, peak in 
intensity, and then end at or before S2. All innocent systolic ejection murmurs are grade I 
to III. Pathologic ejection murmurs can be of any intensity. Th ey may result from obstructed 
blood fl ow across a semilunar valve (aortic or pulmonary stenosis), in which case an ejection 
click may usher in the murmur. Other pathologic ejection murmurs without associated clicks 
arise from excessive volume crossing a normal semilunar valve (ASD). Holosystolic murmurs 
start with S1 and continue to S2 at the same level of intensity, sometimes obscuring S2. Th ese 
murmurs result from movement of blood from a higher-pressure chamber to a lower-pressure 
chamber, such as with a VSD or mitral regurgitation. Late systolic murmurs are associated 
with mitral valve prolapse and resultant mitral regurgitation; they are classically preceded 
by a mid- or late-systolic click.

Table 36-3
Intensity of Diastolic Murmurs

GRADE DESCRIPTION

I Barely audible

II Soft, but immediately heard

III Easily heard

IV Very loud

Table 36-2
Intensity of Systolic Murmurs

GRADE DESCRIPTION

I Barely audible

II Soft, but easily audible

III Moderately loud without a thrill

IV Moderately loud with a thrill

V Loud with a thrill, heard with stethoscope partly on the chest

VI Loud with a thrill, heard with stethoscope off the chest
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Diastolic murmurs occur between semilunar valve closure (S2) and atrioventricular 
valve closure (S1); they are further divided into early-, mid-, and late-diastolic murmurs 
(Figure 36-4). Diastolic murmurs are all pathologic and require referral to a pediatric cardi-
ologist. Early-diastolic murmurs begin immediately after S2 and are decrescendo in nature; 
they become less audible as the ventricle fi lls. Aortic insuffi  ciency and pulmonary insuf-
fi ciency are heard in early diastole. Mid-diastolic murmurs occur during rapid ventricular 
fi lling. Murmurs of mild mitral and tricuspid stenosis are heard in mid diastole. Late-diastolic 

Systolic Murmurs

Ejection type
• Aortic stenosis
• Pulmonary stenosis

Pansystolic 
(holosystolic)
• Mitral regurgitation
• Tricuspid regurgitation
• Ventricular septal

defect

S1 S2

S1 S2

S1 S2Click

Late systolic
• Mitral valve prolapse

  Figure 36-3
 Classifi cation of systolic murmurs. S 1 , fi rst heart sound; S 2 , second heart sound. ( From Lilly LS.  Pathophysiology 
of Heart Disease.  3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. Used by permission .)         
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(presystolic) murmurs occur near the end of diastole, during atrial contraction. Severe mitral 
stenosis or tricuspid stenosis murmurs increase in late diastole.

Continuous murmurs extend across portions of systole and diastole. Th ey are almost 
always vascular in origin and are caused by aortopulmonary (eg, patent ductus arteriosus) 
or arteriovenous (eg, arteriovenous malformation) connections, turbulent fl ow in collateral 
arteries (eg, coarctation of the aorta), turbulent fl ow in veins (eg, venous hum), or a surgical 
shunt. With the exception of the innocent venous hum (Table 36-4), continuous murmurs 
are pathologic. Th ey tend to wax and wane in intensity through the cardiac cycle, often 
diminishing in late diastole (Figure 36-5). A somewhat diff erent auscultatory phenomenon 
from the continuous murmur, the to-and-fro murmur describes an ejection murmur heard 
in systole, coupled to a decrescendo murmur early in diastole. Combined aortic stenosis and 

Diastolic Murmurs

Early Decrescendo
• Aortic insufficiency
• Pulmonary insufficiency

Mid-Late
• Mild mitral stenosis
• Mild tricuspid stenosis

S1

OS

S2 S1

S1 S2 S1

Prolonged Mid-Late
• Severe mitral stenosis
• Severe tricuspid stenosis

OS

S1 S2 S1

  Figure 36-4
 Classifi cation of diastolic murmurs. OS, opening snap; S 

1 
, fi rst heart sound; S 

2 
, second heart sound. ( From 

Lilly LS.  Pathophysiology of Heart Disease.  3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. 
Used by permission .)         
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aortic insuffi  ciency or combined pulmonary stenosis and pulmonary insuffi  ciency produces 
to-and-fro murmurs.

Location and Radiation
Location refers to the area where the murmur is heard the best. Radiation means the mur-
mur is also audible with unexpected intensity at some distance from its location. As seen 
in Figure 36-2, location helps narrow the diff erential diagnosis of the murmur. Radiation 
of the murmur can also be very helpful diagnostically. For example, murmurs that radiate 
to the neck tend to be of aortic or left ventricular outfl ow tract origin, whereas a murmur 
heard best at the left upper sternal border with radiation to the axillae and back is more 
likely to be pulmonary in origin.

PDA

AS/AI
PS/PI

Continuous

To-and-fro

S1 S2 S1

S1 S2 S1

  Figure 36-5
 Continuous murmur versus to-and-fro murmur. AS/AI, aortic stenosis and aortic insuffi ciency; PDA, patent 
ductus arteriosus; PS/PI, pulmonary stenosis and pulmonary insuffi ciency; S 1 , fi rst heart sound; S 2 , second 
heart sound. ( From Lilly LS.  Pathophysiology of Heart Disease.  3rd ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2003. Used by permission .)         

Table 36-4
Common Innocent Murmurs

MURMUR INTENSITY TIMING LOCATION QUALITY

Still I–III/VI Early–mid systolic LM–LLSB or apex Vibratory, musical

Pulmonary I–III/VI Early–mid systolic LUSB Low pitched, ejection

Venous 
hum

I–III/VI Continuous Right (rarely left) 
infra- or supra-
clavicular

Low pitched, disappears with 
head turn, supine position, 
jugular compression

LM–LLSB, left mid to left lower sternal border; LUSB, left upper sternal border.
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Quality and Behavior With Maneuvers
Quality refers to the pitch and nature of a murmur. Pitch is generally described as either high 
or low. High-pitched murmurs occur when the pressure diff erential involved is large. For 
example, aortic insuffi  ciency is a high-pitched murmur. Low-pitched murmurs occur when 
a lower pressure diff erential is involved. Pulmonary insuffi  ciency is a low-pitched murmur. 
Systolic murmurs are described as harsh, blowing, musical, or vibratory. Diastolic 
murmurs are described as blowing, rumbling, crescendo, or decrescendo.

Postural maneuvers are useful in distinguishing among diff erent types of murmurs. 
Innocent murmurs tend to become louder when the patient moves from an upright 
to a supine position. Placing the patient in the left lateral decubitus position increases 
the murmur of mitral stenosis. A Valsalva maneuver, by decreasing venous return, 
makes the murmur of aortic stenosis softer, but it makes the murmur of hypertrophic obstruc-
tive cardiomyopathy louder. Valsalva maneuver also decreases the murmurs associated with 
a VSD and mitral regurgitation and can nearly eliminate innocent Still murmurs 
(Table 36-4). Squatting increases venous return and makes the murmur of hypertro-
phic obstructive cardiomyopathy softer. Standing up after squatting can accentuate 
the murmur or click of mitral valve prolapse by moving the murmur and click closer to S1. 
Recumbent positioning and/or turning the head can eliminate the innocent continuous 
murmur of a venous hum.

 CONCLUSION
Pediatricians commonly evaluate childhood murmurs. Most murmurs in children and ado-
lescents are innocent. Th ey do not refl ect cardiac disease, and they do not require referral 
to a pediatric cardiologist, prophylaxis against endocarditis, or exercise restriction. Innocent 
murmurs are generally short systolic murmurs and are less than grade IV. Th ey are often low 
pitched, vibratory, or musical; are best heard in the supine position; and often diminish when 
the patient is upright or during a Valsalva maneuver. Most innocent murmurs can be recog-
nized with confi dence based on the clinical history and careful physical examination. Further 
evaluation is required for any murmur for which suspicion persists that it may be pathologic.

When to Refer

• Patient, maternal, or family history raising index of suspicion for heart disease
• All diastolic murmurs
• Continuous murmurs, except venous hum
• All systolic murmurs grade IV or higher
• All systolic murmurs not clearly fi tting the pattern of innocent murmur
• Ausculatation of an S4 gallop
• A thrill is an abnormal fi nding and warrants referral to a cardiologist
• Cyanosis, clubbing
• Higher blood pressure in one or both arms than a leg
• Congestive heart failure—rales, respiratory distress, hepatomegaly, edema
• Abnormal electrocardiogram
• Symptoms that suggest reactive airway disease that do not improve with appropriate 

medical therapy
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Heart Murmurs (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/heart/Pages/Heart-Murmur.aspx)

Medical Decision Support
• American Heart Association (Web site), (www.americanheart.org)
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Chapter 37

Hematuria
Kimberly J. Reidy, MD; Marcela Del Rio, MD

Hematuria may manifest as a dramatic change in the color of a child’s urine, with the 
appearance of blood on a diaper or underwear, or as a fi nding on a urinalysis. Red or brown 
(cola-colored) urine with red blood cells (RBCs) seen on microscopy is typical of macroscopic 
(or gross) hematuria. In general, urologic causes of gross hematuria often present with red 
or pink urine, while glomerular hematuria presents with brown-, tea-, or cola-colored urine. 
In a retrospective study of children presenting to a pediatric emergency department, gross 
hematuria had an incidence of 1.3 per 1,000 visits.1 Microscopic hematuria (defi ned as �5 
RBCs per high power fi eld seen on microscopy of centrifuged urine) is more common. On 
routine screening urinalysis, studies suggest up to 32 per 1,000 girls and 14 per 1,000 boys 
will have microscopic hematuria. Th e American Academy of Pediatrics (AAP) currently does 
not recommend routine screening urinalyses in asymptomatic children.2

Th e most likely causes of macroscopic and microscopic hematuria diff er (Figure 37-1 
and Box 37-1). Macroscopic hematuria may originate from any component of the genito-
urinary tract, and the diff erential diagnosis, in addition to infection, includes glomerular, 
interstitial, and tubular diseases and bleeding from trauma, stones, or coagulopathy. Many 
of the causes of macroscopic hematuria, such as infection, nephrolithiasis, and glomeru-
lonephritis, may also present with microscopic hematuria. Overall, the most common 
causes of asymptomatic isolated microscopic hematuria are thin basement membrane 
disease, idiopathic hypercalciuria, immunoglobulin A (IgA) nephropathy, and sickle cell 
disease or trait.3

Figure 37-1 
Differential diagnosis of macroscopic hematuria in children.

Macroscopic Hematuria

Glomerular Disease
• Postinfectious glomerulonephritis
• IgA nephropathy
• Alport syndrome
• Thin basement membrane disease
• Systemic vasculitis (Henoch-
 Scho..nlein purpura syndrome,
 systemic lupus erythematosis)
• Others (membranoproliferative 
 glomerulonephritis),

membraneous nephropathy,
 rapidly progressive
 glomerulonephritis

• Pyelonephritis
• Interstitial nephritis
• Papillary necrosis (sickle cell disease
 or trait)

• Bacterial or viral infection
• Nephrolithiasis
• Trauma or exercise
• Cystic disease (polycystic kidney
 disease)
• Tumor
• Coagulopathy (hereditary or
 medication-related)
• Hemorrhagic cystitis (medication-
 related)
• Renal vein thrombosis

Interstitial or Tubular Disease Urinary Tract
or Vascular Disease
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 MACROSCOPIC HEMATURIA
Th e fi rst and most important step in evaluating macroscopic hematuria is obtaining a detailed 
description of the urine (Figure 37-2). Renal or glomerular causes of hematuria result in 
tea- or cola-colored urine, as opposed to hematuria of lower-tract origin, which causes red 
or pink urine. In addition to color, highly turbid urine may indicate the presence of cells 

Box 37-1

Causes of Microscopic Hematuria
• Transient
• Th in basement membrane disease
• Idiopathic hypercalciuria
• Immunoglobulin A (IgA) nephropathy or

Alport syndrome
• Sickle cell anemia or trait
• Trauma or exercise
• Postinfectious glomerulonephritis
• Nephrolithiasis
• Other glomerular disease or

glomerulonephritis
 Focal and segmental glomerulosclerosis
 Henoch-Schönlein purpura syndrome

 Systemic lupus erythematosis 
 Membranoproliferative glomerulone-
phritis 
 Membranous glomerulonephritis 

• Congenital abnormality
 Ureteropelvic junction obstruction
 Cystic disease 

• Pyelonephritis or infection
• Vascular malformation
• Drugs or toxins

Figure 37-2
Evaluation for macroscopic hematuria begins with the examination of the urine.
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(rifampin, ibuprofen,

nitrofurantoin)
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and suggests glomerular disease or infection. Blood clots suggest urinary tract bleeding. Th e 
timing of the bleeding may be helpful (eg, if it occurs only with the onset of micturation, 
then the source of the bleeding is likely to be in the lower urinary tract.

Associated signs and symptoms from a detailed history and physical examination will 
dictate laboratory and radiologic evaluation. Important historical elements include associ-
ated urinary symptoms, such as dysuria, frequency, urgency, or enuresis. A decrease in urine 
output should prompt particular concern and rapid evaluation and treatment. A review of 
systems should include associated symptoms of abdominal pain or colic, upper respiratory 
infection symptoms, swelling of extremities, or blurry vision or headaches suggestive of 
hypertension. Th e history should be explored for prior episodes of hematuria, preceding 
infections (either documented group A streptococcal throat infection or a history of sore 
throat or skin infection), history of trauma, or other illnesses, such as the presence of sickle 
cell trait or disease. Systemic illnesses may be suggested by a history of fever, malaise, weight 
loss, alopecia, rash, or joint pains, which may be seen in rheumatologic disease. Th e age of 
the patient is an important factor to consider—certain causes of hematuria, such as renal 
vein thrombosis and tumors, are more common in infants. Important points on the family 
history include other family members with hematuria, kidney or rheumatologic disease, and 
any history of deafness, which may occur with Alport syndrome.

A thorough physical examination should include measurement of blood pressure, abdomi-
nal or costovertebral angle tenderness, a search for evidence of local trauma to the genito-
urinary tract, inspection and palpation for periorbital, genital, or extremity edema, and 
examination of the skin for rashes. Hematuria in association with edema and hypertension 
suggests glomerulonephritis.

Laboratory evaluation begins with a urinalysis with microscopic examination of a 
fresh-spun urine sample to confi rm the presence of red blood cells. Dysmorphic red 
blood cells and red blood cell casts are pathognomonic of hematuria of glomerular origin 
(see Figure 37-3).4 If the urine dipstick is positive for blood and fewer than 5 red bloods 
cells are found on microscopy, then the diagnosis is hemoglobinuria or myoglobinuria 

Figure 37-3
Urinary fi ndings in hematuria

RBC cast
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rather than hematuria. Several drugs, including rifampin, ibuprofen, and nitrofurantoin, 
as well as foods such as beets and blackberries, can discolor urine to give it the appearance 
of hematuria, but urinalysis will be negative for blood. Th e presence of calcium, uric acid, 
or cystine crystals in the urine is suggestive of nephrolithiasis. Identifi cation of white blood 
cell casts on microscopy or leukocyte esterase or nitrate positivity on urine dipstick point 
to infectious causes of hematuria.

Further evaluation is determined by the most likely cause of the blood in the urine. For 
example, a workup for suspected glomerular hematuria might include evaluation of serum 
electrolytes, blood urea nitrogen, creatinine, calcium, and phosphorus to assess renal func-
tion and liver function tests if there is a nephrotic component. Antinuclear antibody test, 
complement studies (C3, C4, and total complement), streptozyme (deoxyribonuclease B) 
and streptolysin O antibody titers may help determine the etiology of a glomerulonephri-
tis. Th roat culture or rapid testing for group A �-hemolytic streptococci is indicated with 
a history of sore throat. A urine culture should be performed on all patients with urinary 
symptoms or on infants, because infection is a common cause of hematuria. Proteinuria on 
urinalysis should be further evaluated with a fi rst-morning void for protein-to-creatinine 
ratio. In patients with suspected nonglomerular macroscopic hematuria, a renal-bladder 
sonogram is indicated to evaluate for cystic disease, congenital obstruction, tumors (includ-
ing Wilms tumor), nephrolithiasis, or parenchymal renal disease. A renal doppler study is 
needed to evaluate for suspected vascular thrombosis, renal infarcts, or renal artery stenosis.

Evaluation of glomerular hematuria may be continued as an outpatient or inpatient. 
Indications for admission include decreased urine output, hypertension, azotemia, or renal 
insuffi  ciency. Renal biopsy is absolutely indicated in cases of hematuria with nephrotic syn-
drome, recurrent hematuria, azotemia, or renal insuffi  ciency. Renal biopsy may be considered 
if a family history of hematuria exists or if the history or laboratory evaluation is suggestive 
of rheumatologic disease, such as systemic lupus erythematosus.

Management of glomerular disease will depend on the cause of the glomerulonephritis. 
Th e most common glomerulonephritis is postinfectious, an entity characterized by a pro-
dromal infection (often a streptococcal skin or throat infection but also viral infections, such 
as varicella, cytomegalovirus, Epstein-Barr virus, hepatitis B and C, and parasitic infections 
such as toxoplasmosis) between 1 and 6 weeks before the onset of hematuria. Other causes 
of acute postinfectious glomerulonephritis include ventriculoperitoneal shunt infections 
(shunt nephritis) and acute or subacute endocarditis. Low complement (C3) and elevated 
streptolysin O antibodies are characteristic of post-streptococcal glomerulonephritis. Post-
streptococcal glomerulonephritis is typically self-limited with a good prognosis for long-
term renal function. Admission may be required for renal insuffi  ciency, oliguria, or acute 
hypertension (the latter requiring aggressive management with fl uid and salt restriction and 
antihypertensive medications).

Other types of glomerulonephritis often require management by a nephrologist. Th e 
most common chronic glomerulonephritis worldwide is IgA nephropathy, although it is 
more often diagnosed in adults than children. IgA nephropathy characteristically results in 
persistent microhematuria with intermittent episodes of gross hematuria associated with 
upper respiratory infections. Long-term outcome is variable, with 20% to 40% of children 
progressing to end-stage kidney disease. Proteinuria and hypertension are poor prognostic 
indicators. Henoch-Schönlein purpura (HSP), a common systemic vasculitis in children, 
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is often associated with crampy abdominal pain, arthralgia, and palpable purpura, and can 
produce glomerulonephritis with hematuria.5

Management of nonglomerular hematuria depends on the cause. Further imaging 
with computed tomography may be indicated. Patients with sickle-cell disease and mac-
roscopic hematuria from papillary necrosis may require admission for intravenous hydra-
tion. Trauma, tumors, cystic disease, congenital obstruction, hemorrhagic cystitis, and 
lower urinary tract bleeding often require urologic evaluation, which may include direct 
visualization by cystoscopy. Children with nephrolithiasis benefi t from both nephrologic 
and urologic evaluation.

 MICROSCOPIC HEMATURIA
Th e evaluation of microscopic hematuria involves a thorough history and physical examina-
tion. A family history of deafness or kidney disease and the presence of hypertension, pro-
teinuria, or edema should prompt referral to a pediatric nephrologist for further evaluation. 
In the absence of any other signs and symptoms, microhematuria is often benign and, in 
many cases, resolves spontaneously (transient hematuria). Th erefore, in an asymptomatic, 
normotensive child with isolated microhematuria, repeating a urinalysis on 1 or more occa-
sions is often prudent before further evaluation. School-aged children may be observed in 
excess of 2 years before more extensive testing is undertaken. Figure 37-4 shows a proposed 
algorithm for the evaluation of microscopic hematuria.6,7 Signifi cant proteinuria or the 
occurrence of gross hematuria should prompt referral to a pediatric nephrologist.

Hereditary nephritis includes a spectrum of familial hematuria that ranges from benign 
thin basement membrane nephropathy (TBMN) to progressive Alport syndrome. TBMN 
is a common cause of persistent microhematuria.8 TBMN is characterized by painless 
microscopic hematuria with minimal proteinuria and normal renal function. Renal biopsy 
reveals uniform thinning of the glomerular basement membrane. TBMN is also called thin 
basement membrane disease, hereditary hematuria, benign familial hematuria, and benign 
hereditary nephritis. Because it is transmitted in an autosomal-dominant fashion, a family 
history of microscopic hematuria without symptomatic renal disease, or an asymptomatic 
parent testing positive for hematuria, suggests the diagnosis of TBMN. Th e overall preva-
lence is estimated at 1% to 10% of the population. It is more common in females than in 

Figure 37-4
Evaluation of microscopic hematuria.
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males and has been diagnosed in children as young as 1 year of age. Between 5% and 22% 
of aff ected individuals will have an episode of gross hematuria associated with an infection 
or exercise. No evidence has been found to support treatment of TBMN, which is typically 
nonprogressive. However, aff ected children should be monitored for with a yearly urinalysis 
and blood pressure check throughout their lives, because they are at higher risk of hyperten-
sion, proteinuria, and renal insuffi  ciency in later adulthood.

Another common cause of microscopic hematuria is hypercalciuria, defi ned as a urine 
calcium-to-creatinine ratio of greater than 0.21 or more than 4 mg/kg/day of excreted 
calcium on a 24-hour urine collection. Children with hematuria and underlying hypercal-
ciuria are at risk for nephrolithiasis, with the risk seeming to be greater in older children, in 
children with gross rather than microscopic hematuria, and when there is a family history 
of stone formation.9

Signifi cant proteinuria or the occurrence of gross hematuria should prompt referral to 
a pediatric nephrologist.

 BLOOD ON A DIAPER OR UNDERWEAR
Blood on a diaper or underwear most commonly occurs with trauma to or manipulation 
of the genital area. Localized irritation of the meatus in boys is the most frequent cause and 
responds to treatment with petroleum jelly and reassurance to the parent without further 
evaluation. Sexual abuse is on the diff erential diagnosis. Nonurethral sources of bleeding, 
such as perineal or vaginal bleeding, should be considered. Again, a urinalysis is useful to 
confi rm that hematuria is the source of the discoloration. “Red diaper syndrome” can result 
from infection with Serratia marcescens (deposits of reddish pigment), or uric acid crystals 
(reddish/brown or pink crystals) that can be found in the normal or dehydrated newborn.

 CONCLUSION
Key points for the primary care physician include the following:
• Gross hematuria is a common sign of glomerular and urologic disease.
• Hematuria of glomerular origin presents with tea- or cola-colored urine.
• Hematuria arising from the urinary tract is usually red-pink, with or without clots.
• Red blood cell casts are the hallmark of hematuria of glomerular origin.
• Proteinuria is a more important prognostic fi nding than gross hematuria.
• Every child with gross hematuria should have a renal ultrasound to rule out nephroli-

thiasis, tumor, or urologic abnormalities, such as cystic disease and obstructive uropathy.
• Gross hematuria rarely is a cause of anemia.
• Most children with isolated microscopic hematuria do not have a serious or treatable 

cause for the hematuria and do not require an extensive workup.
• Hematuria of glomerular origin is typically painless.

When to Refer

• Macroscopic hematuria
• Hematuria associated with pain
• Persistent microscopic hematuria, especially with associated proteinuria, hypertension, 

hearing loss, or family history of renal disease or deafness
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When to Admit

When hematuria (with or without proteinuria) is associated with the following:
• Severe abdominal or fl ank pain
• Congestive heart failure or fl uid overload indicative of oliguria or anuria
• Hypertension
• Renal insuffi  ciency
• Anasarca (generalized edema)

TOOLS FOR PRACTICE
Engaging Patient and Family
• Blood in Urine (Hematuria) (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/genitourinary-tract/Pages/Blood-
in-Urine-Hematuria.aspx)

• Proteinuria (fact sheet), American Academy of Pediatrics (www.healthychildren.org/
English/health-issues/conditions/genitourinary-tract/Pages/Proteinuria.aspx)

AAP POLICY STATEMENTS

Finnell SME, Carroll AE, Downs SM; American Academy of Pediatrics Subcommittee on Urinary Tract 
Infection. Diagnosis and management of an initial UTI in febrile infants and young children. Pediatrics. 
2011;128(3):e749–e770 (pediatrics.aappublications.org/content/128/3/e749)

Downs SM. Technical report: urinary tract infections in febrile infants and young children. Pediatrics. 
1999;103:e54 (pediatrics.aappublications.org/content/103/4/e54)
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 Chapter 38

Hemoptysis
Scott A. Schroeder, MD

Hemoptysis, the spitting or coughing of blood that originates within the thorax, can vary 
from flecks of blood in the sputum to massive, life-threatening bleeding that can lead 
to respiratory distress or death. Unlike in adults, for whom more than 100 different 
causes of hemoptysis have been described, hemoptysis is a rare occurrence in children; 
it is most commonly associated with previously diagnosed congenital heart disease 
or cystic fibrosis (CF), although other causes include infectious respiratory illnesses 
and, rarely, neoplasms.1 Acute hemoptysis, respiratory failure, and cyanosis may be 
the result of exposure to mold growing in water-damaged homes or to environmental 
tobacco smoke. Affected children need to be hospitalized and placed on mechanical 
ventilation.2,3

Four important considerations should be kept in mind when evaluating children who have 
hemoptysis. First, it is necessary to determine whether the bleeding requires an emergency 
resuscitative eff ort. Second, what seems to be hemoptysis may actually be bleeding from the 
upper airway or gastrointestinal tract; thus, the source of the bleeding should be established. 
Th ird, children without chronic diseases who develop hemoptysis with associated symptoms 
of a lower respiratory tract infection usually have mild, self-limited bleeding that requires 
no specifi c treatment other than management of the underlying acute illness. Fourth, the 
management of hemoptysis that arises from a localized site diff ers from that which causes a 
diff use alveolar hemorrhage, because the latter may be the presenting sign of an underlying 
immunologic or rheumatologic disorder.

 PATHOGENESIS
Hemoptysis can result from the disruption of either arm of the dual pulmonary vascular 
system or from damage to the alveolar endothelial junction. Th e low-pressure, high-
capacitance pulmonary arterial system accepts the entire cardiac output from the right 
ventricle and carries blood to be oxygenated at the pulmonary capillaries before return-
ing the oxygenated blood to the left atrium through the pulmonary veins. Although the 
pulmonary arteries travel alongside the bronchial tree, they interact with the airways only 
at the level of the terminal bronchioles. Th e second arm of the blood supply within the 
lungs is the high-pressure bronchial system. Th e bronchial arteries originate from the aorta 
or, less commonly, the intercostal arteries, and they receive only 1% to 2% of the cardiac 
output. Th e bronchial arteries enter the lungs at the hilum, and as they branch with the 
bronchi they anastomose and penetrate the bronchial mucosa, forming an extensive sub-
mucosal plexus. Th e high-fl ow, low-pressure pulmonary capillary bed allows the exchange 
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of gases between the alveoli and the capillaries to occur with little risk for hemorrhage in 
the normal state.

Localized hemoptysis, in most cases, is the result of bleeding from the high-pressure 
bronchial circulation in infl amed airways. Th e pulmonary circulation is rarely to blame for 
hemoptysis except in necrotic infarcts and from pulmonary arterial aneurysms in tubercular 
cavities. Both of these conditions are extremely rare in children. Infl ammation within the 
lungs, pulmonary vascular obstruction, and neoplasia can all cause an increase in the bron-
chial circulation. In chronic infl ammatory conditions, such as bronchiectasis, the cardiac 
output to the bronchial circulation can triple, and bronchopulmonary anastomoses are 
increased, thereby increasing the potential for erosion of vessels in the presence of superim-
posed infection. Th e pathogenesis of disease states with diff use pulmonary hemorrhage—for 
example, necrotizing granulomatous vasculitis—is not entirely understood, but the bleeding 
into the alveoli seems to result from neutrophil-mediated injury to pulmonary capillaries 
with interstitial and air-space fi brosis from the chronic hemorrhage.

 ETIOLOGY
Hemoptysis in Children Without a Preexisting Medical Condition
In children who do not have a preexisting medical condition, the most common causes of 
hemoptysis are acute infections of the tracheobronchial tree, acute infectious pneumonias, and 
the aspiration of a foreign body. A child with a pneumococcal pneumonia who is old enough to 
expectorate is classically febrile, seems ill, and has a cough that is productive of rusty sputum. 
Certain other bacterial and viral lower respiratory tract infections can cause hemoptysis; in 
these cases, the hemoptysis usually occurs early in the course of the illness, is self-limited, and 
consists of only blood-tinged sputum. Globally, tuberculosis, echinococcus, and paragonimiasis 
are probably the most common causes of hemoptysis in children (Table 38-1).

After acute infectious processes, the most common cause of hemoptysis in a previously 
healthy child is the aspiration of a foreign body. In many children who aspirate foreign 
bodies, the initial choking episode is not observed or not remembered. A bout of paroxys-
mal coughing may occur after the initial event, but as the cough receptors in the bronchi 
or trachea adapt, the coughing will stop. Over time, and depending on the location and 
composition of the foreign object, subsequent infl ammation will occur, which may result 
in airway obstruction, with wheezing or recurrent pneumonitis. If neovascularization of 
granulation tissue in the airways occurs, or if bronchiectasis develops, then hemoptysis 
can occur weeks to months after the initial event. Only 40% of children with a foreign-
body aspiration will exhibit the classic triad of wheezing, cough, and decreased breath 
sounds distal to the site of obstruction.4 Th e chest radiograph will be normal in 25% of 
children with bronchial foreign bodies and in more than 50% of children with tracheal 
foreign bodies.5

Because only 10% of aspirated foreign bodies are radiopaque, a normal chest radiograph 
does not preclude aspiration. Inspiratory and expiratory fi lms, decubitus fi lms, and fl uoros-
copy may be necessary to confi rm the diagnosis. If the evidence for aspiration is defi nitive, 
then referral for rigid bronchoscopy to a pediatric surgeon or otolaryngologist experienced 
in retrieving foreign bodies is indicated. If the diagnosis is uncertain, then referral to a pedi-
atric pulmonologist or other physician skilled in the use of the fi beroptic bronchoscopy is 
appropriate to determine whether a foreign body is present.
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Table 38-1
Common, Less Common, and Uncommon Causes 

of Hemoptysis
POPULATION CAUSE DIAGNOSTIC CLUES

Common causes in chil-
dren who have no preexist-
ing medical problems

Pneumonia Usually rusty-colored sputum early in the 
course of the illness

Foreign-body aspiration Needs a high index of suspicion; may have 
a normal chest radiograph; localized wheez-
 ing that does not respond to medical 
therapy

Less common causes in 
children who have no pre-
existing medical problems

Pulmonary tuberculosis Usually with systemic manifestations, such 
as anorexia and weight loss; may have nega-
tive purifi ed protein derivative test

Autoimmune disorders Diffuse pulmonary hemorrhage, often with 
weight loss or other systems involved, 
including the kidneys and joints

Congenital 
malformations

Symptoms depend on the nature of the le-
sion; may be associated with massive 
hemoptysis or respiratory distress in 
newborns

Rare causes in children 
who have no preexisting 
medical problems

Primary pulmonary 
neoplasms

Primary pulmonary cancers reported in 
fewer than 500 children; usually present 
with cough and recurrent pneumonitis

Pulmonary embolism Associated with pleuritic pain, cough, and 
dyspnea; oral contraceptive use; recent 
abortion; trauma to lower extremities

Parasitic lung infections Travel to endemic areas or sheep-raising 
areas; peripheral eosinophilia

Arteriovenous 
malformations

Recurrent epistaxis, a positive family history 
for hereditary hemorrhagic telangiectasia 
(Rendu-Osler-Weber syndrome), or cutane-
ous telangiectasia

Idiopathic pulmonary 
hemosiderosis

Cough, wheezing, iron-defi ciency anemia, 
and diffuse pulmonary hemorrhage on chest 
radiograph

Catamenial hemoptysis Hemoptysis occurs with onset of menses

Factitious hemoptysis Form of Münchausen syndrome

Common causes in chil-
dren who have a preexist-
ing medical problem

Bronchiectasis Blood-tinged sputum, clubbing, signs of 
increasing airway infl ammation

Congenital heart 
lesions

Seen with Eisenmenger complex and pulmo-
nary venous congestion

Less common causes in 
children who have a preex-
isting medical problem

Sickle cell anemia Hemoptysis associated with acute chest 
syndrome or pulmonary infarction

Aspergillosis Seen in association with CF or asthma; 
peripheral eosinophilia and fungi seen on 
Gram stain of sputum

CF, cystic fi brosis.
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Diff use Pulmonary Hemorrhage
Children with acute hemoptysis, cough, wheezing, or crackles, diff use patchy infi ltrates on 
chest radiograph, and bronchoscopic evidence of blood in all lobes or hemosiderin-laden 
macrophages should be assumed to have diff use pulmonary hemorrhage or hemosiderosis. Th e 
4 categories of diff use hemorrhage syndromes that occur in children are those associated with 
antiglomerular basement membrane antibodies in serum or tissue (eg, Goodpasture syndrome), 
those associated with an autoimmune-mediated disease (eg, systemic lupus erythematosus), 
those without any immunologic abnormalities but associated with antibodies to cow’s milk, 
and idiopathic pulmonary hemosiderosis (IPH). All of these conditions are exceedingly rare.

Goodpasture syndrome, which occurs most commonly in men in their second and third 
decades, is characterized by diff use pulmonary hemorrhage, antiglomerular basement mem-
brane antibodies in serum or tissue, and glomerulonephritis. Th e autoimmune diseases, which 
are more common in girls and women, rarely produce hemoptysis alone; more commonly, 
systemic manifestations occur, including fever, weight loss, malaise, anorexia, amenorrhea, 
rashes, or hypertension, as well as hemoptysis. Treatment for the pulmonary hemorrhage in 
these disorders should be directed at the underlying disease process.

In Heiner syndrome, or pulmonary hemosiderosis associated with cow milk allergy, infants 
and children exhibit failure to thrive, vomiting, gastrointestinal bleeding, and upper respira-
tory tract congestion, in addition to hemoptysis.6 Although the mechanism whereby the 
milk causes the multisystem damage is unclear, elimination of milk from the diet results in 
a dramatic improvement in the children.

In IPH, no evidence for an immune-mediated mechanism is found. Most children with 
IPH are diagnosed before the age of 7 years or after the age of 16 years. Th ey usually have 
respiratory distress, bilateral alveolar infi ltrates, and iron-defi ciency anemia. Th e treatment 
of the acute exacerbations of IPH includes the use of high-dose oral or intravenous cortico-
steroids, as well as supportive care for the acute bleeding into the lungs. Controversy exists 
regarding the need for chronic immunosuppressive therapy, but most physicians caring for 
children with IPH use azathioprine, chloroquine, or cyclophosphamide to help maintain 
normal lung function and prevent further episodes of hemoptysis.

Primary Pulmonary Neoplasms
Unlike in adults, primary pulmonary neoplasms are extremely rare in children, especially 
immunocompetent children. Fewer than 5% of tumors reported in the literature were associ-
ated with hemoptysis. Th e most common presentations of primary pulmonary neoplasms 
in children are fever, cough, and pleural pain.7

Hemoptysis in Children With a Preexisting Medical Condition
Th e most common chronic disease associated with hemoptysis is CF. Hemoptysis in CF, 
which usually begins in the second or third decade of life, can range from the production 
of blood-tinged sputum with excessive coughing to massive bleeding. Mild hemoptysis 
can be treated with conservative medical therapy, which includes bed rest, intravenous 
or oral antibiotics, withholding of chest physiotherapy, and administration of vitamin K. 
Massive hemoptysis has an annual incidence of 1% among patients with CF and carries 
a high mortality rate. Massive or recurrent hemoptysis in CF and other diseases is now 
treated with bronchial artery embolization. Despite a moderately high rate of recurrent 
bleeding, embolization can relieve symptoms for a signifi cant period. A team composed 
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of a pulmonologist, thoracic surgeon, and interventional radiologist should evaluate these 
patients before bronchial artery embolization.

Although the number of children with bronchiectasis has declined because of the decline 
of tuberculosis and the use of eff ective vaccines against measles and pertussis, children with 
immunodefi ciencies, recurrent aspiration, and ciliary dyskinesias may develop bronchiectasis 
and have episodes of hemoptysis. In most cases, a history of a chronic, productive cough with 
purulent sputum and changes on the lung examination precede the hemoptysis. Th e diagnosis 
is made by high-resolution chest tomography, and management is similar to that of CF.

Hemoptysis is a well-recognized complication of congenital heart disease but is becoming 
an uncommon problem because of advances in corrective cardiac surgery. Hemoptysis in 
primary or secondary pulmonary hypertension occurs as a result of thromboembolic events. 
In right ventricular outfl ow obstruction with increased bronchial arterial circulation, hemor-
rhage from enlarged and tortuous bronchial arteries can produce hemoptysis. Pulmonary 
vascular obstructive disease can lead to hemoptysis because of pulmonary hypertension, 
as well as to thrombosis. Th ese vascular changes take years to develop and are usually fi rst 
observed in adolescents.

 EVALUATION
As with any potential emergency, the fi rst question to be answered about hemoptysis is, 
“Is it life threatening?” Because the expectoration of blood understandably arouses anxi-
ety and fear, and because the blood can be mixed with saliva or phlegm and swallowed 
or aspirated, accurately determining the amount of blood is often diffi  cult for children 
and their parents. In adults, the quantity of expectorated blood does not correlate with 
the seriousness of the underlying disease. In children, the gravity of the hemoptysis is 
determined more by the child’s clinical status and ability to keep the airway clear than 
by the amount of blood expectorated. Th e greatest danger to a child with hemoptysis is 
not exsanguination but rather asphyxiation from aspirated blood. Th e management of 
the child with life-threatening hemoptysis is beyond the scope of this chapter. However, 
if the child has evidence of cardiorespiratory distress, hypotension, orthostatic changes, 
poor perfusion, pallor, tachypnea, tachycardia, mental status changes, arterial hypoxemia, 
or hypercarbia, then the stabilization and evaluation of the child should occur simultane-
ously in a pediatric intensive care unit.

Before summoning the bronchoscopist, echocardiographer, and interventional radiologist 
and scheduling pulmonary arteriography and radionuclide scanning, the primary care physi-
cian must ascertain whether the source of bleeding is indeed within the thorax. Th orough 
inspection of the oropharynx and nasal passages may identify an upper airway source of 
bleeding. Infants and young children with hemoptysis may not cough up blood but instead 
swallow the blood and vomit it later. Th erefore, in infants, distinguishing hematemesis from 
hemoptysis is diffi  cult. Examination of the blood-stained secretions may help diff erentiate the 
bleeding site so that it can be established whether the bleeding is from the respiratory tract or 
not. Table 38-2 describes how to diff erentiate hemoptysis from bleeding from other sources. 

History
As is the case for any sign or symptom with many possible causes, a detailed history of 
both pulmonary and nonpulmonary symptoms will often allow a tentative diagnosis to 
be made. Th e presumptive diagnosis can then be proved or disproved by the fi ndings of 
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specifi c laboratory tests and procedures. For a child or adolescent without any preex-
isting medical condition who displays a fi rst episode of hemoptysis, the most common 
causes are acute infections of the tracheobronchial tree, pneumonias, and foreign-body 
aspirations.8–10 Hemoptysis can be the presenting symptom for an autoimmune disorder or 
other immunologic abnormality, although this circumstance is rare. Travel to or from 
developing countries and areas that raise sheep may necessitate evaluation for mycobacte-
rial, mycotic, or parasitic lung infections. Recurrent pneumonitis, sinus infections, and 
chronic sputum production may be indicative of bronchiectasis from CF, foreign-body 
aspiration, ciliary dyskinesias, or other chronic lung diseases. Other aspects of the history 
that will help focus the evaluation include recent trauma, easy bruising, changes in urine 
color, weight loss, arthralgias, previous heart disease or surgery, medication use, substance 
abuse, family history of bleeding disorders, surgical procedures, pica, fever, pleuritic chest 
pain, menstrual irregularities, and asthma not responsive to appropriate medical therapy. 
In adolescents with unusual or perplexing symptoms and normal fi ndings at evaluation, 
factitious hemoptysis and Münchausen syndrome should also be considered. Factitious 
hemoptysis has been reported in children who underwent numerous invasive procedures, 
and, ultimately, the determination was made that these children were biting their oral 
mucosa to simulate hemoptysis.9,11,12

Physical Examination
Physical examination begins with a determination of the vital signs to decide the rapidity at 
which the examination should be conducted. A thorough inspection of the nasal passages 
and oropharynx is conducted to rule out a nonpulmonary cause of the hemoptysis. As the 
examination proceeds caudally, certain fi ndings on inspection and auscultation may suggest 
a specifi c diagnosis. Cutaneous telangiectases with a murmur or bruit over the lung fi elds 
suggest hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber syndrome). Clubbing 
with or without adventitial breath sounds suggests bronchiectasis. A saddle nose and stridor 
suggestive of subglottic stenosis are often seen in patients with necrotizing granulomatous 
vasculitis. A pleuritic rub, acute pleuritic chest pain, and a history of oral contraceptive use or 
recent abortion suggest a pulmonary embolic event or other pleural-based lesion. Localized 
homophonous wheezing over a major airway or decreased breath sounds, with or without 

Table 38-2
Differentiation of Hemoptysis From Hematemesis and Upper 

Airway Hemorrhagea 
CHARACTERISTIC HEMOPTYSIS HEMATEMESIS AND UPPER AIRWAY HEMORRHAGE

pH Alkaline Acidic

Color Bright red Dark red or brown

Consistency Clotted, liquid, or frothy Coffee ground

Symptoms Cough Nausea and vomiting

Gram stain Macrophages Food particles and epithelial cells

aYounger children and infants may swallow blood that originates from the lungs, which may seem to 
have a nonpulmonary source of bleeding.
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a cough, suggest an intraluminal obstruction such as an aspirated foreign body. Evidence 
of trauma to the thorax may be subtle and not always obvious. Th irty percent of children 
who experience major trauma to other organ systems will be found to have thoracic trauma 
as well.13 Examination of the heart may provide evidence of pulmonary hypertension or 
a new murmur. Lymphadenopathy and hepatosplenomegaly should raise the possibility of a 
lymphoproliferative disease with an associated bleeding diathesis.

Laboratory Evaluation
Numerous laboratory tests may be helpful, but they should be focused depending on the 
history and physical examination. If the patient has a compromised airway, then arterial 
blood gas measurement may help in the decision of how quickly the intensive care unit 
needs to be called. Urinalysis or specifi c serologic markers will help determine if the child 
has an immunologic disease that involves the basement membranes of both the kidneys 
and the lungs. A complete blood count with an eosinophil count may help diff erentiate a 
bacterial from a parasitic pneumonia. Although clotting studies are routinely ordered, they 
will invariably be normal because bleeding disorders do not generally cause spontaneous 
hemoptysis. Although skin tests for mycobacteria should always be performed, other skin 
tests, or serologic testing for fungi or other infectious agents, should be guided by clinical 
acumen. If sputum is produced or bronchoscopy is performed, then these pulmonary fl uids 
should be cultured for bacteria, fungi, ova, parasites, and mycobacteria and stained for the 
presence of hemosiderin-laden macrophages. If warranted, early-morning gastric aspirates 
can be cultured and stained for microorganisms and macrophages.

Imaging Studies
Th e history and physical examination should allow a tentative diagnosis and help decide 
what imaging studies or procedures need to be undertaken to make a defi nitive diagnosis. 
If the child is stable, then a chest radiograph should be obtained. Any abnormality on a 
chest fi lm should be considered as a potential source for the hemoptysis, but a normal 
radiograph does not exclude the thorax as the source of bleeding. In approximately one-
third of children with hemoptysis, the initial chest radiographic examination will reveal 
nothing abnormal.14 Findings on the chest fi lm that help focus the evaluation include hilar 
adenopathy, an air-fl uid level in an abscess, a mass, a cavitary lesion, mediastinal widening, 
or alveolar infi ltrates. Alveolar infi ltrates in a child with hemoptysis are a common fi nding 
with autoimmune diseases that involve the lungs. Th ickening of the bronchial walls with 
ring shadows and tramlines suggests bronchiectasis. If a foreign body is suspected to be 
the cause, then inspiratory and expiratory fi lms or left and right lateral decubitus fi lms 
may help localize the foreign body. If the foreign body is present and causes obstruction 
of an airway, then the side of the thorax that does not defl ate normally on expiration or 
when dependent is the side with the foreign body. If the foreign body is embedded within 
the mucosa of the airway, or if only partial obstruction is present, then the standard chest 
radiograph may be normal.

Th e next imaging studies depend on the presumptive diagnosis because not every child 
with hemoptysis needs special radiographic studies. If the chest radiograph is normal or 
does not add any information to that obtained from the history and physical examination, 
then computed tomography (CT) or high-resolution computed tomography (HRCT) may 
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be contributive. CT is eff ective for detecting parenchymal disease, and HRCT has replaced 
bronchography for diagnosing bronchiectasis. CT can identify airway abnormalities, eluci-
date abnormalities seen on chest radiographs, defi ne mediastinal structures, and help cat-
egorize congenital pulmonary malformations and pulmonary vasculitis syndromes. CT may 
also serve as a road map for subsequent bronchoscopy.

Magnetic resonance imaging (MRI) is useful in looking for congenital vascular mal-
formations and for the diff erentiation of structures within the mediastinum and hilum. 
Perhaps in the future MRI will supplant CT in the evaluation of hemoptysis, but for now 
the advantages of MRI do not outweigh its disadvantages, especially if excessive respiratory 
motion is present or the child’s condition is unstable.

Bronchoscopy
Th e timing and need for bronchoscopy, either rigid or fl exible, depend on the stability 
of the child’s condition and the suspected cause of the hemoptysis. Not every child with 
hemoptysis needs to undergo bronchoscopy; research indicates that hemoptysis is rarely 
the primary indication for bronchoscopy.9 If a child has rapid and complete resolution of 
hemoptysis after medical therapy, then bronchoscopy need not be performed. Indications for 
bronchoscopy include a diagnosis that is in question, massive hemoptysis, or an incomplete 
response to therapy.

No studies have compared the use of fi beroptic versus rigid bronchoscopy for evaluating 
hemoptysis in either adults or children. Both instruments can be used to administer thera-
peutic agents to the airways, sample bronchial fl uids, and take biopsy samples. With the 
rigid bronchoscope, bronchoscopists have complete airway control: they can suction through 
a larger channel, sample suspicious lesions, and insert packing material to tamponade the 
bleeding. Th e rigid bronchoscope is the preferred instrument for removing foreign bodies 
from the airway. On the other hand, fi beroptic bronchoscopy does not require the use of 
general anesthesia; the scope is usually passed transnasally (so that the upper airways can 
also be examined), and it can be easily maneuvered into the upper lobes and more distal 
airways. If a child with hemoptysis needs bronchoscopy, then fi beroptic bronchoscopy may 
be used for the initial evaluation. If an anatomic lesion or foreign body is discovered, then 
rigid bronchoscopy will be needed.

 HEMOPTYSIS IN THE NEWBORN PERIOD
Neonates who have a variety of congenital defects can develop localized hemoptysis and dif-
fuse pulmonary hemorrhage in the newborn period. Arteriovenous malformations, extralobar 
sequestration, or hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber syndrome) 
can exhibit in the nursery as respiratory distress or mild to massive hemoptysis. All of these 
vascular malformations cause bleeding as a result of the abnormal connections between the 
bronchial and pulmonary circulations. Th e diagnosis of these lesions is made by CT scan 
with contrast, and children with these defects need to be hospitalized in a center that has a 
pediatric surgeon and an interventional radiologist.

Diff use pulmonary hemorrhage is not an uncommon occurrence in infants of very low 
birth weight. Th e more premature the infant, the higher is the likelihood of hemorrhage. 
Th e pathogenesis of the diff use bleeding is thought to be from eff ects of barotrauma on an 
immature pulmonary capillary endothelium. Th e risk for pulmonary hemorrhage increases 
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slightly with the administration of exogenous surfactant therapy. Many nonpulmonary 
conditions have also been associated with diff use hemorrhage in premature newborns, 
including central nervous system insults and coagulation and metabolic defects.14

When to Admit

• Evidence of hemodynamic instability
• Mental status changes
• High suspicion of tuberculosis
• Known heart disease
• Chronic lung disease (eg, CF, ciliary dyskinesias, immunodefi ciencies)
• High suspicion of pulmonary neoplasm
• Sickle cell anemia, vaso-occlusive crisis, or acute chest syndrome
• Inability to protect airway
• Risk for pulmonary embolism
• Lung abscess
• Children younger than 1 year
• Foreign-body aspiration
• Pulmonary hypertension
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Chapter 39

Hepatomegaly
Philip O. Ozuah, MD, PhD; Marina Reznik, MD, MS

 DEFINITIONS AND CLINICAL MANIFESTATIONS
Hepatomegaly is an enlargement of the liver resulting from an increase in the number or size 
of cells and structures within the liver. Although hepatomegaly usually manifests clinically 
as a palpable liver, not all palpable livers result from hepatomegaly. In healthy children, the 
liver edge may be palpable up to 2 cm below the right costal margin at the midclavicular line. 
Clinical estimation of the liver span has a much stronger correlation with hepatomegaly than 
does reporting the liver projection below the costal margin as a single indicator of liver size.1 
Th e liver span is the distance between the upper and lower margins of the liver at the right 
midclavicular line. Th e upper margin should be determined by percussion and the lower 
edge by either percussion or palpation. Liver span has a curvilinear relation to age, height, 
weight, and body surface area.2–4 Studies have demonstrated no consistent sex diff erences 
in liver size.5–8 A normal liver span ranges from 5.9 cm (±0.8 cm) in the fi rst week of life to 
6.5 to 8 cm by 15 years of age.1–3 Th e upper edge of liver dullness is usually at the level of 
the fi fth rib in the right midclavicular line. Radiographic assessment of liver size can be a 
helpful adjunct to the clinical examination. Ultrasonography, computed tomography (CT), 
magnetic resonance imaging (MRI), and sulfur colloid scintigraphy have all been demon-
strated to measure liver size reliably.5–13

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnoses of a palpable liver and hepatomegaly are presented in Box 39-1.

Palpable Liver Without Hepatomegaly
Several intrathoracic conditions may push the right hemidiaphragm down and thereby 
result in a palpable liver. For example, asthma, bronchiolitis, and pneumonitis may produce 
a palpable liver through hyperinfl ation of the lungs. Tension pneumothorax usually has 
other accompanying clinical features, including dyspnea, tachycardia, tracheal deviation, 
and hypotension. Congenital diaphragmatic hernias often manifest in the neonatal period 
with a scaphoid abdomen and the presence of bowel sounds in the chest. Other thoracic 
space–occupying lesions also can displace the diaphragm.

Abdominal sepsis with a subdiaphragmatic abscess may push the liver caudally. Riedel 
lobe is an occasional tonguelike process extending downward from the right lobe of 
the liver lateral to the gallbladder. A palpable liver without hepatomegaly also may be a 
normal variant.
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BOX 39-1

Diff erential Diagnosis of a Palpable Liver Without 
Hepatomegaly and With Hepatomegaly
PALPABLE LIVER WITHOUT 
HEPATOMEGALY

• Downward displacement of right
hemidiaphragm
 Hyperinfl ated lung (eg, asthma,
bronchiolitis, pneumonitis)
 Tension pneumothorax
 Congenital diaphragmatic hernia
 Th oracic tumors

• Subdiaphragmatic lesions (eg, abscess)
• Normal variant
• Aberrant lobe of liver (Riedel lobe)

PALPABLE LIVER WITH 
HEPATOMEGALY

• Infl ammatory disorders
 Viral hepatitis
 Bacterial hepatitis (eg, abscess, sepsis)
 Toxic hepatitis (eg, drugs)
 Neonatal hepatitis
 Autoimmune hepatitis (eg, systemic
lupus erythematosus, sarcoidosis)

• Infi ltrative disorders
 Primary tumors

■ Hepatoblastoma
■ Hepatocellular carcinoma
■ Hemangioma
■ Focal nodular hyperplasia
 Metastatic tumors

■ Lymphoma
■ Leukemia
■ Neuroblastoma
■ Wilms tumor
■ Histiocytosis

• Storage disorders
 Fat accumulation

■ Obesity

■ Malnutrition
■ Reye syndrome
■ Cystic fi brosis
■ Diabetes mellitus
■ Lipid infusion
■ Metabolic liver disease
■ Lipidoses (eg, Niemann-Pick,

Gaucher, Wolman diseases)
 Glycogen excess

■ Glycogen storage diseases
■ Infant of mother who has diabetes
■ Beckwith-Wiedemann syndrome
■ Total parenteral nutrition
 Copper accumulation

■ Indian childhood cirrhosis
■ Wilson disease
 Miscellaneous

■ �1-Antitrypsin defi ciency
■ Hypervitaminosis A

• Vascular congestion
 Suprahepatic

■ Congestive heart failure
■ Cardiac tamponade
■ Constrictive pericarditis
 Intrahepatic

■ Hepatic vein thrombosis
(Budd-Chiari syndrome)

■ Hepatic vein web
■ Vascular malformations

• Cavernous hemangioma
• Capillary hemangioma
• Hemangioendothelioma

• Biliary obstruction
 Congenital biliary atresia
 Congenital hepatic fi brosis
 Caroli disease

Palpable Liver With Hepatomegaly

Infl ammatory Disorders
Infl ammatory liver disorders frequently manifest clinically with jaundice and a liver that 
is fi rm and tender to palpation. Viral hepatitis (including hepatitis A, B, C, D, and E) 
may be fulminant or insidious in onset. Hepatitis A may be anicteric in 50% of infected 
children younger than 4 years and in more than 80% of children younger than 2 years.14 
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Bacterial sepsis may result in hepatomegaly as part of a generalized process or a localized liver 
abscess.15,16 Toxic hepatitis may result from exposure to a variety of therapeutic and other 
chemical agents. Idiopathic neonatal hepatitis occurs with direct hyperbilirubinemia and may 
be diffi  cult to distinguish clinically from congenital biliary atresia without a liver biopsy.17 
Idiopathic neonatal hepatitis is characterized by marked infi ltration with infl ammatory cells 
in contrast to bile duct proliferation found in biliary atresia. Giant cell transformation is 
found in both conditions. In rare instances, autoimmune diseases such as systemic lupus 
erythematosus and sarcoidosis may involve the liver, leading to a hepatitis with hepatomegaly.

Infi ltrative Disorders
Primary or metastatic neoplasia may infi ltrate the liver and is often associated with other 
clinical fi ndings. Malignant hepatic tumors manifest clinically with a hard, palpable liver. 
Benign tumors include large hemangiomas, which occasionally lead to a platelet consumption 
coagulopathy (Kasabach-Merritt syndrome) as a result of excessive trapping and destruction 
of platelets within the vascular bed. Clinically, a bruit may be heard over the liver in patients 
who have hemangiomas and arteriovenous shunts.

Storage Disorders
Several genetic enzyme defects result in excessive accumulation of metabolites in the liver. 
Th ese conditions produce a smooth, distended liver. Many of these syndromes are also 
associated with other clinical features besides hepatomegaly. Fat and glycogen accumulation 
are well-known causes of hepatomegaly.18,19 Less frequently, copper accumulation results 
in Indian childhood cirrhosis or Wilson disease.20–27 Indian childhood cirrhosis, caused by 
genetic and environmental factors, produces jaundice and hepatomegaly predominantly 
in middle-income, rural Hindu children, but it also has been described in other parts of 
the world.24,25 Its onset is at approximately 1 to 3 years of age, usually with rapid evolution 
to cirrhosis and hepatic failure if left untreated. Th is disorder was previously thought to 
be uniformly fatal, but chelation therapy has shown promising results. Wilson disease, an 
autosomal recessive inherited disorder of copper metabolism, occurs with hepatomegaly in 
young children but does not generally manifest clinically until after 5 years of age. Children 
older than 10 years often have neuropsychiatric symptoms; they may also have hemolytic 
anemia.28 �1-Antitrypsin defi ciency may occur with hepatomegaly, icterus, and acholic stools 
in the fi rst week of life. Signs of chronic liver disease and portal hypertension are seen in older 
children. Excessive ingestion and accumulation of vitamin A can also result in hepatomegaly.

Vascular Congestion
Congestive heart failure, cardiac tamponade, and constrictive pericarditis all lead to impaired 
cardiac fi lling and pressure backup into the inferior vena cava and portal vein, all of which 
produce a smooth, distended, and tender liver. Other signs of cardiac decompensation, 
including dyspnea, cough, chest pain, and tachycardia, are usually present.

Budd-Chiari syndrome may be caused by a thrombus, mass, or web occluding the inferior 
vena cava or the hepatic veins and tributaries, resulting in an enlarged liver.

Vascular malformations produce hepatomegaly through several mechanisms, including 
hemorrhage into the liver or high-output cardiac failure with secondary vascular congestion, 
or through the size of the malformation itself.
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Biliary Obstruction
Biliary atresia occurs in approximately 1 of 8,000 births and is the most frequent reason for 
liver transplantation in children. Th e bile duct atresia may be extrahepatic, intrahepatic, or 
a combination thereof. Th e presence of jaundice, hepatomegaly, and acholic stools begin-
ning during the fi rst months of life in otherwise healthy-appearing infants is characteristic.29 
Extrahepatic atresia can be corrected surgically, and intrahepatic atresia can be treated using 
the hepatoportoenterostomy procedure of Kasai.30 Nevertheless, many patients develop cir-
rhosis and portal hypertension requiring liver transplantation.30

Congenital hepatic fi brosis is an autosomal recessive disorder that occurs in childhood 
with hepatosplenomegaly, portal hypertension, and bleeding esophageal varices. Up to 75% 
of aff ected children have associated renal disease. Histologic analysis reveals diff use periportal 
and perilobular fi brosis. Caroli disease is a congenital saccular dilation of intrahepatic bile 
ducts that is inherited in an autosomal recessive fashion. Symptoms are usually those of acute 
cholangitis manifesting in late childhood or young adulthood, with fever, icterus, abdominal 
pain, and a large, tender liver. 

 EVALUATION
Relevant History and Physical Examination
History and physical examination remain the cornerstone of establishing a prompt diagnosis 
in patients with hepatomegaly. A thorough history that explores not only gastrointestinal 
symptoms but also pulmonary and cardiac manifestations will often point in the right 
diagnostic direction. Physical examination of the liver should include an assessment of its 
size, consistency, texture, and tenderness. In addition, the liver should be auscultated with 
a stethoscope.

A fi rm and tender liver suggests an acute infl ammatory disorder; a hard liver is often 
neoplastic. A smooth and exquisitely tender liver is found in conditions that cause vascular 
distention. Bruits are heard in arteriovenous malformations. Although a palpable liver may 
be a normal variant, the concomitant physical fi nding of an enlarged spleen usually suggests 
signifi cant disease.

Laboratory Testing and Imaging
Laboratory investigations should be directed at the suspected diagnosis. Liver function stud-
ies are usually necessary. Th e imaging study used most widely is ultrasonography, which is 
inexpensive, portable, reliable, and quickly obtainable in most settings. Liver masses detected 
on ultrasonography may be defi ned further by CT scanning or sulfur colloid scintigraphy. 
Hepatic angiography may be indicated in the evaluation of suspected vascular tumors. 
In patients with probable metabolic or genetic disorders, a percutaneous liver biopsy may 
be necessary to establish a diagnosis. In addition, the defi nitive diagnosis of a liver abscess 
can be made by ultrasound or CT-guided percutaneous liver aspiration.31

 MANAGEMENT
Treatment should be aimed at the underlying disease entity. Patients with infl amma-
tory hepatitis require supportive care; those who have bacterial infections should receive 
appropriate antimicrobials. Surgical excision is the defi nitive treatment for liver tumors. 
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Chemotherapy may be a helpful adjunct in reducing tumor size either preoperatively or 
postoperatively.

Th e treatment of metabolic-genetic disorders includes dietary modifi cations and chelation 
therapy. Frequent small feedings of a high-protein, complex-carbohydrate diet, including 
continuous nighttime feeding via gastrostomy tubes, have been used successfully in managing 
glycogen storage disorders. Early treatment with D-penicillamine can prevent the progression 
of Wilson disease. In many cases, the use of zinc acetate has been approved by the US Food 
and Drug Administration (FDA) for maintenance therapy of patients with Wilson disease, 
even if presymptomatic.32,33 

Exciting new developments have provided optimism for some disease entities for which 
no treatments were available in the past. For example, a synthetic enzyme, imiglucerase, 
has been highly eff ective in the treatment of Gaucher disease.34 Other recombinant gluco-
cerebrosidases, recently approved by the FDA or pending approval, include vela-glucerase 
alpha (Shire HGT, Cambridge, MA, USA) and taliglucerase alpha (Protalix Biotherapeutics, 
Carmiel, Israel; Pfi zer, NY, USA). Both successfully completed phase III trials and were 
proved safe and clinically effi  cient in the treatment of Gaucher disease.35,36 Although Indian 
childhood cirrhosis was previously thought to be uniformly fatal, chelation therapy with 
D-penicillamine has been shown to reduce mortality signifi cantly if administered early in 
the disease.37,38 

When to Refer

• Hepatomegaly with concomitant splenomegaly
• Palpation of a hard liver
• Hepatomegaly with distended abdominal veins
• Audible bruit over the liver
• Suspicion of malignancy

When to Admit

• Liver failure
• Impending liver failure
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Chapter 40

High Blood Pressure
Jayanthi Chandar, MD; Sarah E. Messiah, PhD, MPH; 

Gaston Zilleruelo, MD; Steven E. Lipshultz, MD

Hypertension is a well-established cause of substantial morbidity and mortality in 
adults, particularly in the later years of life.1,2 However, recent population-based studies 
have shown that during the past decade, mean blood pressure (BP) has increased among 
children and adolescents.3,4 Furthermore, recent longitudinal cohort studies have revealed 
that elevated BP in childhood often continues into adulthood, predicting hypertension 
in young adulthood, and other studies have documented the familial nature of essential 
hypertension.5-7

Even mild to moderate elevations of BP in children almost certainly warrant close atten-
tion, lifestyle modifi cations, and possibly therapy. Mild and moderate levels of hypertension 
in childhood are generally not associated with marked symptoms, but routine screening 
will identify a fair number of children who have either primary or secondary hypertension. 
Defi nitive therapy can decrease later morbidity. All pediatricians should be familiar with the 
basic aspects of hypertension in children, including the diagnosis of normal and abnormal 
BP, the causes of high BP, and the treatment options.2,8,9

 DEFINITION OF HIGH BLOOD PRESSURE IN CHILDREN
Th e fourth report by the National Heart, Lung, and Blood Institute Task Force on Blood 
Pressure Control in Children based operational defi nitions of high BP in children on 
a combination of values found in healthy children, clinical experience, and consensus 
among leaders in the fi eld.2 In children and adolescents, hypertension is defi ned as an 
elevated BP that persists on repeated measurements at the 95th percentile or greater 
for age, height, and sex in a healthy population.2,8 Stage 1 hypertension is defi ned 
as systolic and diastolic blood pressures that range from about the 95th percentile to 
5 mm Hg above the 99th percentile, and stage 2 hypertension refers to systolic 
and diastolic blood pressures that are 5 mm Hg above the 99th percentile for age, 
height, and gender.2 High-normal or prehypertensive BP is defi ned as a BP between 
the 90th and 95th percentiles (normal systolic and diastolic BPs are less than the 
90th percentile). Severe hypertension (with the risk of end-organ injury) is defi ned as 
BP greater than the 99th percentile.2,8

Body size is the single most important determinant of BP in children and adolescents; 
thus, using accurate height percentiles is critical for correctly estimating BP percentiles 
(Figure 40-1 and Tables 40-1 and 40-2).
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 FACTORS INFLUENCING BLOOD PRESSURE IN CHILDREN
Age
BP tends to increase throughout the fi rst 2 decades of life.10,11 Th e average systolic BP on the 
fi rst day of life is 70 mm Hg, and it increases steadily for the next 2 months. It then tends to 
remain stable until 1 year of age, when it increases until adulthood. Diastolic BP increases 
slowly for the fi rst week and then declines until 3 months of age. It then increases gradually 
until 1 year of age, when it returns to the level found in the fi rst week. It again remains 
steady for the fi rst 5 to 6 years, after which it begins to increase, along with systolic BP.10,11 
Children tend to maintain the same BP percentile rank relative to their peers as they grow, a 
pattern that continues through adolescence, supporting the idea that primary hypertension 
begins in childhood. Normative data have been derived in premature infants in whom the 
average systolic BP is lower and increases with gestational age.12-14

Body Size
Body size is a major infl uence on BP in children.15 As in adults, the relationship between 
BP and weight in the teenage years is particularly prominent.16,17 Height is also related 
independently to BP at all ages.2,10 However, chronic hypertension is becoming increasingly 
common in adolescents, primarily because of increases in the prevalence of overweight 
and obesity. During the past 3 decades, obesity rates have more than doubled for children 
ages 2 to 5 and 12 to 19 years, and the rates have more than tripled among children ages 
6 to 11 years.18 Presently in the United States, 9 million children older than 6 years are 
considered obese, with a body mass index (BMI) above the 95th percentile.19,20

Systolic BP 87 101 106 106 106 105 105 105 105 105 105 105 106 
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Weight (kg) 4 4 5 5 6 7 8 9 9 10 10 11 11

 0 1 2 3 4 5 6 7 8 9 10 11 12 
Age, Months

D
ia

st
o

lic
 B

P,
 m

m
 H

g

90th Percentile

75

70

65

60

55

50

45

95th

90th

75th

50th

 0 1 2 3 4 5 6 7 8 9 10 11 12 
Age, Months

S
ys

to
lic

 B
P,

 m
m

 H
g 115

110
105
100

95
90
85
80
75
70
65

95th
90th

75th

50th

Systolic BP 76 98 101 104 105 106 106 106 106 106 108 105 105 
Diastolic BP 68 65 64 64 65 65 66 66 66 67 67 67 67
Height (cm) 54 55 56 58 61 63 66 68 70 72 74 75 77 
Weight (kg) 4 4 4 5 5 6 7 8 9 9 10 10 11

 0 1 2 3 4 5 6 7 8 9 10 11 12
Age, Months

 0 1 2 3 4 5 6 7 8 9 10 11 12
Age, Months

D
ia

st
o

lic
 B

P,
 m

m
 H

g

90th Percentile

75

70

65

60

55

50

45

95th

90th

75th

50th

S
ys

to
lic

 B
P,

 m
m

 H
g

115

110

105

100

95

90

85

80

75

70

65

95th
90th

75th

50th

Figure 40-1
 Age-, sex-, height-, and weight-specifi c percentiles of systolic and diastolic blood pressure in boys  (left)  
and girls  (right)  from birth to 12 months of age. 
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Table 40-1
Blood Pressure and Height Percentiles for Boys by Age

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95

 1 50  80  81  83  85 87 88  89 34 35 36 37 38 39 39

90  94  95  97  99 100 102 103 49 50 51 52 53 53 54

95  98  99 101 103 104 106 106 54 54 55 56 57 58 58

99 105 106 108 110 112 113 114 61 62 63 64 65 66 66

 2 50  84  85  87  88 90 92  92 39 40 41 42 43 44 44

90  97  99 100 102 104 105 106 54 55 56 57 58 58 59

95 101 102 104 106 108 109 110 59 59 60 61 62 63 63

99 109 110 111 113 115 117 117 66 67 68 69 70 71 71

 3 50  86  87  89  91 93 94  95 44 44 45 46 47 48 48

90 100 101 103 105 107 108 109 59 59 60 61 62 63 63

95 104 105 107 109 110 112 113 63 63 64 65 66 67 67

99 111 112 114 116 118 119 120 71 71 72 73 74 75 75

 4 50  88  89  91  93  95 96  97 47 48 49 50 51 51 52

90 102 103 105 107 109 110 111 62 63 64 65 66 66 67

95 106 107 109 111 112 114 115 66 67 68 69 70 71 71

99 113 114 116 118 120 121 122 74 75 76 77 78 78 79

 5 50  90  91  93  95  96 98 98 50 51 52 53 54 55 55

90 104 105 106 108 110 111 112 65 66 67 68 69 69 70

95 108 109 110 112 114 115 116 69 70 71 72 73 74 74

Continued
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99 115 116 118 120 121 123 123 77 78 79 80 81 81 82

 6 50  91  92  94  96  98 99 100 53 53 54 55 56 57 57

90 105 106 108 110 111 113 113 68 68 69 70 71 72 72

95 109 110 112 114 115 117 117 72 72 73 74 75 76 76

99 116 117 119 121 123 124 125 80 80 81 82 83 84 84

 7 50  92  94  95  97  99 100 101 55 55 56 57 58 59 59

90 106 107 109 111 113 114 115 70 70 71 72 73 74 74

95 110 111 113 115 117 118 119 74 74 75 76 77 78 78

99 117 118 120 122 124 125 126 82 82 83 84 85 86 86

 8 50  94  95  97  99 100 102 102 56 57 58 59 60 60 61

90 107 109 110 112 114 115 116 71 72 72 73 74 75 76

95 111 112 114 116 118 119 120 75 76 77 78 79 79 80

99 119 120 122 123 125 127 127 83 84 85 86 87 87 88

 9 50  95  96  98 100 102 103 104 57 58 59 60 61 61 62

90 109 110 112 114 115 117 118 72 73 74 75 76 76 77

95 113 114 116 118 119 121 121 76 77 78 79 80 81 81

99 120 121 123 125 127 128 129 84 85 86 87 88 88 89

10 50  97  98 100 102 103 105 106 58 59 60 61 61 62 63

90 111 112 114 115 117 119 119 73 73 74 75 76 77 78

Table 40-1
Blood Pressure and Height Percentiles for Boys by Age—cont’d

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95
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95 115 116 117 119 121 122 123 77 78 79 80 81 81 82

99 122 123 125 127 128 130 130 85 86 86 88 88 89 90

11 50  99 100 102 104 105 107 107 59 59 60 61 62 63 63

90 113 114 115 117 119 120 121 74 74 75 76 77 78 78

95 117 118 119 121 123 124 125 78 78 79 80 81 82 82

99 124 125 127 129 130 132 132 86 86 87 88 89 90 90

12 50 101 102 104 106 108 109 110 59 60 61 62 63 63 64

90 115 116 118 120 121 123 123 74 75 75 76 77 78 79

95 119 120 122 123 125 127 127 78 79 80 81 82 82 83

99 126 127 129 131 133 134 135 86 87 88 89 90 90 91

13 50 104 105 106 108 110 111 112 60 60 61 62 63 64 64

90 117 118 120 122 124 125 126 75 75 76 77 78 79 79

95 121 122 124 126 128 129 130 79 79 80 81 82 83 83

99 128 130 131 133 135 136 137 87 87 88 89 90 91 91

14 50 106 107 109 111 113 114 115 60 61 62 63 64 65 65

90 120 121 123 125 126 128 128 75 76 77 78 79 79 80

95 124 125 127 128 130 132 132 80 80 81 82 83 84 84

99 131 132 134 136 138 139 140 87 88 89 90 91 92 92

15 50 109 110 112 113 115 117 117 61 62 63 64 65 66 66

90 122 124 125 127 129 130 131 76 77 78 79 80 80 81

95 126 127 129 131 133 134 135 81 81 82 83 84 85 85

99 134 135 136 138 140 142 142 88 89 90 91 92 93 93

16 50 111 112 114 116 118 119 120 63 63 64 65 66 67 67

90 125 126 128 130 131 133 134 78 78 79 80 81 82 82

Continued
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95 129 130 132 134 135 137 137 82 83 83 84 85 86 87

99 136 137 139 141 143 144 145 90 90 91 92 93 94 94

17 50 114 115 116 118 120 121 122 65 66 66 67 68 69 70

90 127 128 130 132 134 135 136 80 80 81 82 83 84 84

95 131 132 134 136 138 139 140 84 85 86 87 87 88 89

99 139 140 141 143 145 146 147 92 93 93 94 95 96 97

BP, blood pressure.
*The 90th, 95th, and 99th percentiles are 1.28, 1.645, and 2.326 standard deviations, respectively, above the mean.
From National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, evaluation, and 
treatment of high blood pressure in children and adolescents. Pediatrics. 2004;114(2):555–572.

Table 40-1
Blood Pressure and Height Percentiles for Boys by Age—cont’d

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95
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Table 40-2
Blood Pressure and Height Percentiles for Girls by Age

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95

1 50  83  84  85  86  88  89  90 38 39 39 40 41 41 42

90  97  97  98 100 101 102 103 52 53 53 54 55 55 56

95 100 101 102 104 105 106 107 56 57 57 58 59 59 60

99 108 108 109 111 112 113 114 64 64 65 65 66 67 67

 2 50  85  85  87  88  89  91  91 43 44 44 45 46 46 47

90  98  99 100 101 103 104 105 57 58 58 59 60 61 61

95 102 103 104 105 107 108 109 61 62 62 63 64 65 65

99 109 110 111 112 114 115 116 69 69 70 70 71 72 72

 3 50  86  87  88  89  91  92  93 47 48 48 49 50 50 51

90 100 100 102 103 104 106 106 61 62 62 63 64 64 65

95 104 104 105 107 108 109 110 65 66 66 67 68 68 69

99 111 111 113 114 115 116 117 73 73 74 74 75 76 76

 4 50  88  88  90  91  92  94  94 50 50 51 52 52 53 54

90 101 102 103 104 106 107 108 64 64 65 66 67 67 68

95 105 106 107 108 110 111 112 68 68 69 70 71 71 72

99 112 113 114 115 117 118 119 76 76 76 77 78 79 79

 5 50  89  90  91  93  94  95  96 52 53 53 54 55 55 56

90 103 103 105 106 107 109 109 66 67 67 68 69 69 70

95 107 107 108 110 111 112 113 70 71 71 72 73 73 74

Continued
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99 114 114 116 117 118 120 120 78 78 79 79 80 81 81

 6 50  91  92  93  94  96  97  98 54 54 55 56 56 57 58

90 104 105 106 108 109 110 111 68 68 69 70 70 71 72

95 108 109 110 111 113 114 115 72 72 73 74 74 75 76

99 115 116 117 119 120 121 122 80 80 80 81 82 83 83

 7 50  93  93  95  96  97  99  99 55 56 56 57 58 58 59

90 106 107 108 109 111 112 113 69 70 70 71 72 72 73

95 110 111 112 113 115 116 116 73 74 74 75 76 76 77

99 117 118 119 120 122 123 124 81 81 82 82 83 84 84

 8 50  95  95  96  98  99 100 101 57 57 57 58 59 60 60

90 108 109 110 111 113 114 114 71 71 71 72 73 74 74

95 112 112 114 115 116 118 118 75 75 75 76 77 78 78

99 119 120 121 122 123 125 125 82 82 83 83 84 85 86

 9 50  96  97  98 100 101 102 103 58 58 58 59 60 61 61

90 110 110 112 113 114 116 116 72 72 72 73 74 75 75

95 114 114 115 117 118 119 120 76 76 76 77 78 79 79

99 121 121 123 124 125 127 127 83 83 84 84 85 86 87

10 50  98  99 100 102 103 104 105 59 59 59 60 61 62 62

90 112 112 114 115 116 118 118 73 73 73 74 75 76 76

Table 40-2
Blood Pressure and Height Percentiles for Girls by Age—cont’d

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95
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95 116 116 117 119 120 121 122 77 77 77 78 79 80 80

99 123 123 125 126 127 129 129 84 84 85 86 86 87 88

11 50 100 101 102 103 105 106 107 60 60 60 61 62 63 63

90 114 114 116 117 118 119 120 74 74 74 75 76 77 77

95 118 118 119 121 122 123 124 78 78 78 79 80 81 81

99 125 125 126 128 129 130 131 85 85 86 87 87 88 89

12 50 102 103 104 105 107 108 109 61 61 61 62 63 64 64

90 116 116 117 119 120 121 122 75 75 75 76 77 78 78

95 119 120 121 123 124 125 126 79 79 79 80 81 82 82

99 127 127 128 130 131 132 133 86 86 87 88 88 89 90

13 50 104 105 106 107 109 110 110 62 62 62 63 64 65 65

90 117 118 119 121 122 123 124 76 76 76 77 78 79 79

95 121 122 123 124 126 127 128 80 80 80 81 82 83 83

99 128 129 130 132 133 134 135 87 87 88 89 89 90 91

14 50 106 106 107 109 110 111 112 63 63 63 64 65 66 66

90 119 120 121 122 124 125 125 77 77 77 78 79 80 80

95 123 123 125 126 127 129 129 81 81 81 82 83 84 84

99 130 131 132 133 135 136 136 88 88 89 90 90 91 92

15 50 107 108 109 110 111 113 113 64 64 64 65 66 67 67

90 120 121 122 123 125 126 127 78 78 78 79 80 81 81

95 124 125 126 127 129 130 131 82 82 82 83 84 85 85

99 131 132 133 134 136 137 138 89 89 90 91 91 92 93

16 50 108 108 110 111 112 114 114 64 64 65 66 66 67 68

90 121 122 123 124 126 127 128 78 78 79 80 81 81 82

Continued
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95 125 126 127 128 130 131 132 82 82 83 84 85 85 86

99 132 133 134 135 137 138 139 90 90 90 91 92 93 93

17 50 108 109 110 111 113 114 115 64 65 65 66 67 67 68

90 122 122 123 125 126 127 128 78 79 79 80 81 81 82

95 125 126 127 129 130 131 132 82 83 83 84 85 85 86

99 133 133 134 136 137 138 139 90 90 91 91 92 93 93

BP, blood pressure.
*The 90th, 95th, and 99th percentiles are 1.28, 1.645, and 2.326 standard deviations, respectively, above the mean.
From National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, evaluation, and 
treatment of high blood pressure in children and adolescents. Pediatrics. 2004;114(2):555–572.

Table 40-2
Blood Pressure and Height Percentiles for Girls by Age—cont’d

SYSTOLIC BP (mm Hg) DIASTOLIC BP (mm Hg)

PERCENTILE OF HEIGHT PERCENTILE OF HEIGHT

AGE (yr) BP PERCENTILE* 5 10 25 50 75 90 95 5 10 25 50 75 90 95
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Metabolic Syndrome
Childhood obesity has been associated with a cluster of risk factors for cardiometabolic 
disease characterized by combinations of insulin resistance, dyslipidemia, and hypertension, 
which some have termed metabolic syndrome.21 In turn, this syndrome is associated with the 
onset of type 2 diabetes and long-term atherosclerotic cardiovascular complications in both 
childhood and adulthood.22 Although metabolic syndrome is not currently well-defi ned, 
it is increasingly being recognized as a serious complication of childhood obesity. Analysis 
of the 1999–2006 National Health and Nutrition Examination Surveys found that nearly 
1 million US adolescents (about 4% of the total) aged 12 to 19 years have metabolic 
syndrome; among 8- to 11-year-olds, national prevalence estimates of the syndrome’s 
components ranged from 2% to 9%; and among overweight adolescents, the prevalence 
of the syndrome is nearly 30%.2,23 In addition, obstructive sleep apnea, an independent 
risk factor for resistant hypertension, is increasingly common in obese children.15,24

Identifying and treating children and adolescents at the earliest stages of chronic disease 
should be the goal of clinical practice, yet no clear guidelines have been developed for deter-
mining the risk for metabolic syndrome or appropriate thresholds for risk factors.

Ethnicity
In the United States, mean BP in adults diff ers among racial and ethnic groups. Non-
Hispanic black adults have the highest prevalence and incidence of hypertension. However, 
the age at which BP begins to diff er across racial and ethnic groups is unclear. According 
to the National Heart, Lung, and Blood Institute Growth and Health Study, among other 
reports, BP is signifi cantly higher for black girls than for white girls. Th e prevalence of pri-
mary hypertension in black adolescents is higher than that in their nonblack counterparts at 
lower ranges of BMI.25 In addition, Mexican American children have a higher mean-adjusted 
BP than do non-Hispanic white children. In many instances, a higher BMI explains the 
diff erence in BP between diff erent ethnic groups.4 Th e increase in BMI in children in 
the United States has accounted for some of the increase in BP; however, other factors such 
as race contribute to higher BP levels.

Genetics
Children from families with a history of hypertension tend to have higher BPs than 
do children from families without such a history, a relationship that generally supports the 
accepted conclusion that genes infl uence BP levels.26,27 Other cardiovascular risk factors 
among parents, including disorders of lipid and glucose metabolism, hyperuricemia, poor 
nutrition, passive smoking, and physical inactivity, are also signifi cantly correlated with the 
cardiovascular risk factors of their children.28,29

 CAUSES OF HIGH BLOOD PRESSURE IN CHILDREN
Primary Hypertension
Primary hypertension (previously termed essential hypertension), long known to be the 
most common cause of hypertension in adults, used to be relatively uncommon in younger 
children. However, primary hypertension is now occurring more often in children, especially 
in adolescents. One recent study reported that about half of all children (N �159) seen in a 
hypertension clinic, albeit a selected population, had primary hypertension, leading to the 
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conclusion that the prevalence of primary hypertension in children is increasing. However, 
the fi ndings of a tertiary care sample may not generalize to the rest of the population. In 
this study, the diagnosis of primary hypertension occurred in the presence of obesity (56%) 
and a positive family history of hypertension (86%).30

Secondary Hypertension
Secondary hypertension is more common in children than in adults, and in most 
children, hypertension will be secondary to renal or renovascular causes (see Boxes 40-1 
and 40-2).2,10

Severe hypertension can occur in neonates and has been reported in 3% of premature 
infants.31 Hypertensive neonates often have evidence of congestive heart failure, respiratory 
distress, feeding diffi  culties, irritability, lethargy, coma, or seizures. In almost all cases, the 
hypertension is renal or renovascular in origin, most commonly from renal artery thrombi 
related to umbilical vessel catheterization.

Another common cause of high BP, especially from birth through the fi rst year of life, is 
coarctation of the aorta.32 Medical therapy for the hypertension is usually eff ective, and the 
long-term prognosis is surprisingly good.3,12 High BP can also occur in infants who have 
bronchopulmonary dysplasia, patent ductus arteriosus, and increased intracranial pressure.17 
Hypertension has been described in neonates undergoing extracorporeal membrane oxygen-
ation, possibly caused by volume overload.33

BOX 40-1

Common Causes of Secondary Hypertension in 
Neonates and Infants
• Renal artery thrombosis after umbilical 

artery catheterization
• Coarctation of the aorta

• Congenital renal parenchymal or structural 
disease

• Renal artery stenosis

BOX 40-2

 Common Causes of Secondary Hypertension in 
Children and Adolescents
• Renal disease
• Renal artery stenosis
• Coarctation of the aorta
• Obstructive sleep apnea
• Prolonged treatment with steroids
• Amphetamines
• Mineralocorticoid excess
• Hyperthyroidism

• Pheochromocytoma
• Hypercalcemia
• Neurofi bromatosis
• Neurogenic tumors
• Increased intracranial pressure
• Immobilization-induced essential 

hypertension
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Renal parenchymal disease remains the most frequent cause of hypertension in older 
children and adolescents, accounting for 60% to 80% of cases.2,17,34 Hypertension is 
evident at the initial diagnosis in almost 80% of all cases of acute poststreptococcal 
glomerulonephritis, and of those who are normotensive at diagnosis, nearly half will 
experience hypertension for a brief period during their illness. Hypertension is also 
associated with other forms of immune complex glomerulonephritis. It can be seen in 
membranoproliferative glomerulonephritis, systemic lupus erythematosus, diff use pro-
liferative glomerulonephritis, and immunoglobulin A nephropathy. Hemolytic uremic 
syndrome also is associated with hypertension, in proportion to the degree of arteriolar 
thrombosis. Nephrotic syndrome rarely leads to severe hypertension in children unless it 
is a manifestation of more serious renal disease. Refl ux nephropathy, with 5% to 30% of 
aff ected children having high BP, is an important cause of hypertension.35 Hypertension 
also occurs with polycystic kidney disease and Wilms tumor, but is less common with 
other renal structural malformations.17

Coarctation of the aorta is the most common nonrenal cause of hypertension in child-
hood, accounting for 5% to 15% of cases.17 Hypertension can also occur immediately after 
repair of the coarctation and for years thereafter.36,37 Th e risk for postoperative hypertension 
seems to be lower if the lesion is repaired before 5 years of age.36,37 Renal artery stenosis, 
caused by fi bromuscular dysplasia, Takayasu arteritis, Williams syndrome, or neurofi broma-
tosis, constitutes 5% to 10% of childhood hypertension and may have marked symptoms 
caused by end-organ damage (congestive heart failure, left ventricular hypertrophy, retinal 
changes, and renal impairment).38

Endocrinopathies must be considered as potential causes of hypertension in children. 
Th e problem may be endogenous, arising from conditions such as hyperthyroidism, hyper-
calcemia, adrenal cortical hyperplasia, or increased catecholamine production caused by a 
pheochromocytoma. Th e problem can also be exogenous, arising from ingestion or abuse 
of glucocorticoids or other steroids. Because of its association with high BP, the use of 
oral contraceptives should always be considered as a possible cause of hypertension in 
adolescent girls.17,34,39

Various drugs can also be associated with hypertension, particularly sympathomimet-
ics (cocaine, amphetamines, phenylephrine, and pseudoephedrine), and their use should 
be investigated in older children. Other drugs that can raise BP include nonsteroidal 
anti-infl ammatory drugs, erythropoietin, and cyclosporine.17,34,39

 MEASURING BLOOD PRESSURE IN CHILDREN
Appropriate BP measurement techniques are important because false-positive readings are 
more likely when proper care is not taken.10 All children older than 3 years should have their 
BP measured.2,10 However, certain high-risk groups should have their BP measured before 
age 3 years (see Box 40-3).

BP should be taken with children and adolescents seated, and with infants supine. In 
addition, to obtain the most accurate measurements, the child should not have recently 
ingested stimulant drugs or food and should sit quietly for 5 minutes before the measure-
ment, with his or her back supported and feet on the fl oor. Th e BP should preferably be 
measured in the right arm for consistency and comparison with standard tables. Th e right 
arm should be supported, with the elbow at the level of the heart.2,10
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An appropriately sized BP cuff  should be used to take the measurement. Th e width of the 
cuff ’s bladder must be at least 40% of the circumference at the midpoint of the upper arm, 
and its length suffi  cient to cover at least 80% of the circumference of the arm.2,10

Th e cuff  should be infl ated to at least 30 mm Hg above the expected systolic BP, although 
too high a pressure in young children or infants may cause agitation. Th e stethoscope or 
Doppler crystal should be placed lightly over the brachial artery in the antecubital fossa, 
with the elbow remaining at the level of the heart.

Systolic BP is defi ned as the pressure at the onset of the fi rst Korotkoff  sound, and dia-
stolic BP as the pressure at the fi fth Korotkoff  sound or at the disappearance or muffl  ing 
of Korotkoff  sounds. In some children, Korotkoff  sounds can be heard until cuff  pressure 
drops to 0 mm Hg. Measurements can be repeated with less pressure on the head of the 
stethoscope. If the fi fth Korotkoff  sound continues to identify very low pressures, the fourth 
sound can be recorded instead. BP should be measured twice at each visit, and the average 
systolic and average diastolic pressures should be recorded.2,10

Automated BP devices can provide serial, noninvasive BP measurements in newborns and 
infants, in whom auscultation is diffi  cult, and in the intensive care unit, where frequent BP 
measurements are needed.2,10 Automated measurements seem to correlate well with intraar-
terial readings.40 Th ese devices are relatively simple to use, and they minimize observer bias 
and terminal digit preference.2,10 However, their reliability in the physician’s offi  ce is less 
clear because they require frequent calibration and because reference standards have not been 
established.2 Th ese devices may overestimate BP and the incidence of hypertension. Elevated 
BP obtained on automated devices should be confi rmed by auscultation. Th us, in general, 
auscultation is the recommended method of measuring BP in children.

Ambulatory monitoring has recently been used to help establish the diagnosis of hyper-
tension and to track diurnal variations of BP in older children. Th e monitors are worn on 
the arm for 24 hours and measure BP regularly throughout the day and night. Ambulatory 
monitoring is helpful specifi cally in evaluating white-coat hypertension, the risk for hyperten-
sive end-organ injury, and effi  cacy of treatment and drug resistance, and to diagnose masked 

BOX 40-3

Conditions Under Which Children Younger 
Th an 3 Years Should Have Th eir BP Measured 
• Prematurity, very low birth weight, history 

of neonatal hypertension or other neonatal 
complications requiring intensive care

• Congenital heart disease (repaired 
or nonrepaired)

• Recurrent urinary tract infections, 
hematuria, or proteinuria

• Renal disease or urologic malformations
• Family history of congenital renal disease

• Family history of moderate to severe 
hypertension

• Solid-organ transplantation
• Malignancy or bone marrow transplantation
• Treatment with drugs known to increase BP
• Other systemic illnesses associated with 

hypertension (eg, neurofi bromatosis, 
tuberous sclerosis)

• Evidence of elevated intracranial pressure

Adapted from National High Blood Pressure Education Program Working Group on High Blood Pressure in Children 
and Adolescents. Th e fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and 
adolescents. Pediatrics. 2004;114(2):555–572.
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hypertension and hypotension that may occur with the use of antihypertensive drugs.41 In 
addition, ambulatory monitoring can be used to evaluate BP patterns in conditions such 
as episodic hypertension, chronic kidney disease, diabetes, and autonomic dysfunction. 
BP typically decreases by more than 10% during sleep, and the absence of this decrease is 
strongly associated with masked hypertension and end-organ damage. Systolic and diastolic 
BPs above the 95th percentile for age, sex, and height in more than 25% of ambulatory 
measurements are considered abnormal and require treatment. However, ambulatory BP 
monitoring of children and adolescents should only be used and interpreted by persons 
experienced in treating pediatric hypertension.2

 MECHANISMS OF BLOOD PRESSURE REGULATION
A complete discussion of the complex balance between hormonal and physical factors that 
regulate BP is beyond the scope of this chapter. Instead, the more important concepts are 
summarized here.

BP is the product of cardiac output and systemic resistance; therefore, anything that aff ects 
heart rate, stroke volume, blood volume, or peripheral resistance will alter BP. Peripheral 
resistance is aff ected not only by physical changes but also by the actions of various hormones 
on a given vascular bed. Angiotensin II, the major end product of the renin-angiotensin 
system, exerts the most hormonal control over BP. As a potent vasoconstrictor, it increases 
intravascular volume and is closely related to renal blood fl ow. Renin, the enzyme that stimu-
lates the production of angiotensin II, is itself stimulated by volume depletion, hypotension, 
and salt depletion and is inhibited by volume expansion and salt loading.42 Several other 
hormonal systems also aff ect renin release, such as circulating catecholamines, glucagon, 
and adrenocorticotropic and parathyroid hormones.42 Angiotensin II provides feedback that 
inhibits renin release; mineralocorticoids and antidiuretic hormone do the same.

Drugs can also aff ect renin release. Vasodilators and diuretics stimulate renin release, 
whereas mineralocorticoids and beta blockers inhibit it. Other hormonal systems also help 
regulate BP. Catecholamine secretion increases BP, and in the presence of a pheochro-
mocytoma or neuroblastoma, it can cause severe hypertension. Mineralocorticoids and 
glucocorticoids aff ect BP, and adrenal hypertrophy and tumors may lead to severe hyperten-
sion. Also, obesity is characterized by increased sympathetic nervous activity and insulin 
resistance, which result in sodium retention and in increased levels of renin, angiotensin II, 
and aldosterone.43

 DIAGNOSTIC EVALUATION
Th e fi rst step in evaluating a child believed to have hypertension is to conduct a thorough 
history and physical examination. Th e medical history should include questions regarding 
all cardiovascular risk factors, symptoms suggestive of secondary hypertension, and possible 
target organ damage. In particular, attention should be paid to any history suggesting the 
recent onset of renal disease or of chronic urinary tract infections. In adolescents, the use of 
exogenous steroids, oral contraceptives, illicit drugs, tobacco, or alcohol should be specifi -
cally determined. A history of prematurity, patent ductus arteriosus, or bronchopulmonary 
dysplasia and a positive family history, including age of onset of essential hypertension, 
systemic disease, or endocrinopathy, may help direct further evaluations. A systems review 
that includes the details of diet, salt intake, and exercise will be helpful in eliciting reports 
of symptoms associated with specifi c diseases that can cause hypertension.
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Critical in the physical examination is the careful measurement of BP, as described earlier, 
with special attention to using an appropriately sized cuff  and good technique. BP should be 
measured in all 4 extremities, and the radial, brachial, and, most important, femoral pulses 
should be assessed. To identify any abnormalities, a complete examination should include an 
examination of the optic fundi; calculation of BMI (weight in kilograms divided by the square 
of height in meters); auscultation for carotid, abdominal, and femoral bruits; palpation of the 
thyroid gland; a thorough examination of the heart and lungs; examination of the abdomen 
for enlarged kidneys, masses, and abnormal aortic pulsation; palpation of the legs for edema 
and pulses; cutaneous examination for lesions associated with hypertension such as café au 
lait spots; and a neurologic assessment. Th ese fi ndings will further direct evaluation, which 
should be a stepwise investigation tailored to the age of the child and to the specifi c fi ndings. 
For example, decreased femoral pulses may indicate coarctation of the aorta.2

Hypertension can be diagnosed and managed with an algorithm (Figure 40-2). Ideally, 
BP values should be an average of at least 2 separate measurements or, even better, of 

Measure blood pressure (BP) and height;
calculate body mass index (BMI)

(determine BP category for gender, age, and height)

Stage 2
hypertension

90%–<95% or

120/80 mm Hg

90%–<95% or
120/80 mm Hg

Secondary or primary
hypertension

Secondary
hypertension

Primary 
hypertension

<90%

�95%

Still  �95%

Diagnostic workup
(include evaluation
for target-organ

damage)

Diagnostic
workup (include
evaluation for
target-organ

damage)Consider referral
(to provider

with expertise
in pediatric

hypertension)

Consider
diagnostic workup
and evaluation for

target-organ
damage

(if overweight or
comorbidity exists)

Stage 1
hypertension

Prehypertension

Therapeutic
lifestyle changes

Therapeutic
lifestyle
changes

Prescription
specific

for cause

Normal BMI Overweight

Weight
reduction

Prescription
drug

Normal BMI Overweight

Weight
reduction

Monitor
every 6 mo

Monitor
every 6 mo

Normal BMI Overweight

Weight
reduction
and drug

prescription

Prescription
drug

Prescription
drug

Repeat BP
(over 3 visits)

Repeat BP
(in 6 months)

Normotension

Educate on heart-
healthy lifestyle
(for the family)

Figure 40-2
Algorithm for diagnosing high blood pressure in children. (Modifi ed from National High Blood Pressure 
Education Program Working Group on High Blood Pressure in Children and Adolescents. The fourth report 
on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents. Pediatrics. 
2004;114[2]:555–572.)
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measurements obtained on three separate occasions. All children should be screened for pos-
sible renal dysfunction by obtaining a urinalysis, complete blood count, serum urea nitrogen, 
creatinine, and serum electrolyte evaluation that includes glucose. A renal ultrasound may 
also be appropriate. If the family history is positive for essential hypertension, then a lipid 
profi le that includes high- and low-density lipoprotein cholesterol and triglycerides will help 
assess cardiovascular risk (see Box 40-4).2,10

If hypertension is severe and the initial diagnostic tests are inconclusive, or if BP remains 
elevated after initial treatment, more intensive investigations are indicated. If a renal cause 
is suspected, further imaging of the genitourinary system may be necessary. A stepwise, 
age-appropriate approach is suggested for evaluation for renovascular hypertension. In the 
neonate, color Doppler ultrasound of the aorta and renal vessels is a relatively simple, safe, 
noninvasive, and quick way of detecting aortic, renal venous, and arterial thrombi. Th is 
can be performed in conjunction with a renal ultrasound, which is necessary to look for 
congenital and parenchymal abnormalities. Additional diagnostic tools such as measurement 
of resistive indices and peak systolic velocities in the renal arteries increase sensitivity and 
specifi city for diagnosing renal artery stenosis.44

A negative Doppler study, however, does not exclude renovascular hypertension. Nuclear 
scintigraphy with angiotensin-converting enzyme (ACE) inhibition has moderate sensitiv-
ity and specifi city. It can be useful to evaluate diff erential renal function and predict renal 
functional deterioration with the use of ACE inhibitors.45

Technical advances in recent years have improved the quality of images with high-
resolution contrast-enhanced computed tomographic (CT) angiography, which can give 
3-dimensional views of the renal arteries. Th e disadvantage is the exposure to radiation. 
Magnetic resonance angiography with gadolinium is also an alternative but requires sedation 

BOX 40-4

 Diagnostic Tests for Hypertension and Its 
Consequences
DIAGNOSTIC TESTS

• Urinalysis
• Complete blood cell count with platelets 

and blood smear
• Serum electrolytes, blood urea nitrogen, 

creatinine, calcium, phosphorus, albumin
• Antinuclear antibody, serum C3 

complement
• Plasma renin and aldosterone
• Renal ultrasound with Doppler study 

of renal vessels
• Urinary metanephrine, norepinephrine, 

and epinephrine
• Th yroid function tests
• Urine toxicology

TESTS FOR END-ORGAN DAMAGE

• Chest radiograph
• Electrocardiogram
• Echocardiogram
• Ophthalmologic examination

ASSESSMENT OF ASSOCIATED RISK 
FACTORS

• Serum lipid profi le
• Fasting insulin and glucose
• Serum uric acid
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or general anesthesia and may not provide adequate spatial resolution compared with CT 
angiography. Both imaging modalities could still miss stenotic lesions of the renal arteries 
in small children. Th e gold standard for diagnosis of renovascular hypertension is digital 
subtraction angiography in which the visualization of blood vessels is enhanced by 
digitally subtracting images of background structures.12,31,46

Plasma renin activity can be used to screen for renovascular hypertension and min-
eralocorticoid disease. Th yroid function or serum catecholamine tests may be helpful if 
hyperthyroidism or pheochromocytoma is suspected.

Cardiac evaluation is an important part of the examination.2,39 In addition to a thor-
ough physical examination that includes feeling the femoral pulse, electrocardiography 
and echocardiography may identify coarctation of the aorta and will provide information 
about left ventricular mass. Left ventricular hypertrophy is the most prominent evidence of 
target-organ damage. Th us, in children with established hypertension, left ventricular mass 
should be assessed at diagnosis and periodically thereafter.2 Formal stress testing can help 
assess normal and abnormal BP responses to exercise, which might be especially informa-
tive in young athletes.2,39 Ambulatory BP measurements can help detect hypertension and 
determine the amount of time each day that BP is elevated.

 THERAPY FOR HIGH BLOOD PRESSURE
Th e justifi cation for treating children who have marked hypertension comes from the results 
of adult trials showing that reducing BP has positive eff ects on cardiovascular status and 
reduces the risk for target-organ damage. Pediatric studies showing benefi cial eff ects on 
cardiovascular status are few.12,47

Th erapeutic lifestyle changes are generally recommended for children with mild or mod-
erate hypertension. Initiating a low-salt or no-added-salt diet is reasonable because many 
patients will be salt sensitive. In addition, the intake of fresh vegetables, fruits, fi ber, and 
low-fat dairy products should be increased.48

Body size is a major determinant of BP, and weight loss is often associated with reduced 
systolic and diastolic pressures. Maintaining a normal weight in childhood reduces the likeli-
hood of high BP in adulthood. Weight loss also is associated with decreased BP sensitivity to 
salt and decreases in other risk factors, such as dyslipidemia and insulin resistance.

Exercise as an adjunct to weight loss often reduces BP even more than weight loss alone. 
Increasing regular physical activity and decreasing sedentary activities are important in pre-
venting hypertension in childhood and adolescence. Lifestyle modifi cations are recommended 
for all stages of hypertension because exercise reduces BP in all individuals regardless of body 
mass index. When children and adolescents do not respond to lifestyle modifi cations or have 
conditions such as stage 2 systemic hypertension, secondary hypertension, or established 
hypertensive target-organ damage, medications are indicated. Because the long-term eff ects 
of antihypertensive therapy in children are not well studied, a defi nite indication for drug 
therapy is needed before starting treatment (see Table 40-3).2

All classes of antihypertensive drugs lower BP in children; therefore, the choice of therapy 
depends on the underlying etiology. It is useful to determine whether hypertension is renin 
mediated or non–renin mediated. Volume-dependent hypertension as seen in poststreptococ-
cal glomerulonephritis is responsive to diuretics. Diuretics are not desirable in active athletes 
because of the risk for hypovolemia and hypokalemia.33 ACE inhibitors and receptor blockers 
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Table 40–3
Antihypertensive Drugs Commonly Used to Manage 

Chronic Hypertension in Children

DRUG
INITIAL DOSE 
(mg/kg/day) MAXIMAL DOSE 

INTERVAL 
(TIMES/DAY) 

ACE INHIBITORS 

Benazeprila 0.2 40 mg 1

Captoprilb 0.15–0.5 6 mg/kg/day 3–4

Enalaprilb 0.08–0.5 40 mg 1–2

Fosinoprila 0.1–0.6 40 mg 1

Lisinoprila 0.07 40 mg 1

ANGIOTENSIN RECEPTOR BLOCKERS 

Irbesartana

6–12 yr 2 75–150 mg 1–2

�13 yr 2 150–300 mg 1–2

Losartan 0.7 100 mg 1–2

Candesartan 0.05–0.4 32 mg 1–2

Valsartan 1.3 160 mg 1

ALPHA AND BETA BLOCKERS 

Labetalol 1–4 1,200 mg 2

Atenolol 0.5–1.2 100 mg 1

Bisoprolol/HCTZa 2.5/6.25 mg/day 10/6.25 mg 1

Metoprolol 1–2 200 mg 1–2

Propranolol 1–4 640 mg 2–4

CALCIUM CHANNEL BLOCKERS 

Amlodipine 0.1–0.6 20 mg 1–2

Felodipinea 2.5 mg/day 10 mg 1

Isradipine 0.15–0.2/dose 20 mg 2–4

Extended-release nifedipine 0.25–0.5 120 mg 1

CENTRAL ALPHA–AGONIST 

Clonidine (�12 yr) 0.05–0.2 mg/day 2.4 mg 2–4

DIURETICS 

HCTZ 1–4 200 mg 1–2

Furosemide 0.5–2 6 mg/kg/dose 2–4

Spironolactone 1–3.3 200 mg 2–4

Amiloride 0.4–0.625 20 mg 1

VASODILATORS 

Hydralazine 0.75–1 200 mg 2–4

Minoxidil 0.1–0.5 mg/kg/dose 20 mg 2

ACE, angiotensin–converting enzyme; HCTZ, hydrochlorothiazide.
aNot recommended before age 6 years.
bThe lowest effective dose of these drugs is used in neonates because it can cause acute deterioration 
in renal function.
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are useful in proteinuric renal disease for controlling hypertension, reducing proteinuria, 
and slowing progression of kidney disease. Th ey have to be used with caution in female 
adolescents because of the risk for ACE inhibitor fetopathy. Beta blockers and calcium 
channel blockers can be used in children with hypertension and migraine.12 Beta blockers 
should not be used in active athletes because they decrease cardiac contractility, heart rate, 
and maximum oxygen uptake.49

Th e noncardioselective beta blockers can cause hypoglycemia after intense exercise.12 Th ey 
can be problematic for patients who have reactive airway disease or diabetes. Angiotensin 
blockers and calcium channel blockers have the least adverse eff ects in the physically active 
adolescent.

Th e basic medication strategy is to start with a single drug and assess the response. 
Additional drugs should be added one at a time, always attempting to target a diff erent 
mechanism. In primary hypertension, the drug of fi rst choice is usually an ACE inhibitor or a 
calcium channel blocker. Th e �-agonists are generally considered to be second-line drugs. For 
children who have chronic primary hypertension but no hypertensive target-organ damage, 
the goal of drug therapy should be to reduce BP to below the 95th percentile for sex, age, 
and height. For children with chronic renal disease, diabetes, or hypertensive target-organ 
damage, the goal of therapy should be to reduce BP to below the 90th percentile for sex, 
age, and height.2 Patients with stage 1 hypertension can be monitored every 3 to 6 months. 
Patients with stage 2 hypertension should be monitored more closely depending on the 
degree of control. Hypertension should be treated judiciously in patients with elevated 
intracranial pressure.

Note that ACE inhibitors and angiotensin receptor blockers are teratogenic. Avoidance 
of pregnancy is suggested in sexually active females.

 ATHLETIC PARTICIPATION BY CHILDREN WITH 
HYPERTENSION

Children should be encouraged to participate in noncompetitive physical activity because 
regular aerobic exercise reduces both systolic and diastolic BP. Dynamic exercise greatly 
increases systolic BP and decreases diastolic BP, whereas isometric exercise increases both. 
Children with stage 2 hypertension need to be cautious about participating in competitive 
sports with highly static components (see Figure 40-3 and Table 40-4).50–52

Th e dynamic component is the estimated percentage of maximal oxygen uptake (max O2). 
Higher uptake increases cardiac output. Th e static component is the percentage of maximal 
voluntary contraction. Higher contractions increase blood pressure.

 HYPERTENSIVE EMERGENCY AND URGENCY
A hypertensive emergency or malignant hypertension is defi ned as a sudden elevation in 
blood pressure posing an immediate threat to the integrity of the cardiovascular system, kid-
neys, or central nervous system. Permanent neurologic damage, blindness, and chronic renal 
failure are some of the long-term consequences of malignant hypertension. Hypertensive 
emergency or crisis may occur in individuals previously not known to have hypertension 
or in those known to have chronic hypertension or kidney disease. Initial treatment should 
focus on reducing BP to alleviate acute symptoms, not necessarily to make the patient nor-
motensive. Hypertensive emergencies should be treated with an intravenous antihypertensive 
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Figure 40-3
Classifi cation of sports. This classifi cation is based on peak static and dynamic components achieved 
during competition. It should be noted, however, that higher values may be reached during training. The 
increasing dynamic component is defi ned in terms of the estimated percent of maximal oxygen uptake 
(max O2) achieved and results in an increasing cardiac output. The increasing static component is related 
to the estimated percent of maximal voluntary contraction (MVC) reached and results in an increasing 
blood pressure load. The lowest total cardiovascular demands (cardiac output and blood pressure) are 
shown in green and the highest in red. Blue, yellow, and orange depict low moderate, moderate, and 
high moderate total cardiovascular demands. aDanger of bodily collision. bIncreased risk if syncope occurs. 
cParticipation is not recommended by the American Academy of Pediatrics. dThe American Academy of 
Pediatrics classifi es cricket as a low-static, moderate dynamic sport. (Adapted with permission from Mitchell 
JH, Haskell W, Snell P, et al. Task force 8: classifi cation of sports. J Am Coll Cardiol. 2005;45(8):1364–1367.)
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Table 40-4
Exercise Guidelines for Adolescents With Hypertension, 

by Intervention or Evaluation
INTERVENTION EXERCISE

Prehypertension Daily physical activity
Well-balanced diet
Weight management
Caffeine, drugs, tobacco, and 
stimulant use to be reviewed
BP check every 6 months

No restriction
Can participate in competitive athletic 
sports
Encourage aerobic exercises

Stage 1 
hypertension

Evaluation for end-organ damage
Lifestyle modifi cations as with 
prehypertension

No restriction
Can participate in competitive athletic 
sports if no end-organ damage
Encourage aerobic exercises

Stage 2 
hypertension

Evaluation for end-organ damage
Evaluation by medical specialist
Lifestyle modifi cations as with 
prehypertension
Pharmacologic treatment

Restriction from high static sports
Eligibility for competitive sports depends on 
extent of cardiac disease
Encourage aerobic exercises, with intensity 
determined by extent of cardiac disease
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medication that can steadily reduce BP, decreasing the pressure by no more than 25% over 
the fi rst 8 hours and then gradually reducing it to normal over the next 24 to 48 hours (see 
Table 40-5). In contrast, hypertensive urgency is severe hypertension with no acute (or 
minimal) end-organ damage. It produces less serious symptoms, such as severe headache 
or vomiting. Urgencies can be treated by either intravenous or oral antihypertensives.53

 CONCLUSION
Evidence of a link between the onset of hypertension in childhood and adult morbid-
ity and mortality from end-organ damage is increasing. As pediatricians become more 
aware of the importance of monitoring BP in childhood and diagnosing hypertension 

Table 40–5
Drugs Used to Treat Hypertensive Emergencies 

and Hypertensive Urgencies
HYPERTENSIVE 
EMERGENCY ROUTE DOSE ADVERSE EFFECTS 

Sodium 
nitroprusside

IV 0.5–0.8 mcg/kg/min Thiocyanate toxicity with 
decreased renal function

Nicardipine IV 1–3 mcg/kg/min Headache; increased intracranial 
pressure

Labetalol IV: infusion-bolus 0.25–1.5 mg/kg/hr;
0.2–1 mg/kg/dose 
Maximum, 20 mg/dose

Use with caution in hyperkalemia 
and congestive heart failure

Fenoldopam IV 0.8–3.0 mcg/kg/min Tachycardia; increased intracranial 
pressure

Enalaprilat IV 0.005–0.01 mg/kg/day Acute renal failure and 
hyperkalemia

Hydralazine IV 0.1–0.5 mg/kg/dose 
q4–6hr

Tachycardia, fl ushing, lupus-like 
syndrome

Nifedipine Sublingual 0.1–0.25 mg/kg/dose Precipitous drop in blood pressure; 
tachycardia; headache

Esmolol IV Bolus 100–500 mcg over 
1 min; 25–100 mcg/kg/
min; can increase to 500 
mcg/kg/min

Can cause congestive heart 
failure, bradycardia, and broncho-
spasm; contraindicated in cocaine 
toxicity

Clevidipine IV 0.5–3.5 mcg/kg/min Contraindicated in lipid disorders, 
egg and soy allergy

Phentolamine IV 0.1–0.2 mg/kg/dose Orthostatic hypotension, 
tachycardia, gastrointestinal 
disturbances

Hypertensive Urgency 

Furosemide IV/PO 1–2 mg/kg/dose Electrolyte disturbances

Clonidine PO 0.05–0.3 mg Rebound hypertension; sedation

Minoxidil PO 0.1–2 mg/kg/dose Pericardial effusion

IV, intravenous; PO, by mouth.
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earlier, they have the opportunity to decrease its long-term adverse cardiovascular eff ects. 
Even small reductions in BP can improve the health of children and their cardiovascular 
status later in life. Of equal importance for physicians is the need to educate parents 
and children about the health dangers of obesity because this condition has become 
increasingly prevalent.

When to Refer

• Stage 1 hypertension
• Stage 2 hypertension
Specifi c conditions requiring referral
• Symptomatic essential hypertension
• Secondary hypertension
• Hypertension with diabetes
• Evidence of target-organ damage (left ventricular hypertrophy)
• Neonatal hypertension

When to Admit

• Hypertensive emergencies (associated with manifestations in other organs)
• Hypertensive urgencies (severe BP elevation without other organ involvement)
• Acute glomerular diseases
• Poststreptococcal glomerulonephritis
• Hemolytic uremic syndrome
• Renal artery stenosis
• Fibromuscular dysplasia
• Previous umbilical artery catheter
• Neurofi bromatosis
• Pheochromocytoma
• Coarctation of aorta
• Noncompliance with current antihypertensive medication
• Cocaine toxicity
• Dialysis patients with excessive volume expansion

TOOLS FOR PRACTICE

Engaging Patient and Family
• High Blood Pressure in Children (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/heart/Pages/High-Blood-
Pressure-in-Children.aspx)

Medical Decision Support
• Th e Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood pressure in 

Children and Adolescents (Web page), National Heart, Lung, and Blood Institute (www.
nhlbi.nih.gov/fi les/docs/resources/heart/hbp_ped.pdf )

http://www.healthychildren.org/English/health-issues/conditions/heart/Pages/High-Blood-Pressure-in-Children.aspx
http://www.healthychildren.org/English/health-issues/conditions/heart/Pages/High-Blood-Pressure-in-Children.aspx
http://www.healthychildren.org/English/health-issues/conditions/heart/Pages/High-Blood-Pressure-in-Children.aspx
http://www.nhlbi.nih.gov/files/docs/resources/heart/hbp_ped.pdf
http://www.nhlbi.nih.gov/files/docs/resources/heart/hbp_ped.pdf
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Chapter 41

Hirsutism, Hypertrichosis, 
and Precocious Sexual 

Hair Development
Genna W. Klein, MD; Mariam Gangat, MD

 INTRODUCTION
Th e extent, distribution, and character of body hair depend on age, sex, ethnicity, and 
genetics. When evaluating a child or adolescent for the presence of body hair, under-
standing the history, physiology of the hair follicle, and hair development is essential 
in determining if the appearance of hair warrants immediate investigation, expectant 
management, or reassurance.

 BACKGROUND
Defi nitions
Hirsutism is the presence of excessive terminal hair in androgen dependent and male 
pattern areas (especially in females). Hypertrichosis is excess hair growth, not limited to 
androgen-sensitive areas, and can be generalized or localized.1

Virilization (or masculinization) is a result of (usually pathologic) androgen overpro-
duction, with signs including clitoral or phallic enlargement, masculine body habitus, and 
deepening of the voice. Pubarche and adrenarche, although at times used interchangeably, 
more precisely refer to the onset of sexual hair noted on clinical examination and the bio-
chemical rise of adrenal androgens, respectively. Hyperandrogenism is the presence of elevated 
androgens, manifested either clinically by hirsutism, virilization, acne, male-patterned 
baldness, or biochemically with elevated androgen levels.

The Hair Follicle
Th e human body is covered by 5 million hair follicles. Th e only areas free of hair are the 
lips, palms, and soles. Th ere are 3 main types of human hair, which are present at diff erent 
times and at diff erent locations in the human life cycle: lanugo, vellus, and terminal hair 
types. Lanugo hair sheds during fetal life, and is followed postnatally by vellus hair. Vellus 
hair (fi ne, short, and usually lightly pigmented or nonpigmented), is normally seen over 
the face and arms of children. Terminal hair (thicker, longer and pigmented), is normally 
found on the scalp, eyebrows, and eyelashes from the time of birth.2 Hair growth involves 3 
asynchronous cycles: growth (anagen phase), rapid involution (catagen phase), and resting 
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(telogen phase). Th e anagen phase comprises 8% to 85% of the cycle and determines the 
length and diameter of hair.

Androgens are the primary hormones involved in hair growth, regulating the prolongation 
of the anagen phase and transformation of vellus to terminal hairs. Th is occurs fi rst during 
puberty in androgen-sensitive areas. Paradoxically, the same androgens cause miniaturization 
or the transformation of terminal hair to vellus hair on specifi c areas of the scalp in genetically 
susceptible individuals, causing male-pattern alopecia (Figure 41-1).3

Th e primary androgen aff ecting hair growth is testosterone. In normal pubertal females, 
up to 50% of testosterone production is from the ovaries and adrenal glands. Th e remainder 
is derived from peripheral conversion of weaker androgens to testosterone in adipose tissue 
and skin.4 Most of the testosterone in the circulation is bound to albumin (lower affi  nity) 
or sex hormone binding globulin (SHBG) (higher affi  nity); SHBG is therefore the primary 
regulator of free testosterone activity. Within hair follicles, type II 5�-reductase regulates the 

Figure 41-1
Depending on location and androgen level, the prepubertal vellus hair follicle is transformed into a termi-
nal hair follicle or adult sebaceous hair follicle. Scalp terminal hair follicles under androgen exposure can 
transform back to a vellus type hair follicle. (Reprinted with permission from Rosenfi eld RL. Hirsutism. N 
Engl J Med. 2005;353:2578–2588.)
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conversion of testosterone to dihydrotestosterone (DHT), a more potent androgen because 
of its higher affi  nity for the nuclear androgen receptor.

 INITIAL EVALUATION OF HAIR GROWTH
Th e evaluation of a patient with complaints of excess hair begins with a careful history and 
physical examination with specifi c points relevant to the chief complaint (Box 41-1).

In a preadolescent child, the chief complaint is usually that of body hair or odor. In an 
adolescent patient, the primary complaint depends on sex. Females typically complain of 
menstrual irregularities or dermatological manifestations of hyperandrogenism, including 
severe acne, hirsutism, or androgenic alopecia. Adolescent males come to attention much 
less frequently unless virilization is rapidly progressive or clinical signs such as alopecia or 
acne are excessive.

 HYPERTRICHOSIS
Presentation
Th e initial task on examination is to diff erentiate between true sexual hair and hypertrichosis. 
Th e former will be dark, coarse, terminal hair that is limited to androgen-dependent regions, 

BOX 41-1

Essential Elements in the History and Physical 
Examination for Complaint of Excess Hair
HISTORY

• General
 Current age
 Ethnicity
 History of weight change
 Height acceleration

• Hair Growth Description
 Age of onset
 Progression of hair growth
 Location/distribution of hair

•  Presence of Other Premature/Abnormal 
Pubertal Features (Body Odor, Irregular 
Menses)

• Medical Problems
 Neurologic conditions
 Developmental history

• Medications
 Exposure to exogenous sources of 

androgens
• Birth History

 Birth weight/length
 Perinatal problems

• Family History
 Maternal polycystic ovary syndrome 

(PCOS)

 Early infant demise
 Hirsute or infertile female relatives

PHYSICAL EXAMINATION

• General
 Blood pressure
 Anthropometric measurements
 Dysmorphology
 Masculinization

• Skin
 Acne, oily skin
 Café au lait spots, striae

• Hair
 Type (lanugo, vellus, terminal)
 Amount/severity
 Location/pattern (androgen-dependent 

areas vs generalized)
• Th yroid enlargement
• Puberty

 Tanner stage pubic hair
 Females: breast Tanner staging, areolar 

hair, clitoromegaly, vaginal mucosa 
(estrogenization)

 Males: testicular volume, phallic 
enlargement 
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BOX 41-2

Causes of Hypertrichosis and Associated Conditions
CONGENITAL/GENETIC DISORDERS

• Congenital hypertrichosis lanuginose
• Universal congenital hypertrichosis/Ambras

syndrome
• Mucopolysaccharidosis
• Cornelia de Lange syndrome
• Trisomy 18
• Fetal hydantoin syndrome
• Fetal alcohol syndrome

SYSTEMIC ILLNESS

• Anorexia nervosa
• Hypothyroidism

• Malnutrition
• Malignancies

MEDICATIONS

• Corticosteroids
• Diazoxide
• Phenytoin
• Cyclosporine
• Streptomycin
• Minoxidil

while hypertrichosis refers to excess hair growth relative to persons of the same age, sex, and 
ethnicity but excluding androgen-induced hair growth.5 If true sexual hair is abnormally 
present, androgen levels should be measured and, if elevated, the source of hyperandrogen-
ism should be investigated (see Hyperandrogenism).

Classifi cation
Hypertrichosis is described based on type of hair (lanugo, vellus, or terminal), age of onset 
(congenital or acquired), distribution (generalized or circumscribed), and location (forehead, 
ear, neck, back).5 Although hypertrichosis is uncommon in children, there are many causes 
and associated conditions, some of which are listed in Box 41-2.

Classifi cation of the diff erent forms of congenital generalized hypertrichosis is diffi  cult 
given its rarity and overlap of features. For example, universal congenital hypertrichosis is 
often used interchangeably with Ambras syndrome, characterized by extremely long vellus hair 
growth over the entire body (except palms, soles, and mucosae).1,2,4,5 Other experts think that 
Ambras syndrome is a separate entity.2 A careful examination with attention to the hair type 
and distribution is critical in classifi cation. Th e mode of inheritance in most cases is autoso-
mal dominant, although families with apparent X-linked transmission have been described.5 
In a separate form, congenital hypertrichosis lanuginose, aff ected infants present at birth with 
generalized homogeneous lanugo hair, which progressively sheds over the fi rst year of life.5 
Th e mode of inheritance is autosomal dominant although sporadic cases have been reported.6

While the above types are rare, an interesting more common form of hypertrichosis is 
prepubertal hypertrichosis, in which the hair is noted at birth and progresses, with a predilec-
tion for (terminal) hair growth on the forehead, eyebrows, upper back, and upper limbs.7 
Circumscribed forms of hypertrichosis also exist. An example of such is lumbosacral hypertri-
chosis, which, if seen on the newborn examination, should prompt an expeditious evaluation 
for an occult spinal dysraphism. Of note, hypertrichosis can be an early manifestation of 
pubarche, so the prepubertal patient should be observed for progression of the hair develop-
ment specifi c to androgen-dependent areas.
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Treatment
Hypertrichosis can be a source of embarrassment for aff ected children and adolescents. 
Patients should be counseled that diff erent treatment options are favored for diff erent ages, 
types of hair, and body locations, but that all treatments have their limitations, pros, and 
cons. Treatments can be divided into diff erent categories: physical cosmetic interventions 
(bleaching, waxing, plucking, trimming, shaving, chemical depilatories, electrolysis); light 
sources and lasers (of which there are diff erent types); and pharmacological treatment.1,5 
Further discussion on treatment modalities can be found in the discussion on hirsutism below. 
It is important to consider, however, that since hypertrichosis is androgen independent, 
antiandrogen therapies are not indicated for its treatment.

 HYPERANDROGENISM
When the history and physical examination are consistent with increased production of 
androgens, hormonal levels should be drawn to help determine the source. Causes can be 
broadly divided into the location of hormone production: adrenal, gonadal, tumor, or exog-
enous. Exogenous sources include androgenic medications and anabolic steroids.

Adrenal Hyperandrogenism

Adrenal Anatomy and Adrenarche
Th e adrenal cortex comprises 3 zones, each responsible for a diff erent hormone pathway. Th e 
zona glomerulosa synthesizes aldosterone under regulation of the renin-angiotensin system. 
Th e zona fasiculata (glucocorticoid synthesis) and the zona reticularis (androgen synthesis) 
are regulated by the hypothalamic-pituitary-adrenal (HPA) axis. Corticotropin-releasing hor-
mone (CRH) from the hypothalamus stimulates secretion of adrenocorticotropic hormone 
(ACTH) from the pituitary gland, which in turn stimulates the adrenal gland. Adrenarche 
is characterized by the maturation of the zona reticularis, leading to increased androgen 
production and the appearance of pubic hair (pubarche). Th e main androgens derived from 
the adrenal glands are dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate 
(DHEAS), androstenedione, and testosterone. Adrenarche has a role in sexual maturation; 
however, it occurs independently from gonadotropin-dependent puberty.

Premature Adrenarche
Premature adrenarche refers to the earlier than normal timing of this process: before 
age 8 years in girls and age 9 in boys. However, there is racial and ethnic variation in 
the age at which puberty begins in normal children. Premature adrenarche is seen more 
commonly in females and black children.8,9 It has also been associated with fetal 
growth restriction, as seen in small for gestational age (SGA) babies and in prematurity.10 
Th e concept of fetal programming and the association of pre- and post-natal weight gain 
with premature adrenarche, the development of obesity, metabolic syndrome, and PCOS 
offers attractive, yet incompletely understood mechanisms whereby nutritional, hor-
monal (GH-IGF system and insulin, for example) and epigenetic phenomena might link 
early processes with subsequent disease.11,12

PRESENTATION AND DIFFERENTIAL DIAGNOSES. Th ese children usually present 
with pubic hair, initially noted perilabially in girls and at the base of the penis in boys. 
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Associated fi ndings can include axillary hair and odor, oily skin, or mild acne. Signs of viriliza-
tion are absent. Transient height acceleration and advancement of bone age may be present; 
however, fi nal adult height is usually unaff ected in cases in which the premature adrenarche 
is deemed benign (once other causes of premature hair development are excluded). Exposure 
to an exogenous hormone or drug must be ruled out because premature adrenarche caused 
by exogenous sources is reversible with removal of the source. Examples of exogenous causes 
include a family member who is using a testosterone gel without taking proper precautions 
for close contacts. Of more concern, premature adrenarche may be the fi rst sign of a seri-
ous underlying disorder such as an androgen-secreting adrenal tumor or congenital adrenal 
hyperplasia (CAH). In these conditions, signs of virilization can be present and the bone 
age is signifi cantly advanced.

CONGENITAL ADRENAL HYPERPLASIA. Congential adrenal hyperplasia represents 
a group of autosomal recessive disorders involving a defi ciency in 1 of the enzymes in 
adrenal steroid synthesis, leading to impaired cortisol production and increased ACTH 
production. Shunting of precursors proximal to the enzymatic block results in increased 
androgen production. Th e disease manifestations vary clinically and biochemically 
with each specific enzyme deficiency. The most common cause is 21-hydroxylase 
deficiency (mutations in the CYP21B gene located on chromosome 6) leading to 
decreased aldosterone and cortisol and increased production of androstenedione and 
testosterone. Although the classic form is usually diagnosed in infancy with salt-wasting 
in boys and ambiguous genitalia plus salt wasting in girls, a non-classic 21-hydroxy-
lase defi ciency typically presents later in life, with premature adrenarche, hirsutism, or 
menstrual abnormalities.

Evaluation and Treatment
If the fi ndings are consistent with sexual hair development (with or without axillary 
hair, axillary odor, or acne) without any rapid progression, signs of virilization, or signs 
of true puberty (testicular enlargement in boys and breast development in girls), close 
follow-up is recommended. Baseline adrenal hormone levels (DHEA, DHEAS, andro-
stenedione, testosterone, 17-hydroxyprogesterone) as well as a bone age (radiograph of 
left hand and wrist) may be performed. In children with premature adrenarche, androgen 
levels are in the early-pubertal range and the bone age is usually within 2 standard devia-
tions of chronologic age.

If progression of pubic hair is rapid, signs of virilization are present, or there is 
moderate elevation of androgen levels or advancement of bone age, an ACTH stimula-
tion test is warranted to rule out nonclassical (or late-onset) CAH. Markedly elevated 
androgen levels or signifi cant advancement of bone age suggests an androgen-producing 
adrenal or gonadal tumor. If a tumor is suspected, ultrasound or MRI for localization 
is necessary. Further, if there are signs of true pubertal development, other baseline or 
stimulation tests to evaluate the hypothalamic-pituitary-gonadal (HPG) axis as well 
as hypothalamic-pituitary imaging may be necessary. Th e evaluation and treatment of 
true precocious puberty will be discussed briefl y below and in Chapter 62, Puberty: 
Normal and Abnormal.

Once a careful evaluation excludes these other conditions, reassurance and continued 
follow-up of growth and pubertal progression is necessary to make sure that the initial 
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complaints and investigations do not herald a more serious condition. No specifi c medical 
treatment is indicated for premature adrenarche. Although premature adrenarche has been 
characterized as a benign condition (with many sources referring to it as benign premature 
adrenarche), studies in girls have shown associations with conditions such as PCOS and 
metabolic syndrome.13,14 Obesity and acanthosis nigricans are more common in patients 
with premature adrenarche. Off spring of women with PCOS are at higher risk for pre-
mature adrenarche, and brothers of women with PCOS have been found to have higher 
levels of DHEAS than brothers of unaff ected women, suggesting a common cause or risk 
factor.15 Th ese fi ndings also lend support to a role for both adrenal and ovarian hyper-
androgenism in PCOS, as opposed to it being merely an ovarian process (see section on 
PCOS). Although these associations among pre- and postnatal growth patterns, obesity, 
adrenarche, hyperandrogenism, metabolic derangements, and PCOS phenotypes have led 
to numerous hypotheses regarding common underlying hormonal mechanisms, a single 
cause remains elusive.12,16

Gonadal Hyperandrogenism
Th e diff erential diagnosis of premature pubarche is age-dependent and may be the presenting 
sign of a more serious underlying endocrinopathy.17

Precocious Puberty
Precocious puberty can be generally divided into gonadotropin-dependent or gonadotropin-
independent precocity.

Gonadotropin-dependent, also referred to as central or true precocious puberty, results 
from abnormalities of the central nervous system that disrupt the balance between inhibi-
tory and stimulatory factors. Th ese abnormalities include congenital malformations, 
tumors, and acquired causes such as trauma, infection, surgery, radiation, or chemotherapy. 
A unique congenital malformation is hypothalamic hamartoma, which is ectopically located 
neural tissue containing gonadotropin-releasing hormone (GnRH) secretory neurons. For 
most aff ected females, no specifi c cause of central precocious puberty can be identifi ed, 
and precocity is therefore classifi ed as idiopathic. GnRH agonists are the mainstay of treat-
ment for central precocious puberty. Th e increased potency and continuous stimulation 
desensitizes the pituitary to stimulation from endogenous GnRH, thus halting further 
progression of puberty.

Gonadotropin-independent precocious puberty can be caused by gonadal tumors, McCune- 
Albright syndrome, and in males by familial testotoxicosis—a disorder caused by a missense 
mutation of the luteinizing hormone (LH) receptor. Peripheral precocious puberty can induce 
maturation of the HPG axis, and secondarily lead to true central precocity.

Infancy
In the neonatal period, there is activation of the HPG axis, leading to androgen produc-
tion. Peak testosterone production between 1 to 3 months of age coupled with a tran-
sient increase in the sensitivity of sexual hair follicles is thought to cause the appearance 
of pubic hair in the fi rst few months of life. Th e pubic hair tends to occur in atypical 
locations—on the mons pubis in girls and on the scrotum in boys; it generally regresses 
spontaneously.18
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Young Child
While generally not the presenting sign of normal central puberty, sexual hair can precede 
the initial signs of true puberty in up to 20% of normal boys and girls. Th erefore, prema-
ture adrenarche may be the presenting sign of premature central precocious puberty (CPP), 
defi ned as occurring before age 8 years in girls and 9 years in boys. Chapter 62, Puberty: 
Normal and Abnormal, reviews pubertal development in normal and abnormal states. 
Briefl y, puberty is the process of physical changes leading to sexual maturity, reproduc-
tive capability, and completion of skeletal growth. Th e process is initiated by gonadarche 
or reactivation of the HPG axis. Th e HPG axis is regulated by central inhibitory and 
stimulatory neurotransmitters, as well as peripheral factors such as nutrition and body 
mass composition. Increased pulsatile release of GnRH from the arcuate nucleus of the 
hypothalamus acts on the pituitary to stimulate LH and follicle-stimulating hormone 
(FSH) production. In females, LH acts on the ovarian theca cells and stimulates andro-
gen production. Testosterone diff uses to the nearby granulosa cells where FSH stimulates 
aromatase conversion of testosterone to estrogen. In males, LH acts on the Leydig cells 
to stimulate testosterone production while FSH acts on the Sertoli cells to initiate and 
maintain spermatogenesis.

In girls, breast bud development (thelarche) is typically the initial physical change in 
puberty, which is then followed by the appearance of pubic hair. Height acceleration or 
growth spurt occurs early in girls, always preceding menarche. In boys, testicular enlargement 
(>3 mL in volume) is generally the fi rst sign of puberty, followed by penile enlargement, and 
development of pubic hair. Th e growth spurt occurs later in boys. A careful physical examina-
tion at the time of initial consultation, as well as continued follow-up for the development 
of other pubertal signs is crucial in determining if the child has isolated adrenarche or the 
evolution of CPP.

Adolescent Female
In the adolescent female presenting with signs of hyperandrogenism, the diff erential diagnosis 
includes PCOS, idiopathic hirsutism, nonclassical CAH, exogenous exposure, or tumor. Th e 
diagnostics of the latter 3 conditions have been discussed previously.

POLYCYSTIC OVARY SYNDROME. Polycystic ovary syndrome (PCOS) was fi rst 
described by Stein and Leventhal in 1935.19 It is the most common endocrine disorder 
aff ecting adolescent females and women of childbearing age. Although a single cause con-
tinues to elude scientists, much has been discovered regarding contributing factors and 
comorbidities. Th e diagnostic criteria have been adjusted and remain variable given diff erent 
expert panel consensus statements. Th is, as well as imprecision with androgen assays, has 
made determination of true prevalence diffi  cult.20,21 Most endocrinologists accept menstrual 
irregularities as the symptom of anovulation, combined with either biochemical or clini-
cal evidence of ovarian hyperandrogenism as the pillars of diagnosis of PCOS. Although 
polycystic ovaries can support the diagnosis of PCOS, their absence does not rule out the 
diagnosis.22 As with the workup of the younger child for premature pubarche, it is impera-
tive to exclude other causes of hyperandrogenism, such as exogenous exposure, tumor, and 
congenital adrenal hyperplasia, among others, prior to diagnosing a patient with PCOS. 
Further, other endocrinopathies can masquerade as PCOS, such as severe hypothyroidism 
and hypercortisolism.
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PCOS in adolescence can manifest diff erently than in adult women. Whereas the chief 
complaint bringing the adult woman to medical attention may be menstrual irregularity 
or infertility, adolescent females might be more troubled by excess hair, acne, male-pattern 
alopecia, or menstrual irregularities, including even primary amenorrhea in some. Further, 
adolescent females with menstrual irregularities or weight gain and acne might be falsely 
led to believe that these fi ndings are merely physiologic changes associated with pubertal 
development. Th is can lead to a delay in medical attention, evaluation, and treatment, as 
well as a negative eff ect on self-esteem.

PCOS is likely a polygenic, multifactorial condition. Multiple associated symptoms and 
biochemical derangements have been regarded as common to most females with PCOS. 
While obesity and insulin resistance, for example, play a role in many patients, there are 
lean women with PCOS as well. Fetal origins of PCOS have been studied, with attention 
to exposures in utero and the subsequent development of of insulin resistance and hyperan-
drogenism, as in the child with premature adrenarche.23 Further, children born SGA have 
an increased risk for PCOS.24 Ovarian hyperandrogenism is a feature in PCOS, with the 
contribution of adrenal hyperandrogenism as well. Th e ovarian theca cells produce weak 
androgens in response to stimulation by LH by the pituitary gland. In nonpathological states, 
the granulosa cells, under control of FSH, aromatize the androgens to estrogens. In PCOS an 
imbalance of LH/FSH leads to a decreased ability to aromatize excess androgen, and failure 
of the establishment of a dominant follicle, thus resulting in anovulation.

Although insulin resistance is a fundamental component of PCOS, it is unknown whether 
it causes, exacerbates, or functions as a marker for the condition. Females with PCOS are 
more insulin resistant than weight-matched females without PCOS. Whereas the liver, 
muscle, and adipose tissues are resistant to insulin in predisposed hosts, the ovary and adrenal 
glands maintain sensitivity to insulin. Th is results in enhanced ovarian hyperandrogenemia. 
Hyperinsulinism also decreases the level of sex hormone binding globulin (SHBG), which 
in turn increases the level of available free testosterone.

Th e manifestation of PCOS is variable across ages and ethnicities, and even within the 
individual. As mentioned, menstrual irregularities implying anovulation and clinical or bio-
chemical hyperandrogenism are cardinal features. It is important to note that some girls and 
women with menstrual irregularity do ovulate, and conversely, some girls and women who 
bleed regularly are not experiencing ovulatory cycles. Most often, however, the presentation 
related to menses is oligomenorrhea or secondary amenorrhea, although primary amenorrhea 
and dysfunctional uterine bleeding are possible complaints as well.

Th e evaluation of a female suspected of having PCOS begins with a careful history 
and physical examination. Family history of hormonal disorders, infertility, hirsutism, or 
unexplained newborn demise (unrecognized congenital adrenal hyperplasia with adrenal 
crisis) should be explored. A complete past medical history, including birth data (for SGA), 
medications, and exposures is important, along with the timing of puberty and 
menstrual history. Th e presence of other fi ndings related to the diff erential diagnosis 
of menstrual irregularities should be sought: disordered eating, large weight fl uctuations, preg-
nancy, symptoms of thyroid disease, galactorrhea, and so on. Th e tempo of physical changes, 
including menstrual irregularities, and dermatological or other manifestations of hyperandro-
genemia, if present, is crucial to determine if the process is gradual as opposed to sudden and 
rapidly progressive. Th e latter is more consistent with an exposure or an androgen-secreting 
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tumor, and may be accompanied by more signifi cant signs of virilization, including voice 
deepening and clitoromegaly, which are only rarely seen in PCOS.

A complete physical examination is warranted to evaluate a female with menstrual 
irregularities, including a blood pressure check, body mass index measurement, careful 
inspection of optic discs for papilledema, skin for acanthosis nigricans, palpation of the 
thyroid, and breast examination for galactorrhea. Furthermore, specifi c attention should 
be given to the dermatological signs of hyperandrogenism, including acne (severity, 
location, extent), alopecia, and hirsutism. Th e modifi ed Ferriman-Gallwey score is a 
widely accepted method of quantifying hirsutism.3,25 Th is system estimates the amount 
of terminal hair in 9 areas: upper lip, chin, arms, thighs, chest, and upper and lower 
abdomen and back. Each area is assigned a score of 0 (absent) to 4 (extensive hair growth 
visible); therefore, the total score can range from 0 to 36. A score of 8 or greater indici-
ates hirsutism; 8 to 15 indicates moderate hirsutism and greater than 15 indicates severe 
hirsutism (Figure 41-2).

Although widely used, this system has several limitations including the subjective 
nature of the assessment, inability to account for focal hirsutism, and lack of population 
based data that take into account racial and ethnic diff erences in body hair. Examination 
of the genitalia for clitoromegaly as well as the presence of estrogenized vaginal mucosa 
also should be done.

Figure 41-2
Modifi ed Ferriman-Gallwey (F-G) hirsutism scoring system. The F-G score should be used during clinical 
examination of a woman with hirsutism. (Reprinted with permission from Yildiz BO, Bolour S, Woods K, 
Moore A, Azziz R. Visually scoring hirsutism. Hum Reprod Update. 2009;16[1]:51–64.)
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Th e laboratory evaluation of a woman suspected of having PCOS will be driven by the 
physician’s index of suspicion and whether a previous workup for menstrual irregularities 
has been performed. If the patient has not been evaluated in the past, the full complement 
of studies may include a complete blood count and metabolic profi le, LH, FSH, prolactin, 
thyroid function tests, pregnancy test, estradiol, and chromosomal analysis. Free 
testosterone is the single most helpful test in the diagnosis of PCOS. Alternatively, a 
total testosterone test with SHBG level can be done. Testosterone assays have been notori-
ous for lack of standardization and precision, especially in the lower concentrations that are 
expected in women. Tandem mass spectrometry is available through commercial laboratories, 
and should be used if possible.22,26 DHEAS and androstenedione levels are often elevated 
in females with PCOS as well. Insulin resistance with hyperinsulinism is seen in many 
patients with PCOS, more commonly when the patient is obese. Because PCOS is associated 
with metabolic syndrome, aff ected females should be screened for glucose abnormalities. 
Appropriate evaluations could include a hemoglobin A1c, fasting glucose, and a 2-hour 
oral glucose tolerance test, along with fasting lipid panel and complete metabolic profi le. 
Th e increased risk of obstructive sleep apnea in women with PCOS has been attributed to 
hyperandrogenism, rather than to obesity alone.27

IDIOPATHIC HIRSUTISM. Idiopathic hirsutism is a diagnosis of exclusion, defi ned as 
hirsutism with regular ovulation and normal androgen levels. Many mechanisms have been 
implicated, including minor ovarian or adrenal functional hyperandrogenism, increased 
peripheral conversion of testosterone to DHT, or abnormalities in the androgen receptor 
leading to increased sensitivity of hair follicles to normal androgen levels.28 A careful his-
tory, including a complete menstrual history as well as details of the onset and progression 
of the hair growth, and physical examination are important to exclude other diagnoses. Of 
note, menstrual regularity does not preclude an anovulatory state. Th us it is recommended 
to obtain an early-morning free testosterone level in the following patients: women with 
moderate or severe hirsutism, women with hirsutism of any degree with sudden onset or 
rapid progression, or women with accompanying signs or symptoms suggesting malignancy 
or PCOS.26

Treatment
Treatment options for hirsutism can be divided into pharmacological therapy and cosmetic 
management. Education about reasonable expectations is crucial: the eff ects of pharmaco-
logical therapy do not become evident before 6 to 12 months of treatment because of the 
long duration of the anagen phase of the hair cycle. Th e choice of treatment depends on 
patient preference, the extent to which the area of hirsutism is amenable to cosmetic hair 
removal, and cost of treatment.

In PCOS, there are 4 levels of treatment: restoration of menstrual regularity; treatment 
of hirsutism, which is typically the most distressing symptom of androgen excess in adoles-
cents; treatment of obesity and metabolic abnormalities if they exist; and improvement of 
psychological impairment that may be associated with any of the above.

Th e fi rst line of pharmacological treatment for both idiopathic hirsutism and hirsut-
ism in PCOS is oral contraceptive pills (OCPs), which inhibit ovarian androgen bio-
synthesis in 2 ways: suppression of gonadotropin secretion and increased hepatic SHBG 
production (thereby decreasing free androgen concentrations). OCPs usually combine a 
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synthetic estrogen and progestin. Products that contain low-androgenic progestins, such 
as drosperinone or norgestimate, should be used. In addition to decreasing hirsutism, 
OCPs regulate menstrual cycles and protect the endometrium which is benefi cial in 
PCOS. Side eff ects include breast tenderness, gastrointestinal discomfort, and worsen-
ing of headaches in a patient with migraines. Th e most serious side eff ect is the risk of 
venous thromboembolism, which is increased in women older than 35, with a history 
of cigarette smoking, and with a personal or family history of a clotting disorder. A careful 
assessment of these risks is warranted. Drosperinone has been implicated in imparting 
an even higher risk of thromboembolism than other progestins, but it is not clear if that 
risk is clinically signifi cant.29,30 Th e long-term eff ect of OCPs on metabolic risks (lipid 
abnormalities and glucose tolerance) have not been closely studied, and should be kept 
in mind when choosing a regimen.31,32

If hirsutism persists after 6 months of treatment with an OCP, or if the use of an OCP 
is contraindicated or not desired, an antiandrogen can be used. In women of child-bearing 
potential, antiandrogen medications should not be used without adequate birth control 
measures because feminization of the male fetus can theoretically occur. Spironolactone, the 
most widely prescribed antiandrogen, is also an aldosterone antagonist and so should not be 
used in patients with renal failure, hyperkalemia or in conjunction with other medications 
that cause hyperkalemia. Spironolactone is a competitive inhibitor of the androgen recep-
tor and also inhibits 5�-reductase activity, thus demonstrating properties of both fl utamide 
and fi nasteride, other antiandrogens which have been used in the treatment of hirsutism. A 
study comparing these 3 agents demonstrated similar effi  cacies in the treatment of hirsutism 
after 6 months.33 Th e long-term use of pharmacological therapy for hirsutism in adolescent 
females has not been studied.31

Cosmetic forms of hair removal include both temporary and permanent methods. 
Temporary treatments include hair removal from the skin surface (depilation) and those 
that extract hairs from above the bulb (epilation). Depilation methods include shaving and 
the use of chemical depilatory agents. Shaving is the least expensive method. Contrary to 
common belief, shaving does not increase the diameter of the hair follicle or aff ect the rate 
of hair growth; however, shaving can cause irritation and folliculitis. Depilatory agents dis-
solve hair by reducing the disulfi de bonds and peptides of hair keratin at the skin surface. 
Th ey can cause irritant dermatitis. Bleaching, although not a method of hair removal, can 
camoufl age dark hair. Epilation methods include plucking and waxing. Plucking can be 
painful and time-consuming, making it useful only in small areas such as the face.

Electrolysis and photoepilation are methods of permanent hair reduction, not removal. 
Electrolysis involves placing a fi ne needle in the hair follicle and applying an electrical cur-
rent. Because each follicle is treated individually, the process is time-consuming and diffi  cult 
if large areas need treatment. Photoepilation uses lasers and other light sources such as IPL 
to damage hair follicles without damaging the surrounding tissues. It is most eff ective in 
patients with light skin complexion and dark hair. Although hair follicles are destroyed, vellus 
hair follicles can remain, and in patients with hyperandrogenism these follicles can convert 
to terminal hair resulting in hair regrowth. Photoepilation requires multiple treatments, is 
expensive, and can cause dyspigmentation and scarring.

Efl ornithine hydrochloride cream, which has been approved for the treatment of facial 
hirsutism, irreversibly inhibits ornithine decarboxylase (ODC) in hair follicles. Essential in 
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hair growth, ODC catalyzes the synthesis of polyamines, small cationic molecules that play 
a role in cell proliferation in hair follicle development and growth. Th e cream can be added 
to photoepilation therapy for a more rapid initial response.

In adolescents with PCOS who have abnormalities of glucose or signifi cant hyperin-
sulinism, treatment should be aimed at managing metabolic abnormalities in conjunction 
with the above measures. Dietary and exercise changes should be the fi rst-line treatment for 
obesity and dyslipidemia. Although these measures can be extremely challenging, it should 
be emphasized to the patient that as little as a 5% to 10% weight loss can have signifi cant 
clinical outcomes, including improvement in biochemical hyperandrogenism, menstrual 
regularity, and glycemic profi les.32,34 Lifestyle changes with small achievable goals should be 
set. Th e current evidence suggests that multiple dietary strategies can be successful as long 
as they are nutritionally adequate and can be sustained. Goals for exercise should focus on 
overall health improvement, not weight loss.

Glucophage, a biguanide insulin sensitizing agent, is the single oral antihyperglycemic 
drug approved for use in children as young as 10 years of age. It inhibits hepatic glucose 
production and increases insulin sensitivity in peripheral tissues. Th e common side eff ects 
of nausea and diarrhea can be minimized by starting at a low dose, titrating upward as toler-
ated, and taking it with meals. Long-term treatment with glucophage has been associated 
with malabsorption of B12.

35 Th e most serious, although rare, complication is lactic acidosis. 
Glucophage is contraindicated with renal or hepatic impairment, severe congestive heart 
failure, or a history of alcohol abuse. It is used along with OCPs in the treatment of PCOS, 
especially in patients with diabetes or impaired glucose tolerance. In patients in whom OCPs 
are contraindicated or not desired, glucophage has been used as monotherapy.

Although the treatment of infertility is not a common issue in adolescence, the implica-
tion of PCOS on future fertility should be discussed with aff ected young women. At the time 
when fertility is desired, referral to a reproductive endocrinologist is appropriate. 

 SUMMARY
Abnormal or excessive hair development is a common presenting complaint in the pediatric 
population. A thorough history and physical examination will guide further evaluation and 
separate benign conditions from more serious pathology. Premature adrenarche and PCOS 
may be manifestations of the same disease process, which may have origins in fetal life.

When to Refer

• Signs of adrenarche (pubic hair, axillary hair, and/or odor) prior to age 8 in girls and 
9 in boys

• Signs of virilization (clitoromegaly, masculine body habitus) in girls at any age
• Signs of virilization (penile enlargement, deepening of the voice) in boys prior to age 

9 or rapid virilization at any age
• Signs of puberty in girls (breast development, menarche) prior to age 8
• Signs of puberty in boys (testicular enlargement) prior to age 9
• Symptoms of PCOS (hirsutism, menstrual irregularities) in girls
• Metabolic syndrome (obesity, hypertension, insulin resistance or type 2 diabetes 

mellitus, dyslipidemia)
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When to Admit

• Hypertension secondary to suspected mineralocorticoid excess (congenital adrenal 
tumor [CAH]–C-11 hydroxylase defi ciency)

• Central nervous system (CNS) symptoms (headaches, visual changes) secondary to 
CNS lesions

• Severe abdominal and/or pelvic pain secondary to suspected mass
• Marked hyperglycemia requiring insulin treatment

TOOLS FOR PRACTICE

Engaging Patient and Family
• Puberty—Ready or Not, Expect Some Changes (handout), American Academy of 

Pediatrics (patiented.solutions.aap.org)
• What Is a Pediatric Endocrinologist? (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/health-management/pediatric-specialists/pages/
What-is-a-Pediatric-Endocrinologist.aspx)

AAP POLICY STATEMENT

American Academy of Pediatrics Committee on Adolescence, American College of Obstetricians 
and Gynecologists, Committee on Adolescent Health Care. Menstruation in girls and adolescents: 
using the menstrual cycle as a vital sign. Pediatrics. 2006;118(5):2245–2250 (pediatrics.aappublications.
org/content/118/5/2245.full)
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Chapter 42

Hoarseness
Sanjay R. Parikh, MD

 DEFINITIONS
Normal voice production requires the ability to generate subglottic air pressure during 
expiration, adduction of the vocal folds (previously called cords), reliable vocal fold muco-
sal wave production, and exit of air through the upper airway. Hoarseness is a symptom of 
vocal dysfunction that describes a breathy, harsh, coarse, strained, or raspy voice. In children, 
hoarseness can be used to describe both the quality of the voice and the quality of the cry. 
Causes vary by age group and can be attributed to infectious, anatomic, traumatic, infl ammatory, 
neoplastic, neurologic, and iatrogenic sources. Th e prevalence of childhood hoarseness has been 
estimated as 6% to 7%.1,2 Hoarseness and stridor may occur distinctly or sometimes concur-
rently. Hoarseness should be discerned from stridor, which is a sign of turbulent airfl ow caused 
by obstructive lesions within the upper airway. See Chapter 74, Stridor, for a detailed discussion.

 DIFFERENTIAL DIAGNOSIS
Forming a diff erential diagnosis (Box 42-1, Box 42-2) for the hoarse child depends on the 
quality of hoarseness, progression of symptoms, related infection, history of surgery or 
trauma, and associated respiratory distress.3 Th e age of the patient at the onset of hoarseness 
is a useful way to organize the potential causes.

Neonate and Infant
Hoarseness that occurs at birth or shortly thereafter is most often attributable to congenital, 
traumatic or iatrogenic, neoplastic, or infl ammatory sources. In this subgroup of prelingual 
patients, hoarseness often refers to a weak or breathy cry.

Vocal fold paralysis in the neonate is a well-known cause of hoarseness and stridor.4 
Bilateral vocal fold paralysis, which is usually congenital, often causes respiratory distress and 
stridor, whereas unilateral vocal fold paralysis is more likely to exhibit initially as hoarseness 
or dysphagia. Central nervous system (CNS) disease such as the Arnold-Chiari malforma-
tion must be ruled out in cases of bilateral vocal fold paralysis.5 A weak or breathy cry in 
a neonate after thoracic or cervical surgery should alert the physician to the possibility of 
recurrent laryngeal nerve injury as a source of iatrogenic vocal fold paralysis. Additionally, 
traumatic intubation can cause arytenoid cartilage dislocation, with subsequent vocal fold 
immobility and hoarseness.

Congenital laryngeal webs form as a result of failure of the larynx to canalize fully dur-
ing embryologic development.6 Webs may occur exclusively with hoarseness, but they may 



Signs and Symptoms in Pediatrics540

Box 42-1

Diff erential Diagnosis of Pediatric Hoarseness 
by Category
CONGENITAL

• Laryngeal anomalies
 Laryngomalacia
 Glottic webs
 Subglottic stenosis
 Laryngeal cleft 

• Cystic lesions
 Laryngocele
 Saccular cyst
 Th yroglossal duct cyst
 Cervical bronchogenic cyst 

• Angiomas
 Lymphatic malformation
 Hemangioma
 Arteriovenous malformation 

• Cri du chat syndrome

NEUROGENIC (CONGENITAL 
AND ACQUIRED)

• Supranuclear (eg, hydrocephalus)
• Nuclear (Arnold-Chiari malformation, 

Guillain-Barré syndrome)
• Peripheral (eg, myasthenia gravis, cardiovas-

cular anomalies, recurrent laryngeal nerve 
trauma)

• Psychogenic hoarseness

VOCAL FOLD ABUSE

• Vocal fold nodules
• Vocal fold polyps

NEOPLASIA

• Papilloma
• Squamous cell carcinoma

PHYSICAL VOICE CHANGE 
OF PUBERTY

INFLAMMATORY

• Infectious
 Viral laryngopharyngitis (upper respira-
tory tract infection)

 Viral laryngotracheitis (croup)
 Bacterial supraglottitis (epiglottitis)
 Rare infections: (Candida, diptheria, 
tuberculosis, leprosy) 

• Noninfectious
 Laryngopharyngeal refl ux
 Allergic laryngitis
 Foreign body
 Angioedema
 Rheumatoid arthritis
 Relapsing polychondritis
 Chemical irritation (smoking, second-
hand smoke, toxic fumes, inhaled 
medications)

TRAUMATIC

• Hematoma
• Laryngeal cartilage fracture
• Impacted foreign body
• Postintubation

 Arytenoid dislocation
 Fold avulsion
 Granuloma
 Acquired glottic web
 Subglottic stenosis 

• Recurrent laryngeal nerve injury
 Th yroidectomy
 Tracheotomy
 Cardiac surgery
 Tracheoesophageal fi stula repair
 Tracheal resection
 Penetrating neck wound 

Adapted with permission from Friedberg J, El-Hakim H. Hoarseness. In: Bluestone CD, Stool SE, Kenna MA, eds. Pediatric 
Otolaryngology. 4th ed. Philadelphia, PA: WB Saunders; 2003.
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be associated with aphonia, stridor, and respiratory distress. Laryngeal webs vary from thin 
slips of tissue between the anterior areas of the vocal folds to complete laryngeal atresia, 
which is incompatible with life unless recognized immediately. Atresia or near-total atresia 
has been referred to as congenital high airway obstruction syndrome.7 Laryngeal saccular 
cysts are characterized by symptoms of airway obstruction and dysphagia. Saccular cysts are 
fi lled with mucinous fl uid and arise as a result of an abnormal dilation of the saccule of the 
larynx secondary to secretory outfl ow obstruction.

Posterior laryngeal clefts are an uncommon laryngeal anomaly that result in an abnormal 
opening in the posterior larynx. Clefts can simply involve the posterior laryngeal commis-
sure, but may extend through the cricoid inferiorly through the tracheoesophageal septum. 
Symptoms depend on the extent of the cleft; at birth, clefts typically cause aspiration, stridor, 
respiratory distress, and weak cry.

Subglottic hemangiomas classically occur between the fi rst and sixth month of life, with 
varying degrees of respiratory distress, stridor, cough, dysphagia, and hoarseness.8 Th e natural 
history of hemangiomas is that of proliferation followed by involution. Subglottic heman-
giomas can be unilateral, bilateral, or circumferential, and are more common in girls than in 
boys. Cutaneous hemangiomas of the head and neck are found concurrently in approximately 
50% of cases of subglottic hemangioma.

A relationship may exist between pediatric and adult laryngeal disease and refl ux.9,10 
Whereas gastroesophageal refl ux (GER) refers to the backfl ow of stomach contents into 
the esophagus, laryngopharyngeal refl ux (LPR) refers to the backfl ow of stomach contents 
into the throat, or laryngopharynx. Gastroesophageal refl ux disease commonly produces 
emesis, dysphagia, sleep disturbance, and failure to thrive.11 Th e association among GER, 

Box 42-2

Diff erential Diagnosis of Pediatric Hoarseness 
by Age
0 TO 6 MONTHS

• Traumatic intubation
• Iatrogenic: surgical
• Neurogenic: central or peripheral
• Neoplastic: hemangioma
• Congenital: web, cleft, cyst 

6 MONTHS TO 5 YEARS

• Traumatic: foreign bodies, intubation
• Infectious: URI
• Neoplastic: papillomas
• Behavioral, traumatic: nodules
• Infl ammatory: allergy, LPR 

5 TO 13 YEARS

• Behavioral, traumatic: nodules
• Infectious: URI
• Infl ammatory: allergy, LPR
• Neoplastic 

13 TO 18 YEARS

• Infectious: URI
• Infl ammatory: allergy, LPR
• Behavioral, traumatic:

• Male: mutational or transitional voice
• Female: nodules

• Functional: muscle tension dysphonia

LPR, laryngopharyngeal refl ux; URI, upper respiratory infection.
Adapted and modifi ed with permission from Smith ME, Gray SD. Voice. In: Bluestone CD, Stool SE, Kenna MA, eds. 
Pediatric Otolaryngology. 4th ed. Philadelphia, with permission PA: WB Saunders; 2003. 
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LPR, and various neonatal laryngeal disorders such as hoarseness, posterior laryngitis, 
and silent aspiration, however, is an area of intense study that remains complicated and 
controversial.12–14

Older Child
Older children and adolescents are subject to many of the same sources of hoarseness as 
adults. Infectious, infl ammatory, traumatic, and neoplastic conditions such as laryngitis, 
LPR, vocal nodules, and respiratory papillomata are the leading causes of hoarseness among 
older children.14

Hoarseness of childhood from infectious disorders such as infective laryngitis, supraglot-
titis, and laryngotracheobronchitis rarely present a diagnostic challenge; however, concern 
over the airway should always take precedence. For example, hoarse voice may be an early 
indicator of the impending airway compromise seen in epiglottitis.

Although debate continues as to the specifi c role of LPR in the development of laryn-
geal lesions and hoarseness in children, infrequent refl ux events have been shown to cause 
hoarseness in adults.15 LPR has also been found in association with pediatric laryngeal 
manifestations such as vocal fold nodules, posterior laryngitis, false vocal fold edema, vocal 
fold granulomas, functional voice disorders, and hoarseness.10,16,17 In addition, animal stud-
ies have shown that subglottic stenosis results when gastric acid is applied to the subglottic 
mucosa of dogs.18

Vocal nodules arise from phonotrauma or voice abuse and are more common in boys 
than in girls.19 Symptoms may fl uctuate based on aggravation by vocal abuse and respira-
tory tract infections. Sudden worsening of symptoms is sometimes seen when polyps swell 
from internal hemorrhage with excessive vocal trauma. Children with vocal nodules may 
share symptoms with other members of the immediate family who have similar vocal traits.

Airway trauma is also a potential cause of hoarseness in the older child and adolescent. 
Sources include blunt or penetrating injuries and intubation trauma.

Hoarseness of a progressive and unrelenting nature suggests a possible neoplastic cause. 
Ninety-eight percent of pediatric laryngeal neoplasms are benign, and recurrent respiratory 
papillomatosis (RRP) is by far the most common lesion.13 RRP may be found on upper 
aerodigestive tract mucosal surfaces other than that of the larynx and have a characteristic 
cluster-of-grapes appearance. RRP may, however, be indistinguishable from the rare but 
ominous laryngeal squamous cell carcinoma of childhood.

Hoarseness in the adolescent years may also be of behavioral or psychogenic etiology. 
Mutational voice disorder occurs in male adolescents and results in hoarseness and high pitch 
during the stress of physiologic pubertal voice change. Paradoxical vocal fold dysfunction 
(seen more often in girls) is a disorder of psychogenic origin often misdiagnosed as asthma, 
which can produce episodic stridor or hoarseness.20

 EVALUATION
Relevant History
A thorough history is an essential part of the investigation of hoarseness. Th e age of the child 
is a critical factor in the development of an appropriate diff erential diagnosis, as is informa-
tion on the quality of the voice with speech or crying, exacerbating or alleviating factors, 
and associated symptoms. Neurologic and congenital fi xed anatomic lesions typically occur 
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at birth, whereas infl ammatory, neoplastic, traumatic, or iatrogenic causes of hoarseness 
occur later. Th e onset and course of dysphonia should be considered. Intermittent dysphonia 
may be related to infectious or infl ammatory causes such as laryngitis, whereas persistent 
dysphonia may suggest a fi xed anatomic lesion. A progressive, unremitting hoarse voice may 
suggest an enlarging neoplasm.

A review of medical and surgical history is also helpful. Patients with hoarseness who 
have symptoms such as regurgitation or vomiting, feeding diffi  culties, throat clearing, foreign 
body sensation, and cough may have underlying refl ux.

Stridor that accompanies hoarseness should be investigated and treated expeditiously, 
because turbulent airfl ow resulting from airway obstruction may be life threatening.

Physical Examination
A thorough physical examination, including a complete head and neck examination, should 
be part of the evaluation of pediatric hoarseness. Inspection of cranial nerve function and for 
craniofacial anomalies may reveal the underlying cause of a patient’s hoarseness. Cutaneous 
head and neck hemangiomas, for example, may suggest a potential laryngeal hemangioma. 
Signs of aspiration during deglutition may be suggestive of sensorimotor causes of dysphonia 
such as vocal fold paralysis.

Laryngoscopy
An essential part of the otolaryngologic physical examination is visualization of the larynx. 
Flexible nasopharyngolaryngoscopy, indirect mirror laryngoscopy, and rigid videostroboscopy 
are all methods for visualizing the larynx that can provide useful, if not diagnostic, clues as 
to the source of a patient’s hoarseness.

Indirect laryngoscopy using a mirror can be performed on cooperative children and can 
allow the physician to visualize gross disease and infl ammatory changes in the larynx. Th is 
technique has largely been replaced by fl exible fi beroptic nasopharyngolaryngoscopy, which 
provides clear views of laryngeal anatomy and function. Flexible endoscopy can be performed 
on virtually all age groups, although toddlers and patients who are developmentally delayed 
pose the greatest challenge to the examiner. Topical anesthesia can be used with topical 
decongestants to facilitate the examination. Th e fl exible endoscope is gently passed through 
the nose or mouth. Examination in a nonmonitored setting, however, is not advisable if the 
patient has a tenuous airway or severe congenital cardiac anomalies.

Videostroboscopy uses a rigid, angled telescope placed gently into the oropharynx for 
dynamic examination of laryngeal anatomy and function. Examination requires a cooperative 
child. Videostroboscopy uses rapidly pulsed light to examine the vibratory characteristics of 
the vocal fold mucosa. Examinations are recorded on video to allow for repeated assessments 
viewed at diff erent speeds to enhance visualization of the vibratory quality of the laryngeal 
mucosa. Vocal nodules or other lesions on the surface of the vocal fold will dampen the 
mucosal wave.

Imaging
Th e role of diagnostic imaging in the workup of the hoarse child is of prime importance 
when the physician suspects CNS disease, external compression, malignancy, or external 
trauma.
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Chest and neck plain-fi lm radiographs may demonstrate mediastinal masses, cardio-
vascular anomalies, or abnormalities in the air column, suggesting possible infectious or 
obstructive diseases.

Computed tomography and virtual bronchoscopy are excellent methods for specifi cally 
defi ning the caliber of the airway and for delineating the site and extent of pathologic changes 
in airway caliber.21,22 Indications for laryngeal or neck computed tomography include con-
genital cysts, solid neoplasms, and external trauma.

Magnetic resonance imaging is helpful when suspicion exists of CNS disease such as 
the Arnold-Chiari malformation, and when evaluating possible airway hemangiomas or 
vascular malformations.

Refl ux Testing
Symptomatic or overt GER and LPR in the hoarse child may not necessitate expensive or 
invasive diagnostic studies. In the absence of identifi able disease in the hoarse child, how-
ever, investigation into LPR may be warranted. Although consensus on the role of LPR as 
it relates to various otolaryngologic manifestations is lacking, at least 1 study has used pH 
monitoring to suggest an association between pediatric refl ux and hoarse voice in a cohort 
of children.17,23 Several diagnostic modalities exist for the workup of LPR, including pH 
monitoring, impedance testing, nuclear medicine scintiscan, barium esophagoscopy, and 
direct laryngoscopy with or without biopsy.

Ambulatory 24-hour single-electrode pH monitoring remains the gold standard for the 
diagnosis of GER in infants and children.24 Th e double-electrode pH probe, with distal 
esophageal and pharyngeal electrodes, however, is thought to be the best method for diag-
nosing LPR and the otolaryngologic manifestations of GER.25,26

Although pH-monitoring studies remain the gold standard for diagnosis of GER and 
LPR, they do not detect episodes of nonacidic refl ux. Multichannel intraluminal impedance 
monitoring and nuclear medicine scintigraphy can measure both acidic and nonacidic episodes 
of refl ux, which may play a role in such serious events as apnea, apparent life-threatening 
events, aspiration, and sleep disturbance.27,28 Nuclear medicine scintiscans have specifi city 
between 83% and 100%, but they have been shown to be only 15% to 59% sensitive and lack 
a standardized technique, limiting the usefulness of comparisons between studies.17 Impedance 
monitoring evaluates the pH-independent change in intraluminal electrical resistance that 
occurs with the movement (anterograde or retrograde) of a bolus of food, liquid, or gas 
within the esophagus.29 Th is technique may be a reliable tool for evaluating the association 
between GER-related symptoms and nonacidic refl ux events, and it may ultimately replace 
pH monitoring as the standard tool for detecting LPR in infants and children.22,30

Barium esophagram has variable sensitivity and specifi city for the diagnosis of LPR. It is 
useful mainly for detecting anatomic abnormalities such as hiatal hernia.31

Laryngoscopy with biopsy may be the most specifi c test for LPR, but at least 1 study 
has failed to show a correlation between laryngoscopy and upper pH probe fi ndings with 
signifi cant laryngeal histopathologic infl ammatory fi ndings.32

 MANAGEMENT
Congenital Lesions
Management of hoarse voice resulting from unilateral or bilateral vocal fold paralysis is usu-
ally secondary to stabilization of the airway and management of dysphagia and aspiration. 
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Tracheotomy is sometimes required in patients with bilateral vocal fold paralysis, but conser-
vative management in select patients has been advocated.33 However, patients with congenital 
or acquired unilateral vocal fold paralysis often recover normal vocal quality by spontaneous 
resolution of the paralysis or by compensatory movement of the unaff ected fold over time. 
Recovery has been noted up to 11 years after paralysis.34 In cases of persistent unilateral 
fold paralysis with persistent hoarseness, the treatment of choice remains speech therapy, 
although reports have surfaced of successful surgical vocal fold medialization techniques in 
the children.33,35

Laryngeal webs are managed surgically, either endoscopically or via more extensive open 
laryngotracheal reconstruction techniques. Th e type of operation depends primarily on 
the location and extent of the lesion, with thin webs being more amenable to endoscopic 
management.

Saccular cysts of the larynx are often managed endoscopically with excellent results via 
aspiration and marsupialization by sharp dissection or with the carbon dioxide (CO2) laser. 
Cyst recurrence, however, is well documented following endoscopic management, and open 
resection of the cyst may be necessary in these cases.

Posterior laryngeal clefts vary greatly in their extent and symptoms. Extensive or symp-
tomatic clefts must be repaired as early as possible. Although endoscopic repair is possible 
in small clefts limited to the larynx and upper trachea, more extensive open techniques are 
used for larger clefts. Tracheotomy may also be placed in cases in which staged reconstruc-
tion of the cleft is necessary, and a gastrostomy tube is often needed to limit aspiration and 
protect the operative site following surgical repair of the cleft.

Neoplasia
Subglottic hemangioma is a complicated airway anomaly without a universally accepted 
treatment. Numerous management options exist, including close observation, systemic or 
intralesional steroids, laser ablation, open surgical excision, and tracheotomy.

Recurrent respiratory papillomatosis associated with human papilloma virus (HPV), 
represents another airway tumor with a large number of accepted primary and adjuvant 
therapeutic modalities. CO2 laser excision was developed as a treatment for RRP in 
the 1970s and remains a popular method for removing laryngeal papilloma, although 
it is associated with potentially severe sequelae such as airway fi re, scarring, chronic 
laryngeal edema with airway compromise, vocal fold scarring, and poor voice. Nonlaser 
therapies such as cold dissection and powered débridement have also been used success-
fully for excision of RRP with comparable outcomes. Several adjuvant therapies, such 
as intralesional cidofovir, �-interferon, indole-3-carbinol, bevacizumab, and heat-shock 
protein E7, have been used with varying degrees of effi  cacy and safety.36 Th ere is hope 
that with the introduction of HPV vaccines there may be a future generational shift in 
the reduction of RRP.

Infl ammation and Infection
Behavioral and lifestyle modifi cations; pharmacotherapy using H2 antagonists, proton-pump 
inhibitors, prokinetic agents, and antacids; and surgical therapy with fundoplication are 
acceptable for the management of GER and LPR in infants and children.

Viral laryngitis and laryngotracheobronchitis are generally treated conservatively, 
but they may require airway protection or intravenous steroids in severe cases. Bacterial 
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infections such as epiglottitis and membranous laryngotracheobronchitis, though 
now rare, necessitate early airway protection and intravenous antibiotics directed 
against Staphylococcus aureus and Haemophilus infl uenzae, unless culture results direct 
diff erently.

Trauma
Th e management of vocal fold nodules resulting from phonotrauma primarily relies on 
behavioral modifi cation and speech therapy aimed at maximizing vocal hygiene. Only in 
rare circumstances is surgical excision indicated, because failure to correct the underlying 
voice misuse is likely to result in nodule recurrence.

Arytenoid dislocation resulting from intubation trauma can be adequately treated if 
recognized and reduced early under anesthesia with microlaryngoscopy.

Blunt laryngeal trauma resulting in hoarseness necessitates close observation and may 
require the use of systemic corticosteroids and tracheotomy in cases of severe laryngeal 
injury and edema. In adolescents with laryngeal fracture, open reduction and fi xation may 
be required.

For patients with hoarseness related to iatrogenic unilateral vocal fold immobility, injec-
tion or external vocal fold medialization have been showed to be eff ective. Recurrent laryn-
geal nerve reinnervation procedures are also emerging as promising therapeutic options for 
long-term improvement.

 SUMMARY
Most cases of pediatric hoarseness result from benign, reversible, and self-limited disease; 
however, some causes of hoarseness are progressive, malignant, and potentially life-threat-
ening. Th orough evaluation, precise diagnosis, and appropriate intervention are therefore 
essential.

When to Refer

• Recognized cardiac, esophageal, or neurologic disease
• Progressive hoarseness
• Presence of cutaneous hemangioma
• Hoarseness after external trauma or uneventful intubation
• Poor speech intelligibility or psychosocial sequelae
• Hoarseness that has been present since birth

When to Admit

• Presence of respiratory distress, stridor, tachypnea, or tachycardia
• Hoarseness following external trauma

TOOLS FOR PRACTICE

Engaging Patient and Family
• Hoarseness (fact sheet), American Academy of Otolaryngology—Head and Neck Surgery 

(www.entnet.org/content/hoarseness)

http://www.entnet.org/content/hoarseness
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Medical Decision Support
• Clinical Practice Guideline: Hoarseness (Dysphonia) (guideline), American Academy of 

Otolaryngology—Head and Neck Surgery (www.entnet.org/content/clinical-practice-
guideline-hoarseness-dysphonia)
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Chapter 43

Hyperhidrosis
Nancy K. Barnett, MD

When excessive (beyond the norm for thermoregulation) localized sweating occurs in child-
hood, the child or the family usually expresses concern because the sweating is either odiferous 
or so intense that it interferes with hand functions (eg, holding a pencil) or foot functions. 
Axillary hyperhidrosis usually becomes more of a problem in adolescence because of the embar-
rassment of the sweat ring on clothing and the odor associated with bacterial degradation of 
apocrine sweat. Th e apocrine glands are stimulated at puberty by androgenic hormones. Palmar 
and plantar hyperhidrosis caused by eccrine sweat production may occur at any age. Eccrine 
sweat glands controlling thermoregulation are most numerous on the palms, soles, and axillae.

Palmoplantar hyperhidrosis is thought to be stimulated by anxiety, whereas axillary 
hyperhidrosis is probably stimulated by both heat and emotion. Both stop during sleep.1 

Researchers have postulated that emotions and the temperature of the blood perfusing the 
hypothalamus stimulate the secretion of the hormones that regulate the autonomic nervous 
system’s control of perspiration such that cholinergic sympathetic fi bers hyperstimulate 
eccrine and apoeccrine sweat glands.2

 EVALUATION
Excessive sweating that is not limited to the palms, soles, and axillae may be caused by and 
indicate a systemic disorder, such as infection, hypoglycemia, drug withdrawal, lymphoma, 
thyrotoxicosis, pheochromocytoma, or Riley-Day syndrome. Th ese disorders should be 
considered in the presence of generalized increased perspiring.

 MANAGEMENT
Systemic anticholinergic agents may block acetylcholine, the sympathetic innervation 
terminal neurotransmitter to eccrine glands, and help hyperhidrosis, but the side eff ects 
of cholinergic blockage preclude their long-term use. Th e application of prescription 20% 
aluminum chloride (eg, Drysol) every other day has been an eff ective treatment for palmar 
sweating. Plantar hyperhidrosis also responds to aluminum salts, and absorbent powders 
(eg, Zeasorb) are used more easily here than on the palms. Some authors report successful 
control of palmar and plantar hyperhidrosis with tap-water iontophoresis.3

Palmar and plantar hyperhidrosis can be controlled by inhibiting sweat production with 
subepidermal injections of botulinum A toxin, which purportedly blocks the presynaptic 
acetylcholine release and is eff ective for as long as 12 months. Patients as young as 14 years 
have been treated in this manner, but temporary or, rarely, permanent muscle and nerve 
injury from the injections limits the toxin’s usefulness in these locations.3,4
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For bromhidrosis (malodorous hyperhidrosis) of the soles, cleansing frequently with 
drying deodorant soaps and applying topical antibiotics (erythromycin or clindamycin) 
may help. Th e patient should go barefoot whenever possible.

Axillary hyperhidrosis is troublesome because continual sweating makes maintaining 
an eff ective antiperspirant in contact with the axillary skin diffi  cult. One approach is to 
apply prescription 20% solution of aluminum chloride in anhydrous ethanol to the 
axillary vault.5 A problematic side eff ect of this treatment can be an irritant contact derma-
titis, uncomfortable enough to require hydrocortisone cream for relief of infl ammation. For 
individuals who have axillary hyperhidrosis and bromhidrosis, frequent clothing changes 
may be necessary, as may the use of topical antibiotics and deodorant powders. Propranolol 
and anxiolytics are options to reduce emotional stress.

Successful axillary sweat gland chemodenervation with intradermal botulinum toxin 
injections is being increasingly used and is an approved indication for the toxin.3,6 In extreme 
cases, when these measures fail and the patient is desperate for relief, local axillary skin can be 
excised or glands removed by less scarring curettage or liposuction techniques with reason-
able expectation of success. Because of its attendant complications, ganglion sympathectomy 
cannot be recommended for most patients who have axillary hyperhidrosis.3 Hyperhidrosis 
is often life altering, and data exist to support management, even with signifi cant measures 
like axillary suction curettage, because it improves quality of life.2

Management of primary palmoplantar and axillary hyperhidrosis may have the secondary 
benefi t of decreasing the signifi cant risk for associated infections such as warts, dermatophy-
tosis, and pitted keratolysis as well as eczematous dermatitis, which can coexist.7

When to Refer

• Hyperhidrosis that interferes with the function of a body part (eg, hand so slippery 
wet that the child cannot hold a pencil)

• Generalized excessive sweating
• Socially isolating hyperhidrosis as a result of odor or excessive drenching of clothing
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Chapter 44

Hypotonia
Alfred J. Spiro, MD

Hypotonia indicates diminished resistance to passive movement around the range of 
motion of a joint. Th e commonly used term fl oppy refers to hypotonia, or weakness, or 
both. No readily administered, accurate test exists to quantify hypotonicity. Furthermore, 
tone, especially in a young infant, may vary greatly during the day or even during the 
examination. Hypotonia is not a diagnosis in itself; however, the origin of a neonate’s 
fl oppiness may be obvious in, for example, overwhelming sepsis, meningitis, or marked 
hyperbilirubinemia. Central nervous system (CNS) abnormalities are commonly associated 
with hypotonia. Generally, central hypotonia involves diminished tone without appreciably 
diminished strength coupled with preserved or hyperactive deep tendon refl exes. In disorders 
of the motor unit (lesions of the anterior horn cell, peripheral nerve, myoneural junction, 
or muscle), strength is usually diminished, and tone may be reduced as a result. Hypotonia 
that is not associated with a motor unit disorder is more common than hypotonia caused 
by an underlying motor unit disorder. Testing of strength in infants and young children 
is diffi  cult, even for experienced examiners; it can usually be done by observation of how 
strong a baby’s kicking and pushing are, for example, or by functional testing.

 HYPOTONIA NOT CAUSED BY MOTOR UNIT DISORDERS
Disorders virtually anywhere in the brain may be associated with hypotonia. Global devel-
opmental delay is a common, but not universal, accompanying feature, as is microcephaly. 
Magnetic resonance imaging (MRI) of the brain may be helpful in documenting the lesion 
in some cases. In many instances, a specifi c diagnosis cannot be made. As infants who have 
hypotonicity get older, the abnormal tone may evolve into spasticity and the diagnosis of 
spastic quadriplegia, spastic diplegia, or other form of cerebral palsy becomes evident. A com-
mon misconception is that cerebral palsy is caused by obstetrical trauma; in most instances, 
the cause of cerebral palsy remains unknown.1,2 Nevertheless, a review of birth records, drug 
administration, and factors surrounding prematurity is indicated. On examination, deep-
tendon refl exes are usually but not always hyperactive. Abnormalities of tone in patients 
with cerebral palsy are usually global; that is, both proximal and distal. Treatment of various 
types of cerebral palsy is supportive and symptomatic and usually requires a multidisciplinary 
team eff ort.

Several genetic syndromes, Down syndrome among the most common, are associated 
with hypotonia; the diagnosis can be made on clinical grounds and with appropriate genetic 
studies. Newborns and young infants with Prader-Willi syndrome may be extremely hypo-
tonic and demonstrate a diminished level of consciousness. As these babies get older, tone 
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may improve, and they may become obese. Th ey have characteristic almond-shaped eyes, 
short stature, and some degree of intellectual disability and hypogonadism; some have severe 
eating disorders and scoliosis, but these features are usually not present until school age. 
Th e clinical features coupled with analysis showing a deletion in the chromosome 15q11-13 
region can generally establish the diagnosis.

Several of the Ehlers-Danlos syndromes3 may simulate hypotonicity, but the major fea-
ture of this group of connective tissue disorders is hyperlaxity of joints. Weakness is not a 
prominent feature.

Hypothyroidism and other metabolic disorders may be accompanied by hypoto-
nia. Neonatal screening generally includes a test for hypothyroidism. If the diagnosis 
is not obvious on physical examination, then appropriate thyroid function studies can 
be done.

 HYPOTONIA CAUSED BY MOTOR UNIT DISORDERS
History
In taking the history, the primary care physician should note whether hypotonia was present 
at birth or was recognized later. Parents of fi rst children may have no basis for comparison 
and may not recognize an abnormality. Occasionally, photographs or family videos can be 
extremely useful in revealing abnormalities denied or not noted by parents. Breech presenta-
tion is common in babies who are subsequently diagnosed as having a motor unit disorder, 
but the reason for this has not been established. Congenital hip dislocation may be present 
in children who have central core disease, a congenital myopathy.4

Th orough questioning can usually determine whether the hypotonia is improving or 
worsening or if weakness is periodic, as observed in hyperkalemic periodic paralysis (a rare 
autosomal-dominant disorder with onset usually in infancy or early childhood). Th e dis-
tribution of weakness, whether it is predominantly proximal, distal, or global, can also be 
identifi ed with questions such as whether the baby or child moves the fi ngers and toes better 
than the large muscles of the pelvic and shoulder girdles. Details of the child’s developmental 
milestones also can provide a clue to the nature of the lesion. For example, language devel-
opment is normal in infantile progressive spinal muscular atrophy (SMA)5 and impaired in 
myotonic dystrophy.6

Facial muscle weakness, observed in some congenital myopathies, can be considered if 
the parents state that the child sleeps with the eyelids partially open. Extraocular muscles, in 
addition to facial muscles, are abnormal in myotubular myopathy.7 Acquired autoimmune 
myasthenia gravis8 and myasthenic syndromes9 can occur in young children and may cause 
ptosis, extraocular muscle weakness, and, in some cases, generalized weakness and respiratory 
distress. Less severely aff ected patients may have only limited abnormal fi ndings at the time 
of examination. Family videos taken at the times of the patient’s maximal clinical involve-
ment can be useful to document signs not seen in the examining room. Physicians should 
inquire about swallowing and sucking diffi  culties.

Details of the family history can be helpful because many of the motor unit disorders are 
genetic. Th e presence of consanguinity suggests an autosomal-recessive entity. Examining 
parents and siblings can sometimes be revealing because some genetic disorders may be 
expressed quite subtly in family members and often are overlooked. Facial muscle weakness 
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is a common example; patients do not seek medical attention if they cannot puff  up their 
cheeks, whistle, or squeeze their eyelids closed completely, all features seen in certain con-
genital myopathies or facioscapulohumeral muscular dystrophy.10 If early-onset myotonic 
dystrophy type 1 is thought to exist, then the child’s mother and other family members 
should be examined for myotonia (slowed relaxation after a voluntary or induced muscle 
contraction) because neither percussion nor electrical myotonia is observed in infants or 
very young children.

Physical Examination
Th e physician should conduct a thorough search for systemic disorders. Dysmorphic fea-
tures such as high-arched palate and dental malocclusion are observed in some congenital 
myopathies, such as nemaline myopathy. An enlarged heart and congestive heart failure 
are observed in glycogen storage disease caused by acid maltase defi ciency. Clubfoot defor-
mity is commonly seen in the infantile form of myotonic dystrophy. Joint abnormalities 
and scoliosis are common in several motor unit disorders.

A striking paucity of spontaneous movement is observed in infantile progressive 
SMA11; paradoxical respiration, in which the chest wall moves inward during inspiration 
instead of expanding, is also observed often.

In infants and in children younger than 5 years, manual muscle testing generally cannot 
be accomplished reliably, making observation of spontaneous movement and functional 
testing, such as the ability to hold the head erect, sit, roll over, and stand, and walk on heels 
and toes, mandatory. Assessing cranial nerve function should emphasize identifying facial and 
extraocular muscle weakness, as well as fasciculation and atrophy of the tongue. Fasciculation 
of the tongue, observed in infantile progressive SMA,11 should be assessed with the tongue 
not protruded and with the child not crying. Tremulousness of the outstretched fi ngers 
(minipolymyoclonus12) is seen almost exclusively in SMA with a protracted course and in 
some hereditary sensorimotor neuropathies. Generally, deep-tendon refl exes are reduced 
or absent in motor unit disorders but preserved in most cases of myasthenia gravis. With 
hypotonia of central origin, refl exes are preserved or hyperactive; however, many exceptions 
to this rule can be found. Th e presence or absence of extensor plantar responses is also often 
diffi  cult to assess in young children; these responses may normally be present at up to a year 
or more of age.

Laboratory Studies
Laboratory studies include blood testing, neurophysiologic evaluation, and histologic exami-
nation of muscle. Laboratory studies should be goal directed and performed in an orderly 
manner. Serum muscle enzyme levels, particularly creatine kinase, are always markedly 
elevated in Duchenne and Becker muscular dystrophy but are not always increased in con-
genital myopathies. Th ey are generally normal or only minimally increased in spinal muscular 
atrophy. DNA studies for diagnostic purposes are readily available in many commercial and
research laboratories (see Gene Tests or OMIM in the Tools for Practice section at the 
end of this chapter) for several motor unit disorders, including infantile progressive SMA, 
myotonic dystrophy, various hereditary sensorimotor neuropathies, selected mitochondrial 
myopathies, and Duchenne and Becker muscular dystrophy. When these disorders are 
thought to exist on clinical grounds, an appropriate DNA study may be all that is needed 
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to document the diagnosis. Th us, a child who has classic infantile progressive SMA can be 
spared many painful studies when the DNA study is conclusive.13 Other noninvasive studies, 
such as computed tomography, MRI, or sonographic imaging of muscles, can assess muscle 
mass accurately; in the presence of very small muscles, imaging is indicated if a muscle biopsy 
is contemplated. Electromyographic studies can be useful in the diagnosis of motor unit 
disorders,14 but because of the pain involved and the need for sedation in some cases, they 
should be used with discretion when DNA studies are not helpful. Nerve conduction studies 
can be extremely useful in distinguishing the various types of peripheral neuropathies seen in 
infants and children. Repetitive stimulation studies are very helpful in diagnosing disorders 
of the myoneural junction, including infantile botulism, but testing can be quite painful. 
Physicians who are experienced in the particular technical and other problems encountered 
in this age group should perform all electrodiagnostic studies in young children.

Muscle biopsies, performed either with a special needle or surgically, are most useful 
in myopathies such as congenital myopathies,4 congenital muscular dystrophy, metabolic 
myopathies, and mitochondrial disorders.15 Many specialized analytical studies are available 
when needed. In virtually all instances when a biopsy is performed, sections should be taken 
for histochemical, biochemical, ultrastructural, and genetic studies, although not all of these 
studies are used in every case.

Selected Motor Unit Disorders

Anterior Horn Cell Disease
Given the near elimination of paralytic poliomyelitis in the United States, the various types 
of infantile progressive SMA constitute the major disease in this category. Eponyms have 
been applied to these disorders, including Werdnig-Hoff mann disease, but these terms may 
be misleading and confusing. Now, a much more useful operational classifi cation of SMA 
(Table 44-1) is commonly used.11

In all types of infantile progressive SMA, cognition is normal, as are extraocular muscles. 
Weakness and muscle wasting are proximal more than distal and are more pronounced in 
the legs than in the arms. Fasciculation of the tongue and minipolymyoclonus12 (in types 
I and II, respectively) are observed often, and arefl exia and normal sensation are the rule. 
Joint contractures and scoliosis may develop, especially in type II. All forms are autosomal 
recessive, with the responsible gene having been located at 5q11-q13. A deletion of the 
survival motor neuron gene has been identifi ed in most patients, making this situation use-
ful for diagnostic purposes and for prenatal diagnosis.16 Recent advances in understanding 
the molecular basis of this disorder have made phenotype-genotype correlation possible. 

Table 44-1
Spinal Muscular Atrophy

Type Age of Onset Course

I Birth to 6 mo Never sits independently, even when placed; progressive; demise <2 y

II 6–18 mo Sits independently when placed; life expectancy into the 20s or later

III >18 mo Weakness after having learned to walk; normal life expectancy
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Treatment generally is supportive and includes physical therapy and, when needed, respira-
tory and nutritional support and genetic counseling. Scoliosis is common in type II and 
must be addressed appropriately with a body jacket, molded back support, or surgery. Most 
children who have type II can use a motorized wheelchair at approximately 2 to 3 years of 
age. Life expectancy in type II can be well into adulthood.

Peripheral Nerve Disorders
Peripheral nerve disorders are rare in infancy and very early childhood. Hypomyelinating 
neuropathy17 can produce severe weakness, hypotonia, and arefl exia in a neonate or young 
infant. Th e diagnosis can be anticipated when extremely abnormal nerve conduction studies 
are encountered and can be confi rmed with DNA studies or with a nerve biopsy. Hereditary 
sensorimotor neuropathies, with the many variants of Charcot-Marie-Tooth disease, are 
the most common cause of childhood peripheral nerve disorders and may cause both gait 
abnormalities from weakness of the anterior tibialis muscles and deformities of the foot.18 
Ankle jerks are often diminished or absent, but all refl exes may be preserved in the early 
phases of peripheral neuropathies. Nerve conduction studies can be extremely useful in sepa-
rating axonal from demyelinating neuropathies. DNA studies can be diagnostic in selected 
hereditary neuropathies, especially the demyelinating and the X-linked varieties. Treatment 
addresses symptoms; some children who have foot drop may require bracing.

Several CNS disorders may have a demyelinating form of peripheral nerve involvement 
in addition to abnormalities in the cerebral white matter; these include metachromatic 
leukodystrophy, Krabbe disease, and adrenoleukodystrophy.

Myoneural Junction Disorders
Several disorders of the myoneural junction8,9 aff ect children and infants: passively acquired 
autoimmune myasthenia gravis, also known as transient neonatal myasthenia; ac -
quired autoimmune myasthenia gravis, also known as juvenile or childhood myasthenia; 
nonautoimmune myasthenic syndromes, also known as congenital myasthenia gravis; and 
infantile botulism.19

Passively acquired autoimmune myasthenia gravis occurs in approximately 20% of 
infants born to mothers who have myasthenia gravis. All newborns of seropositive mothers 
have acetylcholine receptor antibodies, but only a small portion are symptomatic, most 
mildly, but some more severely, with hypotonia, a weak cry, swallowing and sucking dif-
fi culty, facial diapiresis, respiratory distress, external ophthalmoparesis, and ptosis. Th e 
diagnosis can be made quickly when, after administering intravenous edrophonium, 
the abnormal fi ndings subside. When the newborns are symptomatic, pyridostigmine can 
be given orally until symptoms are no longer present. Th e dose is then tapered, usually 
over a period of 1 to 2 weeks. Th ese infants do not have clinical features of myasthenia 
gravis after the initial involvement. If weakness does not occur by 1 week of age, then it is 
highly unlikely to develop.

Major features of acquired autoimmune myasthenia include fatigability and fl uctuating 
weakness of extraocular, facial, and lingual muscles, and, in some instances, mild or severe 
generalized weakness and hypotonicity of the limbs. An acute fulminating onset may be 
encountered in young children. Th e diagnosis can be made by using the edrophonium 
test and confi rmed with the acetylcholine receptor antibody test, although the latter is not 
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necessarily positive in milder cases and is less useful in children than in older individuals. 
Electrodiagnostic studies can be used in selected instances in children but are generally less 
useful than in adults. Th e mediastinum should be radiographed to assess thymic size, and 
thyroid function studies should be obtained to exclude associated hypo- or hyperthyroidism. 
Treatment includes judicious use of anticholinesterase drugs and, when needed, immunosup-
pressive treatment, intravenous gamma globulin, corticosteroids, and thymectomy.

Nonautoimmune myasthenic syndromes9 may be associated with ocular, bulbar, or respi-
ratory involvement and, in some instances, with progressive weakness and hypotonicity. 
Some disorders may be genetic; patients are seronegative. Specialized electrodiagnostic and 
ultrastructural studies are required to establish an exact diagnosis, which is important in 
selecting appropriate therapy. For the moment, genetic studies for diagnosis are available 
only within a research setting. Some patients respond to anticholinesterase inhibitors or 
corticosteroids; others require diaminopyridine or other specifi c medications.

Infantile botulism19 is characterized by onset at an average age of slightly more than 
3 months that produces weakness and hypotonia, poor feeding, constipation, and diminished 
activity. Th e onset may be rapid, developing over 2 to 3 days. Th e diagnosis is confi rmed 
when the toxin is documented in the stool or when the organism is isolated from culture, but 
repetitive stimulation studies can by extremely useful in establishing the diagnosis quickly. 
Treatment is supportive; specifi c immune globulin may prove to be therapeutic.

Myopathies
Myopathies constitute a diverse group of genetic, infl ammatory, and metabolic disorders 
that involve muscle and, in many cases, other organ systems, including the brain and heart. 
Infl ammatory myopathies (dermatomyositis) are seen only rarely in very young children 
and generally produce subacute weakness, not hypotonia. Patients with Duchenne muscular 
dystrophy (among the most common muscular disorders) do not have hypotonia in infancy. 
In the infantile form of myotonic dystrophy–type 115 hypotonia can be severe at birth. 
Obtundation, diffi  culty with sucking and swallowing, weakness of facial muscles, clubfeet, 
and arefl exia may be present. Myotonia will not be present either clinically or electrically until 
patients are older than 5 years. A neonate who survives will gain strength and tone and will 
eventually walk. Until strength and tone improve, assisted ventilation and gastrostomy tube 
feedings are often needed. Myotonic dystrophy–type 1 is an autosomal-dominant disorder; 
however, when it occurs in the neonatal period, it is virtually always the mother who trans-
mitted the gene. She should be examined for the characteristic features of the disease, which 
include refl ex and percussion myotonia, weakness of the neck fl exor muscles, smallness of the 
sternocleidomastoid muscles, weakness of the wrist extensors and anterior tibialis muscles 
and facial muscles, and, often, intellectual disability. For children who fi rst exhibit myotonic 
dystrophy beyond infancy, either parent may have transmitted the gene, which is located on 
19q13. DNA studies can be done to document the diagnosis and predict the prognosis. Th is 
condition is an expanded trinucleotide repeat disorder, with correlation between the severity 
and the number of repeats. Family members should be provided with genetic counseling, 
given that prenatal diagnosis is available. Treatment is supportive.

Several congenital myopathies have been identifi ed4 and are generally diagnosed on muscle 
biopsy by their characteristic morphologic mechanism. Th ese myopathies, typifi ed by nema-
line myopathy, are often hereditary and are associated with varying degrees of hypotonia 



Hypotonia 557

and weakness and sometimes with respiratory and sucking problems early in life. Some 
have rather characteristic clinical features. For example, in X-linked myotubular myopathy 
of very early onset,7 the extraocular and facial muscles are weak, in addition to generalized 
hypotonia and weakness. Central core disease is associated with congenital hip dislocation 
and a propensity for malignant hyperpyrexia. In some congenital myopathies, the gene loca-
tion has been identifi ed, but DNA testing is not yet available for establishing the diagnosis.

Th e congenital muscular dystrophies comprise a diverse group of diseases in which 
varying degrees of weakness and hypotonia are present early in life. Muscle biopsy shows 
characteristic, but not specifi c, pathologic fi ndings, and more refi ned studies are required. 
Th e serum muscle enzymes (creatine kinase) are generally elevated, and, in some forms 
of this disorder, merosin is absent on the biopsy specimen.20 Th e merosin-defi cient type of 
congenital muscular dystrophy is often associated with intellectual disability, seizures, and 
white matter brain abnormalities. In Japan, Fukuyama-type congenital muscular dystrophy21 
is common and is also associated with severe CNS abnormalities.

Facioscapulohumeral muscular dystrophy10 usually occurs in older children but, at times, 
will produce severe facial weakness in early childhood. Although sometimes sporadic, most 
cases are autosomal-dominant and parents of aff ected children should be examined for 
involvement that may be very mild and go unnoticed, such as facial muscular weakness, 
scapular winging, and a round-shouldered stance. Th is disease is genetically linked to high-
frequency hearing defi cits. Treatment is symptomatic, and it is appropriate to off er genetic 
counseling. DNA studies are available to document the diagnosis when this disorder is 
thought to exist, making electrodiagnostic testing and muscle biopsy unnecessary.

Glycogen storage disease caused by defi cient acid maltase,22 in addition to its neuro-
muscular manifestations (hypotonia and weakness), is associated with a markedly enlarged 
heart and congestive heart failure. Th e diagnosis can be made readily by specifi c blood tests. 
Enzyme replacement therapy has recently become available; without this treatment, the 
prognosis is dismal. Th is condition is an autosomal-recessive disorder with the responsible 
gene located at 17q23.

An increasing number of mitochondrial encephalomyopathies15 are being reported that 
have varying CNS and muscle involvement. Lactic acidemia is common, but specialized 
genetic and other studies on muscle mitochondria are needed to provide a specifi c diagnosis 
if DNA studies are unrevealing. Treatment addresses symptoms.

Congenital hypotonia with favorable outcome23 or benign congenital hypotonia is a ret-
rospective diagnosis used to denote infants who have hypotonia of early onset with a benign 
course. Th is relatively unclear disorder is often associated with joint hyperlaxity, sometimes 
also noted in parents or other relatives. In many instances, by 5 years of age, the children 
are indistinguishable from other children their age. 

When to Refer

• Persistent lack of normal motor development
• Regression of motor development
• Sudden or precipitous worsening of tone or strength
• Swallowing dysfunction
• New onset of neurologic signs
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TOOLS FOR PRACTICE

Medical Decision Support
• Online Mendelian Inheritance in Man (online database), Johns Hopkins University

(omim.org)
• Gene Tests (Web site), (www.genetests.org)
• Core Signs of Weakness (videos), National Task Force for Early Identifi cation of Child-

hood Neuromuscular Disorders (www.childmuscleweakness.org/index.php/videos)
• Motor Delays: Early Identifi cation and Referral (article), Pediatrics, Vol 131, Issue 6, 2013

(pediatrics.aappublications.org/content/131/6/e2016.full)
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Chapter 45

Inattention and Impulsivity
Lawrence S. Wissow, MD, MPH

 INTRODUCTION
Symptoms of inattention and impulsivity aff ect many children, including a large num-
ber whose symptoms do not rise to the level of a disorder. Attention-defi cit/hyperactivity 
disorder (ADHD) occurs in about 8% of children and youth,1 who experience signifi cant 
impairment in their functioning as a result of their symptoms. As part of their condi-
tion, individuals with ADHD often have defi cits in social skills, impairing their abilities to 
function well in school and social settings.2 ADHD is frequently comorbid with learning 
diffi  culties, and the 2 conditions can mimic each other in school or during cognitive tasks 
outside of school (including time devoted to doing homework). Th us, ADHD can result in 
signifi cant adverse consequences. Follow-up studies have found that children with ADHD, 
particularly those untreated, are at greater risk for school failure, underemployment, diffi  culty 
with legal authorities, substance abuse, and morbidity from risky behaviors including motor 
vehicle crashes and sexually transmitted infections.3

Th e guidance in this chapter applies to the care of children presenting with undiff erentiated 
symptoms of inattention and impulsivity in pediatric clinical settings.

Th is chapter is based on the work of the World Health Organization, whose recom-
mendations may be updated annually. Th e most up-to-date information can be found at 
www.who.int.

 FINDINGS SUGGESTING INATTENTION AND IMPULSIVITY
Inattention and impulsivity occur commonly during childhood. When these symptoms 
occur more persistently and to a greater degree than is seen in a child’s peers, there 
may be cause for concern. Often, the child’s teacher is the fi rst to observe the symptoms 
or to encourage medical attention for them. A summary of the symptoms and 
clinical fi ndings that suggest inattention and impulsivity can be found in Box 45-1. 
Th ese symptoms may be elicited from parents, teachers, or youth. Because observers 
often disagree about behavioral and emotional symptoms, collecting information 
from all 3 sources can be helpful, and the process of reconciling diff erences can itself 
be therapeutic.

http://www.who.int
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 TOOLS TO ASSIST WITH IDENTIFICATION
Since many children do not spontaneously disclose their symptoms, standardized 
wide-range psychosocial screening instruments may be used to identify children with 
emotional and behavioral difficulties that may include symptoms of inattention and 
impulsivity. Diagnostic criteria for ADHD require presence of symptoms in more 
than 1 setting; therefore, collateral reports from the school or child care center, as 
well as the parent(s), are critical elements in the identification process. Several instru-
ments have versions to collect information from the youth, parents, and teachers. 
Table 45-1 provides an overview of general psychosocial screening tools available 
in the public domain, along with results raising concerns in the areas of inatten-
tion and impulsivity. Use of additional instruments, such as the Vanderbilt ADHD 
Rating Scales, can then help to confirm findings of the initial screening, corroborate 
a concern raised by a teacher or parent, and serve as a benchmark to track treatment 
progress. Use of a functional assessment tool such as the Impact Supplement of the 
Strengths and Difficulties Questionnaire (SDQ) or the Columbia Impairment Scale 
(CIS) will assist in determining whether the child is significantly impaired by the 
symptoms. Use of a tool to assess the effect of the child’s problem on other members 
of the family may also be helpful; the Caregiver Strain Questionnaire (CGSQ) is an 
example of such a tool.

 ASSESSMENT
Assessment begins by diff erentiating the child’s symptoms from normal behavior. All children 
may be inattentive or impulsive at times, but, for some children, inattention and impulsiv-
ity limit their adaptability to normal peer and family situations and interfere with learning. 
Inattention and impulsivity are typical characteristics of preschool children, but extremes of 
these behaviors warrant further evaluation (eg, concern that the behavior is harming family 
or peer relationships, interfering with learning, or putting the child at risk for expulsion 
from child care or school because of behavior). Boisterousness or dreaminess can be normal 
behavior patterns in older children. Children with limited social experiences and those whose 
environment is relatively less structured may seem impulsive and inattentive compared to 
their peers, especially when entering highly structured situations such as a classroom or 
organized group activities.

BOX 45-1

Indications in History From Youth or Parent
• Excitability, impatience, angry outbursts 

(more than is seen in peers)
• Wandering attention (greater than is seen in 

peers)
• Diffi  culties with behavior at home and in 

the classroom

• Academic diffi  culties
• Parents and teachers presuming diagnosis 

of ADHD or seeking diagnosis of ADHD 
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Table 45-2 provides a summary of conditions, such as hearing or vision problems, 
receptive and expressive language problems, learning disorders, and sleep deprivation, 
which may mimic or co-occur with inattention and impulsivity problems.

 PLAN OF CARE FOR CHILDREN WITH INATTENTION AND 
IMPULSIVITY

Th e care of a child experiencing symptoms of inattention and impulsivity can begin in the 
primary care setting from the time symptoms are recognized, even if the child’s symptoms 
do not rise to the level of a disorder or referral to a mental health specialist is ultimately 
part of the care plan.

Engage Child and Family in Care
Without engagement, most families will not seek or persist in care. Th e process may require 
multiple primary care visits.4

Reinforce strengths of the child and family (eg, good relationships with at least 1 parent 
or important adult, prosocial peers, concerned or caring family, help-seeking, connection to 
positive organizations) as a method of engagement, and identify any barriers to addressing 
the problem (eg, stigma, family confl ict, resistance to treatment). Use “common factors” 
techniques5 to build trust and optimism, reach agreement on incremental next steps, develop 
a plan of care, and collaboratively determine the role of the primary care physician. A key 
step is to reach agreement that there is a reason to consider intervention, and, ideally, that 
there are concrete problems that the family would like to see addressed. Regardless of other 

Table 45-1
General Psychosocial Screening/Results Suggesting 

Inattention and Impulsivity

SCREENING INSTRUMENT  SCORE

Pediatric Symptom Check-
list (PSC)-35

• Total score �24 for children 5 years and younger.
• �28 for those 6–16 years.
• �30 for those 17 years and older.
AND
• Further discussion of items related to attention and impulse control 

confi rms a concern in that area.

PSC-17 • Attention subscale is �7.
AND
• Further discussion of items related to attention and impulse control 

confi rms a concern in that area.

Strengths and 
Diffi culties 
Questionnaire (SDQ)

• Total symptom score of >19.
• Hyperactivity scale score of 7–10 (see instructions at www.sdqinfo.

com).
• Impact scale (back of form) score of 1 (medium impairment) or ≥2 

(high impairment).
AND
• Further discussion of items related to attention and impulse control 

confi rms a concern in that area.

http://www.sdqinfo
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Table 45-2
Conditions That May Mimic or Co-occur With 

Inattention and Impulsivity

CONDITION RATIONALE

Hearing or 
vision problems

All children who seem inattentive should be screened for sensory defi cits.

Sleep 
deprivation

Sleep problems can cause inattention and irritability. Attention-defi cit/hyperactivity 
disorder (ADHD) may contribute to diffi culty sleeping.

ADHD Diagnosis requires that a child have a persistent pattern of inattention and/or 
hyperactivity-impulsivity that interferes with functioning or development. These 
patterns are characterized as 6 or more symptoms of inattention (eg, careless 
with detail; fails to sustain attention; seems not to listen; does not fi nish instructed 
tasks; poor self-organization; avoids tasks requiring sustained mental effort; loses 
things; easily distracted; and seems forgetful) or hyperactivity [eg, fi dgets; leaves 
seat when should be seated; runs or climbs excessively and inappropriately; noisy 
in play; persistent motor activity unmodifi ed by social context (but this is seen less 
in teens); talks excessively; blurts out answers before question completed; fails 
to wait turn; and interrupts others’ conversation or games] for at least 6 months. 
Further features necessary to make this diagnosis include the following:
• These symptoms were present prior to age 12 years.
• These symptoms are present in at least 2 types of settings (eg, home and school).
• The symptoms cause signifi cant distress or impaired functioning.
• The symptoms are not better explained by another psychiatric disorder. 

Learning 
problems or 
disabilities

If symptoms of inattention and impulsivity are associated with problems of school 
performance, the child may be experiencing learning diffi culties. See Chapter 49, 
Learning Diffi culty, to explore this possibility.

Developmental 
problems

Children with overall intellectual or social limitations may seem less able to control 
their impulses and to focus and maintain their attention than their age-mates.

Language 
impairment or 
disorder

Children with receptive or expressive language impairment may be frustrated and 
inattentive at least in part because of diffi culty understanding what others say or 
being able to express themselves. Similar problems can arise when children are 
learning a new language and cannot yet fully function at the level of their peers or 
teachers.

Depression May co-occur with ADHD. Marked sleep disturbance, disturbed appetite, low mood, 
or tearfulness could indicate that a child is depressed as well as having attention 
diffi culties. See Chapter 14, Depression.

Exposure to 
adverse child-
hood experi-
ences (ACE)

Children who have experienced or witnessed trauma; violence; a natural disas-
ter; separation from a parent; parental divorce or separation; parental substance 
use; neglect; or physical, emotional, or sexual abuse are at high risk of develop-
ing symptoms suggesting inattention and impulsivity. These symptoms may 
mask or be expressions of emotional diffi culties such as adjustment disorder or 
posttraumatic stress disorder (PTSD). Some symptoms of PTSD may resemble 
symptoms of ADHD (eg, hypervigilance may mimic hyperactivity, or dissociation 
may mimic inattention). These children may also manifest other forms of 
anxiety. Inquiring about previous trauma in a confi dential setting is important. 
See Chapter 6, Anxiety.

Anxiety Anxious children may experience diffi culty concentrating. See Chapter 6, Anxiety.
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roles, the primary care physician can encourage a positive view of treatment on the part of 
the child and family.

Offer Psychoeducation About ADHD, the Differential Diagnosis, 
and the Process of Arriving at a Diagnosis
Parents have likely heard about ADHD from other sources; their knowledge and concerns 
about the conditions may vary widely. Th ey may have worries about being coerced into label-
ing their child with the condition by demands from the pediatrician or schools. Th e clini-
cian can ask about what they know and what questions they may have. She can explain the 
process of making a provisional diagnosis and investigating alternatives, including language 
and learning problems, anxiety, and normal variation in development and temperament. 
Perhaps most importantly, the clinician can assure parents that she will not be jumping to 
a diagnosis, but rather will work with them to collect relevant information, make a plan of 
treatment, and then reevaluate the situation as time goes on. At some point, parents will also 
want to know more about the natural history of the condition and the implications it may 
have for their child’s future. It is reasonable to say that these sorts of problems are common 
and highly amenable to treatment of various kinds, and, while sometimes persistent, tend 
to be more easily managed as the child gets older.

Bereavement Most children will experience the death of a family member or friend sometime 
in their childhood. Other losses may also trigger grief responses—separation or 
divorce of parents, relocation, change of school, deployment of a parent in military 
service, breakup with a girlfriend or boyfriend, or remarriage of parent. Such losses 
are traumatic. They may result in such symptoms as sadness, anxiety, diffi culty 
concentrating, poor impulse control, or academic decline immediately following 
the loss and, in some instances, more persistently. See also Chapter 14, Depression 
and the discussion of PTSD in Chapter 6, Anxiety.

Physical 
illness

Medical issues that can mimic or provoke symptoms of inattention and impulsivity 
include thyroid disease, hypoglycemia, hyperglycemia, side effects of medications 
(eg, bronchodilators), and endocrine tumors (eg, rarely pheochromocytoma).

Substance use Children with symptoms of inattention and impulsivity may self-medicate with 
alcohol, nicotine, or other drugs. Conversely, children using substances may mani-
fest inattention, impulsivity, and deteriorating school performance.

Conduct or 
oppositional 
disorders

See Chapter 16, Disruptive Behavior and Aggression, to differentiate these symp-
toms from problems of inattention and impulsivity and ADHD.

Tourette syn-
drome

Children with repetitive movements (tics) should be identifi ed. In children with 
Tourette syndrome, ADHD symptoms may precede onset of tics. Stimulant medica-
tion may worsen tics. It is important to tailor treatment to the child’s most press-
ing symptoms before deciding the risks and benefi ts of using stimulants in children 
with both problems.

Derived from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 
5th ed. Arlington, VA: American Psychiatric Association; 2013

Table 45-2
Conditions That May Mimic or Co-occur With 

Inattention and Impulsivity—cont’d

CONDITION RATIONALE
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Encourage Healthy Habits
Regular exercise and outdoor play are benefi cial to all children and may be particularly 
helpful to inattentive and impulsive children. Th ese children may also benefi t from par-
ticipation in structured sports activities, which off er exercise as well as the opportunity to 
build social skills such as taking turns, following rules, and handling success and disap-
pointment. Also important are regular sleep habits, special time with parents, praise for 
good behavior, and reinforcement of the child’s strengths. Limiting media exposure may be 
particularly important for these children. Television programs, movies, and computer games 
can be overstimulating; long hours in these activities can produce irritability. Unrestricted 
access to a television or computer, especially in the child’s bedroom, can contribute to loss 
of sleep, failure to do homework, and the risk of seeing programming that contributes to 
increased activity.

Reduce Stress
Consider the child’s social environment (eg, family social history, parental depression screen-
ing, results of any family assessment tools administered, reports from child care or school). 
Symptoms of inattention and hyperactivity will generally worsen in stressful settings. Th e 
physician can guide parents in providing a safe, structured environment and coach parents 
in working constructively with the child’s school. Th e physician can also address stresses 
on family members—if they have problems with mood or irritability, they will have more 
diffi  culty adapting to and moderating the child’s behavior.

Offer Initial Intervention(s)
Th e strategies described in the following text are common elements of evidence-based and 
evidence-informed psychosocial interventions for management of children’s behavior. Th ey 
are applicable to the care of children with mild or emerging symptoms of inattention and 
impulsivity and to those with impairing symptoms that do not rise to the level of a disorder. 
Th ey can also be used along with other specifi c interventions for ADHD.

Guide parents in managing the child’s behavior. Good practices include the following:
• Tangible rewards: Rewards or privileges contingent on performance of routine tasks (eg, 

TV or computer time contingent on attaining a realistic goal). Th ese rewards are most ef-
fective when coupled with a system for helping the child be aware of his or her own level 
of functioning, including charts that monitor events such as completion of homework 
without a reminder, staying “on-task” in school for a prearranged time before taking a 
break, carrying out chores at home before being asked.

• Parent praise: Conscious eff ort by parent to identify and comment on positive aspects of 
child’s behavior (eg, compliment child, especially when desired action is spontaneous).

• Parent monitoring: Use of some systematic means to rate the child’s burden of specifi c
ADHD symptoms and overall social, emotional, and academic function (eg, weekly use 
of Vanderbilt scales or a customized checklist, often with simultaneous teacher ratings). 
Monitoring helps the parent advocate for the child and can help take pressure off  the 
child by giving short-term, objective measures of progress.

• Time-out: Avoiding reinforcement of undesired behavior through arguing or allowing
the behavior to continue (eg, child is required to sit without attention or activity for a 
brief period as a consequence for an undesired behavior).
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• Commands/limit setting: Use of clear, simple commands that ideally give the child a 
warning of impending expected behavior, an opportunity to perform it, a warning of 
consequences for nonperformance, and a consistent consequence (eg, “You can do 1 
more puzzle and then we have to go…now it’s time to go…if you don’t put the puzzle 
away now, you can’t chose the music we listen to in the car.”).
If there are battles over homework, off er guidelines. Box 45-2 provides suggestions for parents 

to consider in addressing homework issues.
If child meets diagnostic criteria for ADHD, consider specifi c therapy. Th e course of treatment 

depends on the child’s age and should be noted in the overall care plan.
For preschool-aged children (4–5 years of age), evidence-based, parent- or teacher-

administered behavior therapy is considered the fi rst line of treatment. Use of medications 
may be considered—ideally with specialist consultation—if behavioral treatment does not 
provide suffi  cient improvement or if evidence-based treatment is not available.

For elementary school–aged children (6–11 years of age), US Food and Drug Administration–
approved medications for ADHD and/or evidence-based parent- and/or teacher-administered 
behavior therapy is considered fi rst-line treatment for ADHD, preferably both. Th e evidence 
is particularly strong for stimulant medications and suffi  cient but less strong for atomoxetine, 
extended-release guanfacine, and extended-release clonidine (in that order).

For adolescents (12–18 years of age), Food and Drug Administration–approved medica-
tions for ADHD with the assent of the adolescent along with behavior therapy are considered 
treatment for ADHD.6

Provide Resources
Families may fi nd support and resources from organizations such as Children and Adults 
With Attention-Defi cit/Hyperactivity Disorder (www.chadd.org). Helpful publications are 

Box 45-2

Strategies for Working Constructively With a Child’s 
School 
• Obtain consent for the clinician to ex-

change information with the child’s teacher.
• Establish constructive 3-way (parent, 

teacher, pediatrician) communication with 
the school.

• Ask if testing has been requested and taken 
place to detect special educational needs.

• Monitor academic progress, helping to 
reinforce successes and identify particular 
subjects or educational settings where more 
support is needed.

• Advocate for appropriate classroom 
strategies.
 Have the child sit at the front of the 
class.

 If possible, engage the child in active 
learning, (eg, have the child go to 
the blackboard to write answers to 
questions).
 Give extra time to stay organized 
(eg, write down assignments, make sure 
that all needed materials are taken home 
or gathered for a project, have the child 
repeat back what he or she is to do).
 Break longer assignments into shorter 
pieces (also helpful for homework).
 Coordinate reports of behavior with 
home—consider a daily report card 
of behavior and subsequent rewards or 
consequences. 

http://www.chadd.org
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included in Tools for Practice: Engaging Patient and Family at the end of this chapter. Provide 
the family with contact numbers and resources in case of emergency.

Monitor the Child’s Progress Toward Therapeutic Goals
Child care, preschool, or school reports can be helpful in monitoring progress. Th e 
Vanderbilt scales (parent and teacher), SDQ (parent, teacher), and Pediatric Symptom 
Checklist (PSC) can be helpful in monitoring progress with symptoms and functioning. 
Both medications and behavioral treatments need careful titration to achieve their desired 
eff ects without the development of side eff ects. Th e need for higher-than-recommended 
doses of medication could be a sign of diffi  culties with adherence or a need to switch to a 
diff erent medication. Behavioral treatments can be diffi  cult to implement and maintain. 
Physicians can work with families to adapt behavioral suggestions to family circumstances 
and to explore barriers to other aspects of treatment, including eff ective engagement 
with schools.

It is important for the clinician to help the family understand that it is not uncom-
mon for treatment to be successful for a period and then seem to lose eff ectiveness. Th is 
can happen when there are new stresses or demands, or when, after a period of success, 
there has been a letup on treatment. If modifying existing treatment and exploring ways 
of dealing with new stresses do not help get function back to baseline, then new treat-
ments, or new diagnoses, need to be considered. In particular, as school demands increase, 
learning issues may need to be considered even if they were not seen as contributing 
problems in the past.

Involve Specialist(s)
Involve specialist(s) if the child does not respond to initial interventions or if the following clinical 
circumstances exist:
• Child has severe functional impairment.
• Child has severely disruptive behavior or aggression.
• Child has comorbid depression or posttraumatic stress disorder, or if problems with 

mood, behavior, and development seem more prominent than diffi  culties with attention 
or impulsivity.

• Symptoms are threatening school performance or the achievement of other developmen-
tally important goals (eg, developing and sustaining friendships).

• Th e child or parent is very distressed by the symptom(s).
• Th ere are co-occurring behavior problems. (Th e combination of shyness, anxiety, and 

behavior problems is thought to be particularly risky for future behavior problems of a 
more serious nature.)

• Th e child’s symptoms were preceded by serious trauma.
• Th e child has ADHD and contraindications to stimulants or marked side eff ects with 

stimulants.
• Th e child’s problems are occurring in the context of other family emotional or behavioral 

problems that have not been alleviated with primary care interventions.
When specialty care is needed, ensure that it is evidence-informed and assist the family in 

accessing it. Pharmacologic interventions and a number of evidence-based and evidence-
informed psychosocial interventions are available for the treatment of ADHD in children 
and adolescents. Ideally, those referred for care in the mental health specialty system would 
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have access to the safest and most eff ective treatments. Box 45-3 provides a summary of these 
interventions. Youth referred for mental health specialty care complete the referral process 
only 61% of the time, and a signifi cantly smaller number persist in care.7

Note that not all evidence-based interventions may be available in every community. If 
a particular intervention is not available, this becomes an opportunity to collaborate with 
others in the community to advocate on behalf of children. Increasingly, states off er both 
telepsychiatry services and consultation/referral support “warmlines” that help physicians 
provide initial treatment and locate resources. Th e availability of the latter form of help is 
tracked at the National Network of Child Psychiatry Access Programs (www.nncpap.org).

Reach agreement on respective roles in the child’s care. If the child is referred to mental health 
specialty care, the physician may be responsible for initiating medication or adjusting doses; 
monitoring response to treatment; monitoring adverse eff ects; engaging and encouraging the 
child’s and family’s positive view of treatment; and coordinating care provided by parents, 

Box 45-3

American Academy of Pediatrics Recommendations for 
Treatment of Attention-defi cit/Hyperactivity Disorder
• Recommendations for treatment of children 

and youth with ADHD vary depending on 
the patient’s age. 
 For preschool-aged children (4–5 years of 
age), the primary care clinician should 
prescribe evidence-based parent- and/or 
teacher-administered behavior therapy as 
the fi rst line of treatment (quality of 
evidence A/strong recommendation) and 
may prescribe methylphenidate if the 
behavior interventions do not provide 
signifi cant improvement and there is 
moderate-to-severe continuing distur-
bance in the child’s function. In areas in 
which evidence-based behavioral treat-
ments are not available, the clinician 
needs to weigh the risks of starting medi-
cation at an early age against the harm of 
delaying diagnosis and treatment (quality 
of evidence B/recommendation).
 For elementary school-aged children 
(6–11 years of age), the primary care cli-
nician should prescribe FDA-approved 
medications for ADHD (quality of 
evidence A/strong recommendation) 

and/or evidence-based parent- and/or 
teacher-administered behavior therapy 
as treatment for ADHD, preferably 
both (quality of evidence B/strong rec-
ommendation). Th e evidence is partic-
ularly strong for stimulant medications 
and suffi  cient but less strong for atom-
oxetine, extended-release guanfacine, 
and extended-release clonidine (in that 
order) (quality of evidence A/strong 
recommendation). Th e school environ-
ment, program, or placement is a part 
of any treatment plan. 
 For adolescents (12–18 years of age), the 
primary care clinician should prescribe 
FDA-approved medications for ADHD 
with the assent of the adolescent (quality 
of evidence A/strong recommendation) 
and may prescribe behavior therapy as 
treatment for ADHD (quality of evidence 
C/recommendation), preferably both. 

• Primary care clinicians should titrate doses of 
medication for ADHD to achieve maximum 
benefi t with minimum adverse eff ects (qual-
ity of evidence B/strong recommendation).

For more information, see American Academy of Pediatrics Subcommittee on Attention-Defi cit/Hyperactivity Disorder, 
Steering Committee on Quality Improvement. ADHD: clinical practice guideline for the diagnosis, evaluation, and 
treatment of attention-defi cit/hyperactivity disorder in children and adolescents. Pediatrics. 2011;128(5):1007–1022 
(pediatrics.aappublications.org/content/128/5/1007.full).
Adapted from Caring for Children With ADHD: A Resource Toolkit for Clinicians. Copyright 2011 American Academy of 
Pediatrics.

http://www.nncpap.org
pediatrics.aappublications.org/content/128/5/1007.full
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school, medical home, and specialists. In fact, the child may improve just knowing that the 
clinician is involved and interested. Resources available to help clinicians in these roles are 
provided in Tools for Practice: Medical Decision Support.
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 Chapter 46

Irritability and Fussiness
Diana King, MD; Waseem Hafeez, MBBS

Irritability, “a condition in which a person, organ, or a part responds excessively to 
a stimulus,”1 is a common complaint in children, especially in neonates and infants. 
Although experienced physicians can recognize irritability in a child, a concise defi nition 
is diffi  cult because some subjectivity exists in the use of the term. Although it is not a 
quantifi able symptom, irritability includes episodes of crying or fussiness despite attempts 
at comforting the infant. While it is not a symptom of any specifi c illness, most parents 
recognize that something might be wrong with the child even though other symptoms 
may not yet exist.

Irritability results from lack of vital nutrients (eg, oxygen, glucose), the presence of 
noxious stimuli (eg, pain, toxins), or an emotional state (eg, anger, frustration). It may have 
diff erent causes and manifestations in infants, children, and adolescents. Whereas older 
children and adolescents may off er explanations that help clarify their complaint, an infant 
or preverbal child is unable to provide such information. Acute irritability may be associ-
ated with life-threatening illnesses requiring urgent intervention and stabilization before a 
search for the cause begins. A parent who seeks care for an infant who is fussier than usual 
may arrive with the child in shock, in respiratory distress, or having a seizure. An organized 
approach to the diff erential diagnosis minimizes unnecessary testing. If the child does not 
have an immediately life-threatening condition, then a complete history and thorough 
physical examination are the fi rst steps in the evaluation of irritability and, in many cases, 
will reveal the cause of the symptom. Many common infectious, traumatic, toxic, allergic, 
and infl ammatory conditions can be diagnosed by history and physical examination alone. 
Laboratory or radiologic procedures may confi rm a clinical suspicion. An algorithm to dif-
ferentiate some life-threatening conditions from less serious causes of irritability is presented 
in Figure 46-1.

 ACUTE IRRITABILITY IN THE ILL-APPEARING CHILD
Central Nervous System
Children younger than 2 years have a high risk for signifi cant brain injury after both acci-
dental and nonaccidental traumatic brain injury (TBI). In data collected between 2002 and 
2006, the National Center for Injury Prevention and Control found that children aged 0 to 
4 years had the highest rate of TBI-related emergency department visits (1,256 per 100,000 
population), with falls, motor vehicle crash, and infl icted trauma as the leading causes.2 Th e 
incidence of intracranial injury was 13% in infants 0 to 2 months of age, 6% in infants 
3 to 11 months of age, and 2% in infants 12 months or older. Th e American Academy of 
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Figure 46-1
Algorithm for evaluation of the irritable infant.

Irritability

Acute Chronic

Ill Appearing
(Potentially
Life Threatening)

Center nervous system
 Closed head injury
 Tumor
 Shunt malfunction
 Migraine headache
 Seizure
 Botulism

Infectious
 Sepsis/meningitis
 Osteomyelitis
 Septic arthritis
 Kawasaki disease
 Pyelonephritis
 Pneumonia or bronchiolitis

Trauma
 Shaken baby
 Blunt trauma
 Occult fracture

Acute abdomen
 Intussusception
 Volvulus
 Acute appendicitis
 Hypertrophic pyloric 
  stenosis
 Necrotizing enterocolitis
 Incarcerated hernia
 Scrotal pain

Cardiac
 Myocarditis
 Congenital heart disease
 Arrythmia—
  supraventricular
  tachycardia

Hypoxia/ischemia
 Methemoglobinemia
 Carbon monoxide
 Vaso-occlusive crisis—
  dactylitis

Metabolic
 Electrolyte disturbance
 Inborn errors of 
  metabolism

Toxins
 Drug toxicity
 Envenomations

Well Appearing

Teething or toothache

Otitis media

Gastroesophageal reflux
  disorder

Foreign body
 Ear
 Nose
 Eye 
Corneal abrasion
Hair tourniquet
Diaper dermatitis
 Candida
 Vaginitis
 Balanitis

Vaccine reaction
 Diphtheria, pertussis,
  tetanus
 Vaginitis
 Site infection or pain

Recurrent

Colic

Constipation or anal
  fissure

Food intolerance

Sleep disorders
 Night terror
 Nightmare

Neurologic
 Postconcussion migraine
 Postconcussion seizure

Persistent

Psychosocial
 Attention deficit
  hyperactivity disorder
 Autism
 Chronic illness
 Drug abuse
 Posttraumatic stress
  disorder

Abuse or neglect
Cognitive impairment

Pediatrics has recommended guidelines for evaluation and management of head injury in 
this age group.3 A history of a fall from the bed, infant-walker, stairs, or bicycle can often 
be obtained. To determine the need for computed tomography scan in clinically important 
TBI, prediction rules have been identifi ed which include in children younger than 2 years 
abnormal mental status, loss of consciousness, scalp hematoma except frontal, palpable skull 
fracture, severe mechanism of injury, and not acting normally according to the parents. In 
addition to these fi ndings, the prediction rule for children aged 2 years and older also includes 
vomiting, severe headache, and signs of basilar skull fracture.4
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A special concern is for children who sustain concussions from sports-related injuries. 
Th e American Academy of Neurology defi nes concussion as “a trauma-induced alteration in 
mental status that may or may not involve loss of consciousness.” Th e term post-concussive 
syndrome refers to the constellation of acute symptoms, which can be somatic (headache, 
dizziness, blurriness), emotional (irritability, anxiety), and cognitive (concentration and 
memory diffi  culties). Th e term second impact syndrome has been proposed for an athlete 
who has sustained a concussion, sustains a second head injury before symptoms associated 
with the fi rst have fully cleared, and is at risk for a catastrophic outcome such as permanent 
disability or death.5 To manage these injuries, a concussion grading scale has been developed 
with return-to-play guidelines that include physical and cognitive rest and rehabilitation.6

Increased intracranial pressure (ICP) from a brain tumor may produce acute irritability 
and altered behavior without the usual preceding symptoms such as headache or loss of coor-
dination and ataxia. Primary brain tumors in the posterior fossa are the most common solid 
malignancies in infants and children younger than 7 years. In young children, the diagnosis 
of a brain tumor may be delayed because their symptoms are subtle (headache, irritability, 
or drowsiness) or similar to those of more common illnesses, such as gastrointestinal disor-
ders (vomiting). Hydrocephalus, another cause of raised ICP, often occurs in infancy with 
irritability, vomiting, a tense or bulging fontanel, and an increasing head circumference that 
crosses percentile lines. Older children usually complain of headaches. Neuroimaging shows 
congenital malformation (myelomeningocele, Chiari syndrome, Dandy Walker malforma-
tion, aqueductal stenosis, arteriovenous malformation) or germinal matrix intraventricular 
hemorrhage of prematurity. Hydrocephalus is treated by the introduction of ventriculoperi-
toneal shunts to reduce the ICP. Th e ventriculoperitoneal shunt may become obstructed or 
infected, or it may malfunction, causing overdrainage or underdrainage, initially causing 
irritability, headache, vomiting, or lethargy.

Undiagnosed migraine headache may manifest itself in the preverbal child with 
irritability. Headaches attributable to migraine occur in 8% to 12% of children younger 
than 3 years.7 Th ere seems to be an association of infantile colic with excessive crying and 
irritability with later diagnosis of migraine.8 Children with seizures, especially unwit-
nessed, may seem irritable during an aura or the postictal phase. Neonatal seizures, more 
commonly seen in preterm infants than term infants, may have only subtle symptoms 
such as ocular or pedaling movements, lip smacking, or apnea. Nonconvulsive status 
epilepticus, which includes absence and partial complex seizures, is a relatively rare cause 
of abnormal behavior resulting from continuous or intermittent seizure activity in the 
absence of any motor component. Th e hallmark of nonconvulsive status epilepticus is 
a diagnostic electroencephalogram associated with irritability and a change in behavior 
or mental status.9

Infant botulism, most commonly foodborne, may initially cause diffi  culty in feeding, irri-
tability, lethargy, weak cry, and constipation. As the disease progresses, drooling, dysphagia, 
loss of head control, respiratory distress, and fl accid paralysis may occur from progressive 
bulbar involvement.

Infections
Th e primary care physician should suspect a bacterial infection in a child with fever and 
irritability. Infants with meningitis may have irritability, lethargy, and poor feeding. If the 
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fontanel is still open, then it may be bulging. Lumbar puncture is diagnostic, and treat-
ment with intravenous antibiotics should not be delayed. Th e introduction of vaccines 
against Haemophilus infl uenzae type B and Streptococcus pneumoniae has changed the 
epidemiology of bacterial meningitis in children. Infants younger than 3 months of age 
are most commonly infected with Group B streptococci and gram-negative bacilli.10 
Encephalitis from herpes simplex virus should also be considered.11 In children older 
than 3 months, the most common pathogens are Streptococcus pneumoniae and Neisseria 
meningitidis.12 

Irritability and decreased movement of a limb should raise concern for osteomyelitis. 
Swelling and erythema of the soft tissue overlying the bone may exist, often with a history 
of preceding trauma. Joint pain, fever, irritability, and a limp should raise concern for septic 
arthritis. Examination will reveal erythema, swelling, or warmth over the aff ected joint, 
with restricted movement. With septic arthritis of the hip, swelling and redness may not 
be visible, and the pain may be referred to the knee. Blood should be analyzed for culture, 
complete blood count, and C-reactive protein to help establish a diagnosis. An orthopedist 
should be consulted for possible surgical drainage.13

Irritability is one of the most common associated symptoms in children with Kawasaki 
disease. Th e principal clinical manifestations of this systemic vasculitis are fever, rash, con-
junctival injection, erythema of lips and mouth, cervical adenopathy, and changes in the 
extremities. Bacteremia and urinary tract infections can also produce irritability, along with 
fever in an ill-appearing infant.14

Trauma
A systematic search for injuries should be performed on any child with a history of trauma. 
Infl icted injuries are more diffi  cult to diagnose because the signs may be subtle and the 
history is often misleading. Abusive head trauma is the leading cause of traumatic death in 
children younger than 2 years. Th e rotational forces sustained during shaking cause move-
ment of the brain within the subdural space and tearing of the bridging veins, resulting in 
subdural hematoma. Th e shearing forces can also cause diff use axonal injury. Clinical signs 
of abusive head trauma may be poor feeding, vomiting, lethargy, or irritability. More severe 
central nervous system dysfunction can result in death.15

In infants and young children, the pressure of the lap belt of a restraint system in a 
motor vehicle crash or other blunt abdominal trauma can lead to intra-abdominal bleeding, 
initially displayed as irritability from tissue hypoperfusion and pain. Many traumatic causes 
of irritability that are not life threatening may be apparent on initial physical examination 
and include fractures and dislocations.

Acute Abdomen
Intussusception is seen most often between the ages of 3 months and 5 years, with a peak 
incidence at 6 to 11 months. Th e child seems colicky, cries, and may draw the knees toward 
the chest; this episode may last a few minutes and then subside. Th e child often looks better 
between episodes, but the irritability gradually increases and vomiting becomes more frequent 
and sometimes bilious. Mandeville et al16 found the classic triad of intermittent colicky 
abdominal pain, vomiting, and bloody stools was present in more than 65% of patients; 
and in patients younger than 12 months, irritability was an important clinical predictor. 
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Appendicitis is the most common condition requiring emergency surgery in children. 
Abdominal pain in a young child may fi rst manifest as irritability, before the appearance 
of nausea, vomiting, fever, and right lower quadrant tenderness. Perforation rates 
for appendicitis are higher in children than in adults (30%–65%), and, given that the 
omentum is less developed in children, perforations are less likely to be walled off  or 
localized.17

Hypertrophic pyloric stenosis may become symptomatic as early as the fi rst week of 
life and as late as the fi fth month. Symptoms begin with nonbilious vomiting after feeding, 
and as the disease progresses the vomiting becomes projectile. Th e baby may initially seem 
normal, but hunger makes the infant irritable, and signs of dehydration eventually become 
apparent. Th e fi nding of an olive shaped mass in the right upper quadrant of the abdomen 
is diagnostic, and confi rmed by ultrasound.

Malrotation with midgut volvulus peaks during the fi rst month of life but can occur any 
time in childhood. Th e neonate will be irritable initially; as the bowel becomes obstructed 
and necrotic, bilious vomiting and shock may result from perforation.

Necrotizing enterocolitis is typically seen in premature infants in their fi rst few weeks 
of life.18 It may rarely be seen in full term infants, within the fi rst 2 weeks after birth, par-
ticularly with a stressor such as infection or anoxic event. Infants are ill appearing, irritable, 
and lethargic, with distended abdomen and bloody stools. Abdominal plain-fi lm fi nding 
of pneumatosis intestinalis, caused by gas in the submucosal intestinal wall, is diagnostic of 
necrotizing enterocolitis with ultrasound becoming increasingly used to make the diagno-
sis while avoiding radiation. Because of a high mortality rate, management includes early 
surgical consultation and aggressive fl uid resuscitation, bowel rest, and broad-spectrum 
antibiotic coverage.

Sixty percent of incarcerated inguinal hernias occur during the fi rst year of life, especially 
in infants born preterm, with symptoms of irritability, vomiting, and pain in the groin 
and abdomen. A testicular examination is imperative in all male patients with irritability 
or abdominal pain. On examination a nonfl uctuant tender mass is present in the inguinal 
region and may extend down into the scrotum. With the onset of ischemia of the involved 
bowel the pain becomes more intense and localized to the scrotum, and the infant may have 
bilious vomiting with the presence of bloody stools. An attempt should be made to reduce 
the incarcerated hernia manually by gentle compression. Sedation or analgesia, elevation 
of the lower torso, and an ice pack may be helpful. If reduction is unsuccessful or the child 
shows signs of small bowel obstruction, then operative reduction of the incarcerated hernia 
should be performed. Irritability with scrotal pain may also result from epididymitis, torsion 
of the testis, or torsion of the appendix testis.

Cardiac System
Acute myocarditis can be a challenging diagnosis to make because the clinical presentation 
can vary. Th e diagnosis should be considered in an irritable child with resting tachycardia 
and respiratory symptoms. An electrocardiogram may reveal sinus tachycardia, ventricular 
hypertrophy, and ST and T wave changes. Low voltage QRS complexes, or an abnormal QRS 
axis, may be present. Chest radiograph may reveal cardiomegaly, pulmonary edema, or pleural 
eff usion. Elevated C-reactive protein, serum troponin, and aspartate aminotransferase levels 
will support the diagnosis, and an echocardiogram will show reduced ventricular function. 
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Cardiac magnetic resonance is a noninvasive method to confi rm the diagnosis, but the gold 
standard is an endomyocardial biopsy.19 Th e presence of immune complexes indicates an 
immune-mediated process, and immunosuppressive therapy may be indicated. Treatment 
includes inotropic support, diuretics, and afterload reducers in a critical care setting.20

Anomalous left coronary artery originating from the pulmonary artery (ALCAPA) is a 
congenital abnormality that can present in early infancy with irritability, poor feeding, and 
diffi  culty breathing.21 Th e electrocardiogram may reveal abnormal Q waves in leads V4-V6, 
I and aVL, or an abnormal R wave progression.22

An infant with supraventricular tachycardia may present with irritability, poor feeding, 
vomiting, cyanosis, or pallor. Physical examination will reveal a rapid, regular rhythm; 
electrocardiogram is diagnostic.23

Hypoxic or Ischemic Events
Carbon monoxide (CO) poisoning and methemoglobinemia cause irritability by producing 
hypoxia. CO binds to hemoglobin with an affi  nity more than 200 times that of oxygen, 
whereas methemoglobin is unable to bind to oxygen. Both actions result in a leftward shift 
of the oxygen-hemoglobin dissociation curve and decreased oxygen delivery to the tissues. 
A history of smoke inhalation and exposure to an indoor gas stove or to automobile exhaust 
fumes may not be forthcoming without prompting. Early fi ndings with CO poisoning are 
similar to infl uenza-like symptoms of headache, irritability, and dizziness, whereas prolonged 
exposure may result in altered mental status. Arterial measurement of carboxyhemoglobin 
is diagnostic.

Methemoglobinemia in infancy may be either hereditary or related to hypoxic events, 
medication use (sulfonamides, topical anesthetics, metoclopramide), products containing 
nitrites and nitrates (contaminated well water or foods with naturally occurring nitrates 
such as spinach, green beans, carrots, and squash), or to diarrhea, probably from the nitrite-
forming bacteria in the gut.24 Hereditary methemoglobinemia is usually mild, whereas the 
acquired disease can be life threatening. Th e hallmarks of methemoglobinemia are charac-
teristic blue-gray cyanosis that is not improved with oxygen despite normal arterial oxygen 
tension and chocolate brown appearance of arterial blood. Pulse oximetry will not be reliable 
as high levels of methemoglobin will tend to cause a pulse oximeter reading of about 85% 
regardless of the true level of oxygen saturation. Treatment of the patient begins with 
100% supplemental oxygen by nonrebreather mask and aggressive supportive care. In 
CO poisoning, hyperbaric oxygen therapy may be indicated in certain clinical conditions; 
methylene blue is an eff ective treatment for methemoglobinemia.

In children with sickle cell anemia, ischemia may cause painful vaso-occlusive crisis. Th e 
fi rst presentation in infants and younger children is usually irritability and dactylitis (painful 
swelling of the hands and feet) as a result of vascular stasis and ischemia. Treatment includes 
analgesia, hydration, and rest.

Metabolic System
Hypoglycemia, hypo- or hypernatremia, hypo- or hypercalcemia, hypomagnesemia, and 
inborn errors of metabolism can all cause irritability.25 Hypoglycemia is defi ned as a glu-
cose level of 40 mg/dL or less and can be a primary process or caused by sepsis, ingestion, 
or cardiac or respiratory failure.26 Rapid detection and treatment of hypoglycemia can 
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prevent irreversible neurologic damage. Hyponatremia can result from gastrointestinal 
losses or water intoxication, whereas hypernatremia is seen with diarrhea in which the 
water losses exceed salt loss, when replacement fl uid has too high a sodium content, or 
with improper preparation of infant formula. Hypocalcemia in the newborn period may 
cause irritability, poor feeding, and lethargy; later in infancy and during childhood, hypo-
calcemia is seen with rickets. Hypercalcemia is a rare electrolyte disturbance resulting from 
hyperparathyroidism, vitamin D intoxication, or idiopathic causes. Hypomagnesemia is 
found with hypocalcemia.

The inborn errors of metabolism that cause irritability are those in which a toxic 
intermediate accumulates. Organic and aminoacidemias and urea cycle disorders result 
in metabolic acidosis or hyperammonemia. Th ey are symptomatic in the fi rst few weeks 
of life, with vomiting, poor feeding, irritability, and lethargy. When a milder degree of 
enzyme dysfunction is present, clinical disease may be triggered by a bacterial or viral 
illness.27

Toxins and Drugs
Life-threatening intoxication may result from heavy metals such as lead and mercury, drugs 
of abuse such as cocaine and alcohol, envenomation by scorpions and snakes, overdoses of or 
idiosyncratic reactions to medications, and contact with agricultural, industrial, or household 
chemicals. Th orough questioning about recent use of lawn chemicals, pesticides, and clean-
ing products may be the only clues to these factors as a cause of irritability because many of 
these chemicals will not be detected by standard toxicologic screenings of blood and urine. 
Prescribed or over-the-counter medications such as beta-agonists, antiepileptics, decon-
gestants, antihistamines, antitussives, and various cold preparations may cause irritability 
even when used as directed and certainly when overused. Cocaine, alcohol, phencyclidine 
hydrochloride, inhalants, and other drugs of abuse are known to cause irritability. Infants and 
children may be exposed to these substances by passive means transplacentally,28 by ingestion 
of breast milk,29 or by inhalation. Th ey may accidentally ingest alcohol, cigarettes, or other 
substances left within reach. A positive history may be diffi  cult to elicit, and a toxicologic 
screen may not always be helpful; thus a strong index of suspicion is needed. Substance 
use or withdrawal should be considered in the diff erential diagnosis of any adolescent with 
chronic persistent irritability. In rare instances, intentional poisoning may be the cause of 
a child’s distress. 

Malignancy
Many physicians remember at least 1 child who has had complaints of irritability and 
intermittent fever in whom leukemia with bone pain was diagnosed. Malignancies of all 
sorts may have a component of irritability among their symptoms and must be considered 
carefully when no other diagnosis is forthcoming.

 ACUTE IRRITABILITY IN THE WELL-APPEARING CHILD
Irritability in infants has been attributed to a variety of causes of pain or discomfort that 
may become obvious during the evaluation. Dental caries and teething may cause an 
infant to be fussy or irritable. In addition to irritability, teething may be accompanied by 
loose stools but not fever.30 Cold teething rings may provide some relief, but numbing 
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gels with benzocaine are less helpful and may be harmful as they have been associated 
with methemoglobinemia.

Acute otitis media is a common cause of irritability, with or without fever, in children 
younger than 2 years and in those attending child care. Also common, particularly in the 
fi rst year of life, is gastroesophageal refl ux, which may be asymptomatic or reveal itself with 
postprandial irritability, recurrent vomiting, and inadequate weight gain.

Other sources of irritability and nonspecifi c crying episodes may be related to a foreign 
body in the ear or nose, a corneal abrasion, hair wrapped around a digit or penis, diaper 
rash, nonspecifi c vaginitis, balanitis, insect and spider bites or stings, and pain from the site 
of a vaccination. A thorough head-to-toe examination, including special attention to the 
eyes, ears, digits, and genitalia, is essential to establish a diagnosis.

A foreign body in the ear or nose, if present for a prolonged period, results in foul-smelling 
discharge. If visible, the object may be removed with forceps, by gentle irrigation, or by suc-
tion; otherwise removal should be done under sedation or general anesthesia. Disk batteries 
need to be removed emergently because they may leak and can cause tissue destruction. An 
insect in the ear canal can make a child very irritable and may be removed after fi rst killing 
the insect with mineral oil or lidocaine.

Foreign bodies under the eyelid, inward turned eyelashes, or a baby scratching the eyes 
may cause corneal abrasion. Th e child may be irritable, with increased tearing, conjunctival 
injection, and photophobia. Diagnosis is made by Wood lamp examination after instillation 
of fl uorescein into the eye. A foreign body may be removed by a moistened cotton-tipped 
applicator or by irrigation.

A hair tourniquet around a child’s digit or genitals can cause irritability and pain. A 
thorough examination in the creases of the digits is essential because prolonged constricting 
bands may compromise distal circulation.

In some instances the source of a child’s irritability will be found only on thorough 
examination of the genitalia, which may reveal evidence of vaginitis, balanitis, or an anal 
fi ssure. Diaper dermatitis, common after a diarrheal illness, with Candida infection or as an 
allergic reaction to the diaper material, is another potential cause of irritability in infants.

Infants can certainly be irritable after the administration of a vaccine, with local erythema, 
swelling, and tenderness at the injection site. Persistent, inconsolable crying lasting 3 hours 
or more within 48 hours of receiving whole-cell pertussis DTP vaccine have been reported 
but is signifi cantly lower with the newer acellular-pertussis DTaP vaccine.31

 CHRONIC IRRITABILITY
Chronic irritability may be recurrent or persistent in a child and challenges both the 
parents’32 and the physician’s skills. Psychosocial causes may top the list, but toxic, 
neurologic, metabolic, and miscellaneous causes must be considered and are shown in 
Figure 46-1. Irritability as a chronic feature of a child’s behavior may indicate signifi cant 
problems with familial relationships and the ability to master the environment. Infants 
may be irritable because of parental-infant temperament mismatches, maternal depres-
sion,33 or stress within the family from, for example, the birth of a new child. Abuse 
and neglect of a child may provoke irritable behavior or outbursts. An older child or 
adolescent who has a psychiatric condition such as depression, psychosis, autism, post-
traumatic stress disorder, or substance abuse may be described as irritable by parents and 
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others. Th e investigation and treatment of irritability in these situations may require a 
multidisciplinary and long-term approach.

Chronic Recurrent Irritability
Colic is characterized by paroxysms of irritability or crying that begin and resolve without 
apparent cause in infants younger than 5 months of age. Criteria for the diagnosis are 
episodes of crying lasting 3 or more hours per day, occurring 3 or more days per week 
for at least 1 week. Colic typically peaks at 6 weeks and abates by 3 to 4 months. Th e 
physical examination is normal, and growth and development are not aff ected.34

Constipation in the older infant or child, another common cause of recurrent irritability, 
is associated with inadequate fl uid intake, low-fi ber diet, dietary changes, and toilet training. 
Th e passage of large, hard stools can result in anal fi ssures, which make the situation worse 
as the child becomes even more reluctant to defecate because of the pain.

Food allergy aff ects approximately 6% to 8% of infants and young children and approxi-
mately 3.5% to 4% of adults.35 Th e most common food allergens include cow’s milk, eggs, 
peanuts, wheat, and shellfi sh. Milk protein allergy is usually seen in the fi rst few months 
of life: children are irritable and have blood-streaked stools, although they are otherwise 
healthy. Treatment involves switching to hypoallergenic formulas derived from cow’s milk 
then gradually advancing to an unrestricted diet by 9 to 12 months of age. 

Night terrors, typically occurring between 2 and 4 years of age during nonrapid eye 
movement sleep, usually begin with sudden and prolonged periods of inconsolable crying 
and end spontaneously, with the child rapidly returning to sleep. A nightmare occurs during 
rapid eye movement sleep, characterized by a frightening dream, which fully awakens the 
child, and return to sleep is delayed. Vivid recollection of the dream occurs, appropriate 
to the child’s developmental and maturational stage. (See Chapter 71, Sleep Disturbances, 
Nonspecifi c.)

Neurologic disorders, such as brain tumors, migraine headaches, seizures, and 
postconcussion syndrome, are causes of chronic or recurrent irritability among older 
children and adolescents. Postconcussion syndrome is particularly distressing to families 
because the head injury may have occurred months or years before and may even have 
seemed minor, yet the irritability and behavior changes may be a persistent and major 
complaint.36

Chronic Persistent Irritability

Psychosocial Disorders
Attention-deficit/hyperactivity disorder is the most commonly diagnosed biological-
behavioral disorder of childhood, occurring in approximately 8% to 10% of school-aged 
children. Th e children may have coexisting externalizing disorders (conduct disorder and 
oppositional defi ant disorder) and internalizing disorders (depression and anxiety disorders).37 
A common presentation in infants and young children may be irritability from frustration 
as a result of family and peer relationships, propensity to accidental injury, and diffi  culty 
with academic work.

Autism spectrum disorder usually fi rst manifests itself in children younger than 3 years. 
Early symptoms include irritability, defi cits in verbal and social interaction, repetitive behav-
iors, failure to participate within groups, and hours spent in solitary play.
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Children with a chronic condition face stressors beyond their illness itself, such as altered 
physical development and appearance, high absenteeism, and inability of their peer groups 
to accept their disease.38 Th e investigation and treatment of irritability in this context may 
require a multidisciplinary and long-term approach.

Children With Cognitive Impairments
Children with severe intellectual disabilities are unable to verbalize what they are experiencing 
and are left to endure pain more often than healthy children. Although their caregivers are 
usually adept at reading their child’s body language and behaviors to know when the child is 
in pain, the parent is not always able to identify the specifi c cause. Th ese children are likely 
to experience pain from the same sources as unimpaired children (teething, sore throat, 
headache, minor trauma) but are also at risk for additional sources of pain and discomfort. 
Muscle spasms, gastroesophageal refl ux, constipation, and urinary tract infections are fre-
quent causes of irritability. In children with spastic quadriplegia, pathologic fractures often 
occur as a result of decreased bone density, limb rigidity, and joint contractures. Children 
with intellectual disabilities often require treatment for seizures, respiratory conditions, and 
constipation with drugs that have a high incidence of behavioral side eff ects (irritability, 
aggression, and hyperactivity).39,40

A wide variety of chronic disorders have irritability as a prominent or sole component. 
Hormonal eff ects associated with adolescence in both boys and girls can cause moodiness 
and irritability.41,42 

 SUMMARY
Irritability has a variety of causes and can be indicative of life-threatening or relatively trivial 
or transient disorders, which is why it elicits a high degree of concern. In an ill-appearing 
infant or child the initial task is stabilization followed by a thorough search for a cause. In 
a well-appearing infant or child an organized approach is needed to determine the source 
of the irritability. A complete history and thorough physical examination can most often 
determine the cause. In puzzling cases, serial examinations and staged laboratory investiga-
tions may be necessary.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Prevent Shaken Baby Syndrome (handout), American Academy of Pediatrics (patiented. 

solutions.aap.org)
• Returning to Learning Following a Concussion (article), Pediatrics, Vol 132, Issue 5, 2013 

(pediatrics.aappublications.org/content/132/5/948.full)

Medical Decision Support
• Guidelines for Pediatric Concussion (guideline), Ontario Neurotrauma Foundation 

(onf.org/documents/guidelines-for-pediatric-concussion)

AAP POLICY STATEMENTS

Christian CW, Block R; American Academy of Pediatrics Committee on Child Abuse and Neglect. Abusive 
head trauma in infants and children. Pediatrics. 2009;123(5):1409–1411. Reaffi  rmed March 2013 (pediatrics.
aappublications.org/content/123/5/1409)

patiented.solutions.aap.org
pediatrics.aappublications.org/content/132/5/948.full
pediatrics.aappublications.org/content/123/5/1409
www.onf.org/document/guideline-for-pediatric-concussion
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American Academy of Pediatrics Section on Orthopaedics, Committee on Pediatric Emergency Medicine, 
Section on Critical Care, Section on Surgery, Section on Transport Medicine, Committee on Pediatric 
Emergency Medicine, and Pediatric Orthopedic Society of North America. Management of pediatric trauma. 
Pediatrics. 2008;121(4):849–854. Reaffi  rmed April 2013 (pediatrics.aappublications.org/content/121/4/849)
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Chapter 47

Jaundice
Debra H. Pan, MD; Yolanda Rivas, MD

Jaundice is a yellowish discoloration of the skin, sclerae, and mucous membranes resulting 
from deposition of the bile pigment bilirubin. Th e presence of jaundice on clinical examina-
tion indicates hyperbilirubinemia, which is defi ned as a total serum bilirubin greater than 
1.5 mg/dL. In general, jaundice becomes evident at serum bilirubin concentrations greater 
than 3 mg/dL in older children and greater than 5 mg/dL in newborns.1

Hyperbilirubinemia is typically characterized by the fraction of bilirubin that is increased, 
unconjugated (indirect), or conjugated (direct). Elevation of either of these fractions 
results in jaundice. Conjugated hyperbilirubinemia refers to a direct bilirubin greater than 
2 mg/dL or greater than 20% of the total bilirubin concentration. The presence of 
conjugated hyperbilirubinemia suggests hepatobiliary tract conditions.

 BILIRUBIN METABOLISM
To identify the cause of jaundice, the pediatrician or other physician must be familiar with 
the normal metabolism of bilirubin, which is the end product of heme degradation.2 Heme 
is produced from the breakdown of hemoglobin (70%–80%) and other hemoproteins 
(20%–30%). Th e conversion from heme to bilirubin follows a 2-step process that occurs 
mainly in the reticuloendothelial cells of the spleen, liver, and bone marrow. Heme is converted 
to biliverdin by the microsomal enzyme heme oxygenase and then to bilirubin by the cytosolic 
enzyme biliverdin reductase. Th is unconjugated bilirubin is a hydrophobic compound that is 
tightly bound to serum albumin and is transported to the liver for conjugation and clearance.

Th e metabolism of bilirubin follows 4 distinct steps: (1) Th e bilirubin is taken up across 
the sinusoidal (basolateral) membrane of the hepatocyte by a membrane receptor carrier. 
(2) Once inside the hepatocyte, the bilirubin binds to cytosolic glutathione S-transferase, 
historically known as ligandin.3 It is then conjugated with glucuronic acid by the enzyme 
bilirubin UDP-glucuronosyl transferase (BUGT) in the endoplasmic reticulum to 
form bilirubin monoglucuronides and diglucuronides.4 (3) Water-soluble bilirubin 
glucuronides are excreted into the bile through the apical canalicular membrane. Th is process 
is mediated by adenosine triphosphate–dependent transporters. Almost all the bilirubin in 
adult human bile is of the conjugated form, with bilirubin monoglucuronides accounting 
for 15% and diglucuronides accounting for 85%. In contrast, neonates have a higher con-
centration of bilirubin monoglucuronides in their bile because of a lower BUGT activity. 
Th e monoglucuronides are easily deconjugated and reabsorbed in the intestine. (4) Th e 
excreted bilirubin is further metabolized by bacterial fl ora to form urobilinoids, which are 
then eliminated in the feces, thus preventing the intestinal absorption of bilirubin.5
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Bilirubin glucuronides can also be deconjugated by bacteria or tissue �-glucuronidase 
in the intestine and then reabsorbed in the terminal ileum, a process known as enterohepatic 
circulation.6 Newborns are at high risk for bilirubin absorption from the intestine because 
of the high concentration of bilirubin monoglucuronides in their bile, the lack of intestinal 
bacterial fl ora to effi  ciently produce urobilinoids, and the high content of bilirubin and 
�-glucuronidase in meconium. Conditions that delay the passage of meconium can result 
in neonatal hyperbilirubinemia.

 SERUM BILIRUBIN
Serum bilirubin is conventionally measured by spectrophotometry based on the Van den 
Bergh (diazo) reaction.7 Conjugated (direct) bilirubin reacts rapidly and unconjugated 
(indirect) bilirubin reacts slowly with diazo reagents. Indirect bilirubin is calculated as the 
diff erence between the total bilirubin and the direct bilirubin fraction. Although the terms 
direct and conjugated bilirubin are used interchangeably, direct bilirubin actually consists 
of 2 components: conjugated bilirubin and �-bilirubin. In hepatobiliary obstruction, bili-
rubin glucuronides are not excreted properly from the hepatocyte into the bile. Under 
these circumstances, bilirubin glucuronides can refl ux back into the systemic circulation 
and covalently bind to albumin. Th is conjugated bilirubin-albumin compound is known 
as �-bilirubin.8 Methods such as high-performance liquid chromatography can measure 
�-bilirubin as well as �-, �-, and �-bilirubin that corresponds to the unconjugated, mono-
conjugated, and diconjugated forms, respectively.9 Because of the long half-life of albumin, 
�-bilirubin accounts for the prolonged direct hyperbilirubinemia occasionally observed after 
restoration of normal bile fl ow.

 DIFFERENTIAL DIAGNOSIS
When discussing the diff erential diagnosis in a patient with jaundice, one should fi rst cat-
egorize hyperbilirubinemia as either unconjugated or conjugated. It is helpful then to dis-
cuss each category separately in 2 diff erent age groups: (1) newborns and young infants 
(infants �6 months), and (2) older infants (infants �6 months) and children. In 
general, unconjugated hyperbilirubinemia is common in neonates but relatively rare thereaf-
ter. Neonatal unconjugated hyperbilirubinemia is usually transient and benign, but marked 
increases of bilirubin can be toxic to the central nervous system. On the other hand, con-
jugated hyperbilirubinemia is always pathologic. When present in young infants, it is often 
related to primary hepatobiliary disorders, systemic or metabolic diseases, or genetic defects 
in bilirubin and bile acid metabolism or transport. In older children, viral hepatitis and 
drug- or toxin-induced liver damage are more prevalent.

 JAUNDICE IN NEWBORNS AND YOUNG INFANTS
A brief list of the causes of jaundice in newborns and young infants is presented in 
Box 47-1.

Unconjugated Hyperbilirubinemia
Th e transition from intrauterine to extrauterine life is commonly associated with hyperbili-
rubinemia. Newborns have a total bilirubin level greater than the adults’ normal limit of 
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1.5 mg/dL. More than half of newborns develop clinical jaundice in the fi rst week of life, 
with most of them having unconjugated hyperbilirubinemia.

Increased Production of Bilirubin
Nonphysiologic jaundice should always be considered part of the diff erential diagnosis in 
neonatal jaundice. When evaluating patients with jaundice, factors such as early onset, rapid 
progression, and persistence of jaundice beyond 2 weeks of life always suggest a pathologic 
cause. In most instances, pathologic unconjugated hyperbilirubinemia results from either 
excessive production or abnormal hepatic clearance of bilirubin.

Hemolysis is the most common cause of excessive bilirubin production in neonates 
and is usually observed within the fi rst 24 hours of life. Hemolysis is often seen in asso-
ciation with maternal–fetal blood type incompatibility. ABO and Rh incompatibility are 
the 2 most common types leading to hemolytic disease of the newborn. ABO incompat-
ibility occurs in approximately 15% of all pregnancies but results in hemolytic disease 
in only 3% of newborns, with less than 0.1% of infants needing exchange transfusion.10 
Hemolysis caused by ABO incompatibility is usually seen in newborns with blood type A 
or B born to blood type O mothers. Laboratory fi ndings include a weakly positive direct 
Coombs test, high reticulocyte count, spherocytes on blood smear, and high levels of 

BOX 47-1

Diff erential Diagnosis of Jaundice in Newborns and 
Young Infantsa

UNCONJUGATED 
HYPERBILIRUBINEMIA

Increased production of bilirubin
• Hemolysis (ABO-Rh incompatibility, eryth-

rocyte defects, erythrocyte enzyme defects, 
disseminated intravascular coagulopathy)

• Polycythemia
• Cephalohematoma resorption

Decreased hepatocellular uptake or 
conjugation
• Prematurity
• Congenital hypothyroidism
• Physiologic jaundice of the newborn
• Breast milk jaundice
• Drug toxicity
• Gilbert syndrome, Crigler-Najjar syndrome

CONJUGATED HYPERBILIRUBINEMIA

Liver diseases
• Acute liver damage (ischemia, hypoxia, 

acidosis)

• Infection (sepsis, TORCH [toxoplasmosis, 
other agents, rubella, cytomegalovirus, 
herpes simplex])

• Viral or other hepatitis
• Parenteral nutrition associated liver disease
• Metabolic liver disease (galactosemia, 

neonatal hemochromatosis, �1-antitrypsin 
defi ciency, tyrosinemia, mitochondrial 
defects)

• Hormones and drugs

Obstruction of biliary system
• Congenital anomalies (biliary atresia, 

choledochal cyst)

Defects of bilirubin metabolism or 
transport
• Progressive familial intrahepatic cholestasis
• Dubin-Johnson syndrome, Rotor 

syndrome

aYoung infants defi ned as infants younger than 6 months.
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unconjugated bilirubin. Hemolytic disease in Rh incompatibility usually develops when 
an Rh-negative mother has become sensitized after exposure to Rh-positive fetal blood 
during a previous pregnancy. Rh incompatibility is less common and usually more severe 
than ABO incompatibility.11 In the United States, the prevalence of the Rh-negative 
genotype is approximately 15% in whites, 5% in blacks, and less than 1% in Asians.12 
Rh incompatibility occurs in approximately 1.06 per 1,000 live births.13 Aff ected infants 
usually develop jaundice in the fi rst hours of life. Anemia and hepatosplenomegaly are 
common features. In severe cases, fetal hydrops from intrauterine hemolysis may be pres-
ent at birth. Laboratory fi ndings include a positive direct Coombs test, high reticulocyte 
count, anemia, and high unconjugated bilirubin levels. Th e prophylactic use of RhoGAM 
(anti-D gammaglobulin) in Rh-negative mothers has greatly decreased the incidence of 
this type of hemolytic disease of the newborn.14

Other causes of hemolysis leading to unconjugated hyperbilirubinemia in the neonate 
include hemoglobinopathies such as �-thalassemia, red blood cell enzyme defects, and neo-
natal polycythemia. �-Th alassemia should be suspected in newborns with jaundice and a 
moderate hypochromic, microcytic, hemolytic anemia.15 Erythrocyte enzyme defects such 
as glucose-6-phosphate dehydrogenase (G6PD) or pyruvate kinase defi ciency may cause 
hemolysis at any age. Neonatal polycythemia can cause an increase in bilirubin production 
as a result of an absolute increase in red blood cell mass. Unconjugated hyperbilirubinemia 
occurs in 2% to 22% of newborns with polycythemia.16 Cephalohematomas also can lead 
to an increased bilirubin production from rapid breakdown of red blood cells in the extra-
vascular space.

Decreased Hepatocellular Uptake or Conjugation of Bilirubin
Drugs such as aspirin, cephalosporins, and sulfonamides can impair bilirubin transport by 
altering bilirubin–albumin binding.17 Rifampin has been demonstrated to competitively 
inhibit hepatocellular uptake of bilirubin.18 Unconjugated hyperbilirubinemia is associated 
with a decreased BUGT activity in conditions such as physiologic jaundice of the newborn 
and breast milk jaundice, and with a delayed maturation of BUGT in hypothyroidism.

Crigler-Najjar and Gilbert syndromes are 2 types of familial unconjugated hyperbili-
rubinemia caused by several mutations in the gene encoding for BUGT.19 Crigler-Najjar 
syndrome is a rare familial form of unconjugated hyperbilirubinemia caused by mutations in 
the gene encoding BUGT1, leading to either absent (type 1) or decreased (type 2) BUGT 
activity. Crigler-Najjar syndrome type 1 is an autosomal recessive disease, which presents 
with severe nonhemolytic jaundice in the fi rst hours of life. Crigler-Najjar syndrome type 2 
is an autosomal dominant disease. Jaundice is usually less severe in type 2 and may improve 
with phenobarbital treatment. Gilbert syndrome is rarely diagnosed in this age group, and is 
further discussed in the Jaundice in Older Infants and Children section.

Conjugated Hyperbilirubinemia
Conjugated hyperbilirubinemia, also known as cholestatic jaundice, is always pathologic. It 
can occur as a result of impaired bile formation by the hepatocyte or from obstruction to 
bile fl ow through the intrahepatic or extrahepatic biliary system. Conditions associated with 
conjugated hyperbilirubinemia include primary hepatobiliary disorders, genetic or metabolic 
diseases, systemic infections, and drug toxicity. Neonatal cholestasis refers to infants younger 
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than 3 months who have cholestatic jaundice regardless of the cause. With the availability 
of new diagnostic techniques, the number of patients with an identifi ed specifi c cause has 
increased.20

Systemic Illnesses
Congenital TORCH (toxoplasmosis, other agents, rubella, cytomegalovirus, herpes 
simplex) infections have been associated with conjugated hyperbilirubinemia.21 Infants 
with TORCH infections often have a low birth weight, hepatosplenomegaly, and cutane-
ous manifestations, as well as ophthalmologic and central nervous system involvement. 
Common laboratory fi ndings include anemia, thrombocytopenia, increased transami-
nases, and cholestasis. Other infections, such as HIV and hepatitis B and C, may also be 
associated with conjugated hyperbilirubinemia in newborns or young infants. However, 
these infections have decreased with improved prenatal screening.

Patients with sepsis may develop jaundice and hepatocellular dysfunction.22 Th e 
most frequent bacterial organisms associated with conjugated hyperbilirubinemia in 
neonates are Escherichia coli, Streptococcus group B, and Listeria monocytogenes. Conjugated 
hyperbilirubinemia may also develop in newborns and young infants with urinary tract 
infections.23

Critically ill patients, including young infants with no previous underlying liver dis-
ease, may develop jaundice with other signs of hepatic dysfunction, such as increased 
transaminases.24 Conditions such as cardiopulmonary arrest, shock, and severe metabolic 
acidosis may cause an acute ischemic insult to the liver resulting in hepatocyte necrosis. 
Aff ected patients will have a marked increase in serum transaminase levels and direct 
hyperbilirubinemia developing within 24 to 48 hours after the insult. In most cases, 
the liver function will normalize once the initial insult is corrected; rarely, patients may 
develop acute liver failure.

Liver disease associated with parenteral nutrition (PN) is often seen in patients who 
receive PN for more than 2 weeks.25 Th ere is growing literature suggesting that soybean-based 
lipid emulsions are the major factor accounting for PN-associated liver disease. Recent data 
have demonstrated that using lipid emulsions based on fi sh oil can reverse or prevent PN 
cholestasis.26 Similar results have been achieved by limiting the soybean-based lipid emul-
sions to 1 g/kg/day or less.27

Metabolic Disorders
Metabolic liver diseases usually manifest during early infancy and should always be considered 
in the diff erential diagnosis in a newborn or young infant with cholestasis, especially when 
associated with hypoglycemia, hyperammonemia, or lactic acidosis.28,29

Galactosemia is an inborn error of galactose metabolism inherited as an autosomal reces-
sive trait, with an estimated occurrence of 1 in 60,000. Th e classic transferase-defi ciency 
galactosemia can aff ect multiple organs, including the liver, kidneys, brain, eyes, intestines, 
and gonads. Th e hepatocellular damage in galactosemia is caused by accumulation of toxic 
metabolites of galactose-1-phosphate and galactitol in the liver. Th e clinical presentation 
varies from mild liver disease to fulminant liver failure in the neonatal period. Patients often 
have vomiting, diarrhea, and poor feeding. Th ey can also present with E coli sepsis. Jaundice 
can also be found in patients with other inborn errors of carbohydrate metabolism, such 
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as hereditary fructose intolerance and certain types of glycogen storage diseases. In these 
conditions, the onset of symptoms rarely occurs during early infancy.

Neonatal hemochromatosis is a rare and severe liver disease in newborns. Th e typical 
pathologic fi nding is excessive iron deposition in extrahepatic sites. It has been recently 
hypothesized that this condition is caused by maternal alloimmunity directed at the fetal 
liver.30 Infants with neonatal hemochromatosis usually experience intrauterine growth restric-
tion and are born prematurely. In most cases, signs and symptoms of acute liver failure are 
present at birth or develop soon thereafter. Th e clinical presentation includes hypoglycemia, 
cholestatic jaundice, hypoalbuminemia, and profound coagulopathy. Transaminases can 
be slightly increased or even normal. Typical laboratory fi ndings include increased ferritin 
and transferrin saturation and a relatively low transferrin level. Neonatal hemochromatosis 
should be strongly considered in all newborns with acute liver failure. Diagnosis can be aided 
by punch biopsy of the lip mucosa; the tissue sample is analyzed for iron deposition in the 
salivary glands. New treatment modalities include the use of intravenous immunoglobulin 
and exchange transfusions.31

�1-Antitrypsin defi ciency is a relatively common genetic disorder, with the homo-
zygous PiZZ genotype found in 1 in 1,600 to 2,000 live births. Only 10% of patients 
with �1-antitrypsin defi ciency will develop signs and symptoms of liver disease.32 Th is 
disorder typically manifests in the fi rst few months of life with jaundice, although the onset 
of liver disease can occur later in life. Liver injury results from the hepatotoxic eff ect of 
retained mutant �1 ATZZ molecules in the endoplasmic reticulum of the hepatocyte.

Tyrosinemia type 1, also known as hepatorenal tyrosinemia, is a rare disorder that aff ects 
multiple organs, including the liver, kidneys, and peripheral nerves.33 Th e defi ciency of 
fumarylacetoacetate hydrolase, an enzyme involved in tyrosine degradation, results in tissue 
accumulation of tyrosine and other intermediate metabolites. Clinical fi ndings range from 
severe liver disease or acute liver failure in early infancy to chronic liver disease in older 
children. Th e striking laboratory fi nding is a markedly increased �-fetoprotein level. Patients 
with this condition may develop hepatocellular carcinoma early in life. Th e presence of suc-
cinylacetone in urine or blood is pathognomonic for tyrosinemia. Early diagnosis is important 
because specifi c medical therapy will improve quality of life and delay disease progression.

Primary mitochondrial hepatopathies are caused by a variety of defects, including mito-
chondrial DNA depletion, respiratory chain defects, fatty acid oxidation defects,34,35 and 
mitochondrial membrane enzyme defects. In addition to having signs and symptoms of liver 
disease, aff ected patients have neuromuscular problems. Marked lactic acidosis is a relatively 
common feature. Symptoms usually develop within the fi rst few months of life.

Obstructive Jaundice
Extrahepatic biliary atresia (EHBA) is an idiopathic, destructive, infl ammatory process of both 
the extrahepatic and intrahepatic bile ducts.36,37 Aff ected infants typically develop jaundice 
and acholic stools at around 2 weeks of age; however, in early stages, the stools may still 
have bile pigment. Infants with cholestatic jaundice need prompt referral and evaluation 
for EHBA because the prognosis can be improved by early diagnosis and timely surgery. 
Abdominal sonography is a useful screening tool. Th e absence of gallbladder or the appear-
ance of a triangular cord sign at the hilar region is suggestive of EHBA. However, the presence 
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of a gallbladder on sonography does not exclude this condition. Abdominal sonography 
can also exclude other causes of cholestasis, such as choledochal cysts, gallstones, or biliary 
sludge. Liver biopsy is usually performed when evaluating patients with suspected EHBA, 
although the histologic fi ndings are not always conclusive. Th e diagnosis is confi rmed at 
the time of endoscopic retrograde cholangiopancreatography (ERCP) with cholangiogram 
or intraoperative cholangiogram.38 Once the diagnosis is made, a hepatoportoenterostomy or 
Kasai procedure is then performed in an eff ort to reestablish bile fl ow.

Choledochal cysts are rare congenital anomalies of the biliary tract characterized by varying 
degrees of cystic dilation of the biliary tree. Choledochal cysts may be detected at any age; 
18% of cases are diagnosed during the fi rst year of life. Th e classic presentation of jaundice, 
abdominal pain, and right epigastric mass is rarely observed in infants and young children.39

Alagille syndrome, also known as arteriohepatic dysplasia, is inherited as an autosomal domi-
nant condition with variable penetrance.40 It is characterized by paucity of the intrahepatic 
bile ducts, peripheral pulmonary stenosis, butterfl y vertebrae, posterior embryotoxon, and 
peculiar facies. Jaundice and pruritus are often present as the main clinical features during 
infancy. Mutations in the Jagged 1 (JAG1) gene are identifi ed in most patients.41 Th e diag-
nosis is confi rmed by genetic testing.

Isolated Bile Acid Metabolism Defects
Progressive familial intrahepatic cholestasis (PFIC) has been identifi ed as a distinct group 
of conditions involving intrahepatic cholestasis from bile acid transport defects leading to 
impairment of bile excretion.42 Th ree distinct gene mutations have been identifi ed, account-
ing for the 3 major subtypes of this condition, including PFIC1, PFIC2, and PFIC3. Genetic 
testing is available to detect these mutations. Aff ected patients often develop jaundice in 
the fi rst few months of life. In addition, they may also have severe pruritus, growth failure, 
fat-soluble vitamin defi ciency, abnormal coagulation profi le, and increased serum bile acids. 
Th e disease usually progresses to cirrhosis and liver failure early in life.

 JAUNDICE IN OLDER INFANTS AND CHILDREN
A brief list of the diff erential diagnosis of jaundice in older infants and children is presented 
in Box 47-2. In this age group, jaundice is an unusual sign and may suggest a serious 
clinical condition.

Unconjugated Hyperbilirubinemia
Unconjugated hyperbilirubinemia is seen in older infants and children usually associated 
with underlying hemolytic diseases such as sickle cell anemia, G6PD defi ciency, or hereditary 
spherocytosis. Mild unconjugated hyperbilirubinemia may also result from nonhemolytic 
conditions such as Gilbert syndrome, a benign disorder that aff ects 7% of the general popula-
tion. It is inherited as an autosomal dominant trait, although an autosomal recessive pattern 
has been described.43 An insertional mutation of the UGT1A1 gene results in a reduced 
level of expression of the gene. Jaundice does not typically develop until after puberty and 
is usually seen during prolonged fasting or in association with acute viral illnesses. Patients 
usually have mild indirect hyperbilirubinemia with otherwise normal liver tests and no 
evidence of ongoing hemolysis.
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Conjugated Hyperbilirubinemia

Liver Disease
Jaundice can develop as a result of acute or chronic viral hepatitis, autoimmune hepatitis, 
and drug- or toxin-induced hepatic injury. Metabolic liver diseases are much less common 
in older children, with the exception of Wilson disease. Infi ltrative malignancies can also 
cause jaundice at any age. Th e incidence of acute viral hepatitis A has decreased in the 
United States with the use of vaccination. Children younger than 5 years with acute hepatitis 
A infection tend to be anicteric. Th e disease rarely causes fulminant liver failure. Hepatitis E 
infection has been increasingly recognized recently and has a clinical course similar to that of 
hepatitis A.44 Hepatitis B or C infection is usually anicteric and chronic in children. Other 
viruses. such as Epstein-Barr virus, cytomegalovirus, adenovirus, and enterovirus, can also 
cause acute hepatitis, although jaundice is not always present.

Autoimmune hepatitis (AIH) is a progressive infl ammatory condition of the liver of 
unknown etiology, which can progress to cirrhosis if not promptly diagnosed and treated.45 
AIH should always be considered in the diff erential diagnosis in a patient with increased trans-
aminases. Jaundice is present in more than one-half of patients with AIH. Hyperglobulinemia 
is often evident, and autoantibodies such as antinuclear antibody, anti–smooth muscle anti-
body, and anti–liver-kidney microsomal antibody may be positive or negative. A positive 
liver–kidney microsomal antibody categorizes the disease as AIH type 2, which may have a 

BOX 47-2

Diff erential Diagnosis of Jaundice in Older Infantsa 
and Children
UNCONJUGATED 
HYPERBILIRUBINEMIA

• Hemolysis: erythrocyte defects, erythrocyte 
enzyme defect (glucose-6-phosphate dehy-
drogenase), disseminated intravascular 
coagulopathy

• Gilbert syndrome

CONJUGATED HYPERBILIRUBINEMIA

Liver disease
• Viral hepatitis (hepatitis A, B, C, E)
• Hepatitis caused by other viruses (herpes 

simplex virus, Epstein-Barr virus, cytomega-
lovirus)

• Toxins and drugs (ethanol, acetaminophen, 
isoniazid, phenytoin)

• Autoimmune hepatitis
• Metabolic liver disease (�1-antitrypsin 

defi ciency, tyrosinemia, Wilson disease, 
mitochondrial defects)

• Nonalcoholic fatty liver disease
• Acute liver damage: ischemia, hypoxia, 

acidosis
• Parenteral nutrition–associated liver disease
• Pregnancy related (acute fatty liver of 

pregnancy, preeclampsia)
• Malignancy

Obstruction of the biliary system
• Choledochal cyst
• Cholelithiasis or choledocholithiasis
• Cholecystitis
• Diseases of the bile ducts (primary scleros-

ing cholangitis, AIDS cholangiopathy)

Bilirubin metabolism or transport 
defects
• Progressive familial intrahepatic cholestasis
• Dubin-Johnson syndrome, Rotor 

syndrome

aOlder infants defi ned as infants older than 6 months.
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more fulminant course and can present as acute liver failure.46 AIH type 1 is more common, 
with onset likely before adolescence.

Drug-induced liver injury is initially suspected based on circumstantial evidence.47 It can 
be classifi ed into 3 types—(1) hepatic, (2) cholestatic, or (3) mixed hepatic-cholestatic—
according to diff erent clinical features. Cholestasis is more prominent when damage to bile 
duct epithelial cells occurs, resulting in an impaired bile fl ow. Cholestatic jaundice can be 
caused by many diff erent drugs, including estrogen or oral contraceptive pills, erythromycin, 
cyclosporine, and haloperidol.48 Acetaminophen overdose can cause acute hepatitis with zone 
3 hepatocyte necrosis. Most cases of drug-induced liver damage spontaneously resolve once 
the drug responsible for the injury is withdrawn.

Wilson disease is an autosomal recessive disorder of human copper metabolism, with clini-
cal onset usually after 5 years of age.49 Mutations in the ATP7B gene lead to impaired biliary 
excretion of copper, which results in a progressive accumulation of copper in the liver and 
subsequently in other organs and tissues. Hemolytic anemia, Kayser-Fleischer rings in the 
eyes, and neuropsychiatric symptoms are classic features of the disease. Copper deposition 
in the liver can result in acute or chronic hepatitis, cirrhosis, or even fulminant liver failure 
with severe cholestatic jaundice.

Biliary Obstruction
Cholelithiasis is the most common cause of biliary obstruction in children and is often 
associated with obesity, dyslipidemia, or an underlying hemolytic disease. Children usually 
present with vomiting and right upper quadrant abdominal pain, with or without jaundice.50 
Primary sclerosing cholangitis is characterized by stenosis, dilation, and fi brosis involving 
the intrahepatic or extrahepatic biliary tree, or both. It is the most common form of chronic 
liver disease in children with infl ammatory bowel disease. Cholestatic jaundice is seen in less 
than one-half of aff ected patients.51

Hepatic Bilirubin Transport Defects
Dubin-Johnson syndrome and Rotor syndrome are both inherited as autosomal recessive 
disorders. Dubin-Johnson syndrome is caused by mutations in the canalicular transporter 
gene, which result in an impaired secretion of conjugated bilirubin, whereas Rotor syndrome 
involves an impaired intracellular storage capacity of the liver for binding anions.52,53 In 
both syndromes, conjugated hyperbilirubinemia is present without abnormalities in other 
liver tests. Th e striking characteristic in Dubin-Johnson syndrome is a brown to black dis-
coloration of the liver, which results from pigment deposition in the lysosomes. Th e liver 
histology is otherwise normal in both syndromes.

 EVALUATION
History
A detailed history is essential when evaluating a patient with jaundice because the information 
obtained may help to identify the cause. Special attention should be paid to the presence of 
signs and symptoms, such as a viral prodrome, abdominal pain or distention, acholic stools, 
dark urine, or pruritus. In neonates, the prenatal and birth history may help identify potential 
risk factors. In older children, the patient’s age at the time of onset of jaundice, associated 
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signs and symptoms, and exposure to hepatotoxic agents are of paramount importance. 
A detailed family history should include information about the presence of persistent 
jaundice, chronic liver diseases, hemolysis, and metabolic diseases. Distinguishing 
among acute and chronic liver diseases, intrahepatic processes and extrahepatic biliary 
tract obstruction, or primary liver diseases and systemic diseases is the major goal at the 
time of the initial evaluation. Th is approach may guide the physician in selecting appropri-
ate laboratory tests and imaging studies that can lead to a defi nitive diagnosis.

Physical Examination
In general, patients with jaundice from unconjugated hyperbilirubinemia have bright-
yellow skin, whereas patients with jaundice from conjugated hyperbilirubinemia have dark 
green–yellow skin. Patients should undergo a complete physical examination with special 
focus on general appearance, growth, and development; signs of cardiovascular dysfunc-
tion; neurologic signs; and organomegaly. Th e size and the character of the liver should 
be carefully determined. Th e newborn or infant liver is a large organ relative to body size. 
In newborns, the mean liver span is 5.9 cm along the midclavicular line, calculated by 
measuring the distance between the percussed upper and palpated lower liver edges.54 Th e 
healthy infant’s liver may be palpable and is typically less than 2 cm below the right costal 
margin.55 Th e consistency and character of the liver edge may help determine the nature 
of underlying liver disease. An enlarged liver resulting from an acute intrahepatic process 
is usually tender but soft. A cirrhotic liver may have a hard and irregular edge; however, 
its edge is not always palpable.

A thorough abdominal examination should be performed to identify the presence of an 
enlarged spleen or any other abdominal masses, areas of tenderness, and ascites, as well as the 
abdominal cutaneous venous pattern. Th e tip of the spleen can normally be palpated below 
the left costal margin in newborns and infants. Splenomegaly in a patient with underlying 
liver disease implies portal hypertension, especially in the presence of ascites and a prominent 
abdominal cutaneous venous pattern. Other physical fi ndings may indicate a particular cause, 
such as xanthomas in primary biliary cirrhosis, Kayser-Fleischer rings in Wilson disease, and 
characteristic facial features and posterior embryotoxon in Alagille syndrome.

Laboratory Tests
Initial laboratory studies include a complete blood cell count (CBC), liver tests, and a 
coagulation profi le. Isolated hyperbilirubinemia with otherwise normal liver tests suggests 
the possibility of hemolytic disease or bilirubin metabolism defects. A CBC is useful in 
detecting hemolysis, indicated by the presence of anemia with fragmented red blood cells 
(schistocytes) and increased reticulocytes on the smear. Th rombocytopenia is typically seen 
in patients with portal hypertension and hypersplenism.

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels are the 
most frequently used markers of hepatocellular injury.56 ALT is a more specifi c indicator 
of hepatocyte injury because AST also increases with hemolysis and myocardial or skeletal 
muscle injury. In general, a marked increase in AST and ALT occurs in severe viral hepatitis, 
acute toxin- or drug-induced hepatic necrosis, or ischemia.57 A mild increase of AST and 
ALT is seen in nonalcoholic fatty liver disease, chronic viral hepatitis, and drug toxicity. 
Declining AST and ALT levels usually indicate hepatocyte recovery. However, in the course 
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of fulminant liver failure, if seen in association with a worsening liver synthetic function, 
falling AST and ALT levels may be an ominous sign of massive hepatic necrosis, with few 
viable hepatocytes remaining to further release these enzymes.58 AST and ALT levels are less 
useful in patients with chronic end-stage liver disease because they can be normal or only 
slightly increased in the presence of marked fi brosis of the liver.

Alkaline phosphatase and �-glutamyltransferase (GGT) are useful markers for intrahepatic 
and extrahepatic cholestasis. In most hepatobiliary diseases, both alkaline phosphatase and 
GGT are increased. However, in progressive familiar intrahepatic cholestasis (types 1 and 2), 
a normal or low GGT is observed in the presence of a high alkaline phosphatase. Isolated 
increase of alkaline phosphatase may be seen in patients with nonhepatobiliary diseases such 
as bone disorders.59 Normal GGT values in newborns may be 5 to 8 times greater than those 
in adults.60

Prothrombin time (PT) and albumin are used to evaluate hepatic synthetic function. An 
abnormal PT results from an impaired hepatic synthesis of coagulation factors I, II, V, VII, 
and X or defi ciency of vitamin K (or both). Parenteral administration of vitamin K generally 
normalizes a prolonged PT in patients with vitamin K defi ciency associated with cholestatic 
jaundice, but not in patients with hepatocellular disease. In acute liver injury, a markedly 
increased PT suggests the possibility of fulminant liver failure. Hypoalbuminemia may be 
seen in patients with acute and chronic liver diseases. In the early stages of acute liver injury, 
the serum albumin may not be a reliable indicator of hepatic synthetic function because it 
has a long half-life of approximately 21 days.

Based on the clinical information obtained and results of the initial laboratory tests, 
further evaluation including imaging studies may be warranted, including blood and urine 
cultures, viral serologic studies, toxin and drug screen, autoimmune markers, �1-antitrypsin 
phenotype, ceruloplasmin, urine succinyl acetone, and serum bile acids. In newborns 
or young infants with jaundice and abnormal liver tests, TORCH titers should also be 
obtained.

Imaging Studies
Ultrasonography is the most useful initial imaging modality in the assessment of the intrahe-
patic and extrahepatic biliary system in patients with jaundice.61 Th is noninvasive study may 
help identify abnormalities such as biliary atresia, choledochal cyst, hepatic cystic lesions, 
and cholelithiasis. Computed tomographic scans may be preferred when general anatomic 
information of the hepatobiliary system is desired or a noncystic hepatic lesion is suspected. 
Nuclear scintigraphy is a useful study when considering the diagnosis of acute cholecystitis or 
chronic acalculous cholecystitis.62 Magnetic resonance cholangiopancreatography (MRCP) 
is a noninvasive study that identifi es abnormalities of the intrahepatic and extrahepatic 
biliary system. ERCP provides similar information to that of the MRCP, but it allows the 
possibility of therapeutic interventions such as sphincterotomy, biliary stone extraction, or 
stent placement.63

Liver biopsy provides information on the histology and architecture of the liver and 
has become an invaluable diagnostic tool in the evaluation of patients with liver disease; it 
is also helpful in assessing disease progression. Liver biopsy is most commonly performed 
in patients with persistently abnormal liver tests, especially when conventional labora-
tory and imaging studies do not lead to a specifi c diagnosis. Th e use of liver biopsy in the 
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diagnosis of acute liver injury is limited because of the nonspecifi c histologic changes 
commonly found.

 MANAGEMENT
Th e treatment of newborns with unconjugated hyperbilirubinemia is based on the revised 
guideline published by the American Academy of Pediatrics.64 Th is guideline provides a 
framework for detecting neonatal hyperbilirubinemia and preventing kernicterus in term 
and near-term newborn infants. It also emphasizes the importance of a systematic assess-
ment of the risks of severe hyperbilirubinemia, close follow-up, and prompt intervention 
when necessary.

Th e management of patients with direct hyperbilirubinemia should focus on correcting 
the underlying cause, optimizing nutrition, and controlling pruritus. Malabsorption of fat 
and fat-soluble vitamins is commonly seen in patients with cholestasis because they have an 
impaired bile secretion. Unlike long-chain triglycerides, which require bile acid micelles for 
solubilization, medium-chain triglycerides (MCTs) are relatively water soluble and directly 
absorbed into the portal system. Th erefore, a diet high in MCTs should be used to promote 
growth in children with chronic cholestasis. Formulas with a relatively high MCT concen-
tration are often used in patients with cholestasis. Supplementation of fat-soluble vitamins 
A, D, E, and K is essential. Serum vitamin levels should be routinely followed to monitor 
adequate supplementation.

In the attempt to control cholestasis-associated pruritus, several diff erent therapeutic 
agents have been used with very little success. Ursodeoxycholic acid has been shown to 
lower serum bile acid levels by increasing bile fl ow.65 Other agents, such as cholestyramine, 
a bile acid–binding resin, and rifampin, an antibiotic used in the treatment of tuberculosis, 
have also been used.66,67

Liver transplantation in children is now an accepted therapy for many life-threatening 
liver diseases.68 Current survival rates for children after liver transplantation are 90% at 
1 year and 85% at 3 years.69 EHBA is the most common indication for liver transplantation 
in children; other indications include �1-antitrypsin defi ciency, fulminant liver failure, 
chronic hepatitis, metabolic liver disease, and cirrhosis of unknown origin. Early referral 
and transfer to a liver transplantation center are important to assure a good outcome.

When to Refer

• Unexplained jaundice
• Direct hyperbilirubinemia at any age
• Persistence of abnormal liver tests
• Hepatomegaly or splenomegaly

When to Admit

• Jaundice in an ill patient
• Feeding intolerance and dehydration
• Inpatient management of underlying conditions
• Impending acute liver failure
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TOOLS FOR PRACTICE

Engaging Patient and Family
• Jaundice (fact sheet), American Academy of Pediatrics (healthychildren.org/English/

ages-stages/baby/Pages/Jaundice.aspx)
• Jaundice and Your Newborn (handout), American Academy of Pediatrics (patiented.

solutions.aap.org)

Medical Decision Support
• BilliTool (interactive tool), Tony Burgos, MD, et al (bilitool.org)
• Jaundice/Kernicterus (Web page), Centers for Disease Control and Prevention (www.cdc.

gov/ncbddd/jaundice/index.html)

AAP POLICY STATEMENTS

Bhutani VK; American Academy of Pediatrics Committee on Fetus and Newborn. Phototherapy to pre-
vent severe neonatal hyperbilirubinemia in the newborn infant 35 weeks or more of gestation. Pediatrics. 
2011;128(4):e1046–e1052 (pediatrics.aappublications.org/content/128/4/e1046.full)

North American Society for Pediatric, Gastroenterology, Hepatology, and Nutrition. Guideline for the 
evaluation of cholestatic jaundice in infants: recommendations of the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol Nutr. 2004;39:115–128 (AAP endorsed)
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Chapter 48

Joint Pain
David M. Siegel, MD, MPH; Bethany Marston, MD

Pediatricians are often faced with clinical situations involving musculoskeletal aches 
and pains, and within this group of symptoms lies the subset of joint pain. In fact, 1 of 
every 6 to 10 pediatric outpatient visits includes a musculoskeletal complaint.1 Discomfort 
in a joint can result from a wide variety of causes, and the possibilities must be considered 
to allow appropriate evaluation and management. A systematic approach to patients who 
experience pain or swelling in 1 or more joints helps physicians arrive at an accurate diagnosis 
and course of therapy.

 DEFINITIONS
Joint pain, or arthralgia, is the subjective experience of pain referable to a bony articulation. 
In a young child, this might be inferred from the patient’s refusal to move an extremity. 
Th e term arthralgia should only be used if the discomfort originates in the joint itself; it 
is important to distinguish arthralgia from myalgia, or muscle pain, and from other types 
of pain that may involve the limbs but not the joints. Th e term arthritis should be used 
only when there is evidence of infl ammation in the joint; fi ndings of swelling, tenderness, 
warmth, or erythema should be demonstrable, along with pain with motion. In the joint, 
infl ammation is also accompanied by stiff ness or loss of motion. Arthropathy is a term that 
can be used to describe any disease of a joint, regardless of its cause.

 ETIOLOGY
Infl ammatory causes of musculoskeletal pain are typically subacute or chronic, and are 
characterized by swelling, loss of motion, and a subjective sense of stiff ness that is often 
prolonged after periods of inactivity. A relatively rapid onset of joint symptoms in the setting 
of fever, rash, lymphadenopathy, or other systemic complaints should raise concern for an 
infectious process or a systemic infl ammatory disease. Traumatic causes of musculoskeletal 
pain can typically be identifi ed by the sudden onset of symptoms following a fall, a blow, 
or other injury. Repetitive stress injuries, hypermobility arthralgias, and other mechanical 
noninfl ammatory syndromes can be subacute or chronic in onset, but are characterized by 
exacerbation of pain and stiff ness after activity or at the end of a vigorous day, rather than 
upon awakening or after periods of inactivity.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of joint pain should begin by determining whether the disease is 
infl ammatory or noninfl ammatory. Infl ammatory joint disease can result from rheumatic or 
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nonrheumatic causes. Noninfl ammatory diseases may result from trauma, repetitive stress, 
congenital or developmental anomalies, or other mechanical causes.

Rheumatic Diseases
The most common rheumatic disease of childhood is juvenile idiopathic arthritis 
(JIA), previously referred to as juvenile rheumatoid arthritis, which occurs in up to 1 in 
1,000 children worldwide.2 Onset can be from the second year of life through late 
adolescence. Th e oligoarticular subtype is characterized by involvement of 4 or fewer joints, 
typically large joints with asymmetric distribution. Th is subtype has a good long-term 
prognosis, but can cause growth abnormalities, and especially in patients with a 
positive antinuclear antibody it carries an increased risk of eye involvement with iridocyclitis. 
When more than 4 joints are involved, JIA is subtyped as polyarticular, and this form is 
more likely to involve small as well as larger joints. A subset of patients with polyarticular 
JIA have serum IgM rheumatoid factor and typically more symmetric joint disease. Systemic 
onset juvenile arthritis (sometimes called Still disease)3 is marked by high, spiking fevers; 
an evanescent, salmon-pink, maculopapular rash; lymph node, spleen, and liver enlargement; 
anemia; leukocytosis; and other laboratory evidence of pronounced infl ammation. Arthritis 
may not be present at the onset of systemic fi ndings, but should be present for 6 weeks 
or longer to establish the diagnosis of any form of JIA.4 Evaluation and management of 
JIA depends on the subtype present.

Juvenile forms of ankylosing spondylitis or spondyloarthropathy can start with involve-
ment in the large joints of the lower extremities or in the entheses (insertion of a tendon 
or ligament into a bone); at onset, there may be no axial disease. Small joint involvement 
is often asymmetric when present, and dactylitis (sausage digits) can occur if several joints 
and intervening soft tissues in a single fi nger or toe are swollen. Th e classic presentation of 
ankylosing spondylitis includes sacroiliac involvement in late adolescence, and further axial 
disease can progress in adulthood. Severe disease leads to the radiographic fi nding of bamboo 
spine, which is caused by diff use paravertebral fusions resulting in very limited back and 
neck movement. Th e human leukocyte antigen (HLA)-B27 is seen in about 90% of patients 
with ankylosing spondylitis.5 Spondylarthropathies are more common in boys than girls, 
unlike many other forms of juvenile arthritis. A similar pattern of asymmetric large joint and 
sacroiliac disease can be seen in patients with infl ammatory bowel disease. Children with 
psoriasis, or with a fi rst degree relative with psoriasis, may also have a similar presentation, 
with a predisposition for large joints, sacroiliac disease, and occasionally dactylitis.

Several other systemic infl ammatory diseases may cause or be associated with arthritis. 
Systemic lupus erythematosus, more common in girls than boys and infrequently seen 
before adolescence, is a multisystem disease that can involve almost any organ in the body. 
Arthralgias and sometimes arthritis are not uncommon, and may be the presenting symptom. 
Juvenile dermatomyositis is characterized more by skin rashes and muscle infl ammation 
and weakness than joint disease, but can also be accompanied by joint pain or swelling 
in some cases. Sjögren syndrome, scleroderma, and mixed connective tissue disease are 
other connective tissue diseases occasionally seen in children that can cause joint symp-
toms. Systemic autoinfl ammatory syndromes, often referred to as periodic fever syndromes, 
including familial Mediterranean fever, tumor necrosis factor receptor-associated periodic 
syndrome, hyperimmunoglobulin D syndrome, and cryopyrinopathies, are genetic diseases 
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that may be associated with arthritis in addition to recurrent fevers. Kawasaki disease and 
Henoch-Schönlein purpura, along with other types of vasculitis, are also systemic infl am-
matory diseases that can cause arthritis. Many other infl ammatory conditions cause arthritis 
in adults, including sarcoidosis and crystalline arthritis, but these are quite rare in children.

Infectious and Postinfectious Arthritis
Acute bacterial infection of the joint, or septic arthritis, is foremost among this group 
and represents a medical emergency. Th e usual manifestation is the rapid onset of pain 
in a joint, typically accompanied by fever. Th e joint itself is red, warm, swollen, and 
exquisitely tender to palpation or with movement. Th is clinical situation demands 
immediate arthrocentesis for diagnosis and therapy. Analysis of the fl uid for appearance 
(opaque), viscosity (usually low), mucin clot (friable), cell count (>100,000 white blood 
cells/mm3  with at least 80% polymorphonuclear cells), glucose (usually low, much less 
than serum), and protein (high) helps establish the diagnosis. Most important, a por-
tion of the fl uid must be Gram stained to assess for bacterial organisms. Cultures can 
direct defi nitive antimicrobial therapy. In the past, for a child younger than 4 years, 
Haemophilus infl uenzae was the most commonly responsible organism; but with the 
institution of regular immunization, these bacteria are no longer a major consideration 
in septic arthritis. Staphylococcus aureus and Streptococcus species now are more likely 
to be the causative organisms.6 In addition to joint fl uid cultures, blood cultures may 
also yield growth of the organism, occasionally in the absence of a positive joint fl uid 
culture.

Osteomyelitis is an acute infection of the bone. However, when one of the long bones 
next to a joint (eg, the distal femur and knee) is infected, the patient may describe pain 
in the joint, and a sterile eff usion may even be present.7 Although unusual, the bacterial 
infection can directly invade the adjacent joint space from the bone, particularly in young 
children.

Systemic bacterial infections, notably those caused by Neisseria meningitidis and Neisseria 
gonorrhoeae, also can produce arthritis, although the organism is usually not isolated from the 
joint in these cases. After joint aspiration and establishment of at least a strong suspicion of 
a purulent arthritis, the child should be hospitalized and appropriate intravenous antibiotic 
therapy initiated. Prompt, aggressive therapy usually brings about recovery without adverse 
side eff ects, although some foci, such as the hip joint, can remain persistent problems. Because 
of the tenuous blood supply to the femoral capital epiphysis, purulent arthritis of the hip 
can lead to chronic problems despite timely intervention.

Diskitis, a disorder characterized by back pain and tenderness over the spinous process 
contiguous to the involved disk space, causes joint pain, sometimes with low-grade fever, 
but often with none. Staphylococcus aureus has been isolated from the blood and disk space 
in some instances, but often no culture-proven cause can be found. Th e presentation can 
involve sensory and motor complications resulting from nerve root impingement, and an 
epidural abscess must be considered in the diff erential diagnosis.

Borrelia burgdorferi is a tick-borne spirochete responsible for Lyme disease.8 Th e syn-
drome, which was fi rst described in Old Lyme, Connecticut,9 is characterized by an initial 
tick bite that often (but not always) causes a large, circular, spreading, erythematous lesion 
known as erythema migrans. Meningoencephalitis, neuritis, and carditis also may occur. Th e 
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arthritis occurs later in the course as recurrent attacks of infl ammation of the large joints 
(85%–90% of cases involve the knee),10 with each recurrence usually lasting no more than 1 
or 2 weeks. Occasionally, symptoms may persist for several months, and chronic, persistent 
arthritis of the knee has been reported.10 A short course of high-dose amoxicillin therapy 
seems to shorten the course of the rash and perhaps attenuates the arthritis, and nonsteroidal 
anti-infl ammatory drug (NSAID) therapy relieves the symptoms. Specifi c antibiotic regimens 
are suggested for diff erent stages of disease and ages of patients.11 Although a vaccine against 
B burgdorferi was developed and distributed, it was taken off  the market in 2002 and is no 
longer available.11

In addition to bacteria, other infectious organisms can cause joint disease. Viruses, includ-
ing rubella, mumps, varicella, parvovirus, adenovirus, the Epstein-Barr virus, and HIV, 
all can aff ect synovial tissue. Manifestations of the viral syndrome (rash, fever, mucous 
membrane involvement) usually precede joint involvement. Infectious hepatitis, on the 
other hand, can cause arthritis before overt hepatic involvement. Rubella immunization is 
associated with arthralgia and arthritis in as many as 3% of children who receive the vaccine, 
although rarely, if ever, with any sequelae.12 Other less common infections that can involve 
the joints include brucellosis, leptospirosis, tularemia, Rocky Mountain spotted fever, and 
rat-bite fever. Mycobacteria can cause arthritis, as can various fungal agents, particularly in 
immunocompromised individuals.

Reactive arthritis, previously referred to as Reiter syndrome—a triad of urethritis, con-
junctivitis, and arthritis—may appear in children and adolescents. In children, it is often 
triggered by an episode of enteritis.13 Reactive arthritis is more common in boys than in girls, 
and making the diagnosis depends on excluding direct infectious causes of the infl amma-
tion. Th e arthritis predominantly occurs in large joints; again, it is often but not exclusively 
associated with the HLA-B27 class 1 major histocompatibility locus. Th e disorder is treated 
initially with anti-infl ammatory drugs. Most children recover within a few months, although 
some follow a more chronic and relapsing course and can progress to ankylosing spondylitis. 
Transient synovitis of the hip, previously called toxic synovitis, also can cause arthralgia, 
arthritis, or both. Th is generally occurs in preschool or young school-aged children, and has 
a good prognosis. Etiology is unclear, but it may be viral or postviral in nature.14

Acute rheumatic fever is less common than it once was, but is still an important 
consideration in a child with the acute onset of arthritis or arthralgia. Th is follows 
an infection with group A streptococcus, usually pharyngitis, usually and typically by 
about 2 or 3 weeks. Diagnosis is made using the Jones criteria, which include migratory 
arthritis or arthralgias as well as fever, carditis, rash (erythema marginatum), central 
nervous system involvement, subcutaneous nodules, elevated acute phase reactants and 
prolonged PR interval. A distinct condition called poststreptococcal reactive arthritis may 
occur after a streptococcal infection, in the absence of other fi ndings.15 Th e arthritis may 
be more severe, and this may occur sooner after the preceding illness than is the case 
with rheumatic fever.

Noninfl ammatory Causes of Joint Pain
Trauma causing fractures, dislocations, cartilage, ligamentous, or tendon injury, or other soft 
tissue damage are common in children and can cause joint pain, depending on the location 
of the injury. A careful history can usually provide information about the mechanism of the 
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event. Physical abuse (non-accidental trauma) should be considered whenever signs of trauma 
are evident, and accidents that represent neglect on the part of parents or guardians need 
to be recognized and pursued. Any suspicious history or circumstance demands complete 
investigation.

Other more chronic mechanical stressors can lead to subacute arthralgia. Patellofemoral 
pain syndrome, also called chondromalacia patellae, is a common cause of anterior knee pain 
in children and adolescents, and is often bilateral. Knee pain is usually related to activity, and 
the child may report symptoms of “locking” with prolonged sitting, or “giving way” with 
extended standing. Exercises that strengthen the quadriceps femoris and adductor muscles 
can produce marked improvement. Repetitive activities can lead to chronic tendonitis or 
bursitis in periarticular areas, and are common in athletes, dancers, musicians, and other 
children who practice or perform repetitive movements. Stress fractures are uncommon 
in children but should be considered in an athlete with chronic bone or joint pain. Some 
injuries are specifi c to a developmental stage, such as Osgood-Schlatter disease, Sever disease, 
and other forms of apophysitis. Th ese occur only in skeletally immature individuals who 
have either a repetitive or acute injury to the apophysis, which is a secondary ossifi cation 
center to which a tendon attaches, and which is the weakest point of the biomechanical unit. 
Th ese are treated by activity modifi cation, rehabilitation, and analgesia as needed. Slipped 
capital femoral epiphysis is another condition seen only in skeletally immature children, in 
which the capital femoral epiphysis is displaced from the femoral neck. Th is may manifest 
as hip or sometimes thigh or knee pain, and is seen typically in overweight adolescents, and 
is diagnosed by imaging.

Some children experience arthralgias in the lower extremities, termed growing pains, which 
tend to be worse at night. Th ese are not associated with warmth, swelling, or limitation of 
movement of the aff ected joints. Imaging will be normal. Th ese children rarely have pain in 
the mornings, and have normal daytime activities. Symptoms can often be alleviated with a 
bedtime dose of NSAID or acetaminophen. Children with hypermobility syndrome often 
have a similar pattern of pain, worse after activity and improved by rest. Children with this 
disorder have increased joint laxity, and can be diagnosed by the presence of at least 3 of 
the following signs: hyperfl exion of the wrist, bringing the thumb in contact with the volar 
surface of the forearm; hyperextension of the fi ngers to parallel with the forearm; hyperexten-
sion of the elbow to at least �10 degrees; hyperextension of the knee to at least �10 degrees; 
and hyperfl exion of the spine such that with forward fl exion, the palms can be placed fl at on 
the ground with the feet together and without fl exing the knees.16 Some genetic disorders 
of connective tissue, including Marfan syndrome and Ehlers-Danlos syndrome, can cause 
pronounced hypermobility.

In an adolescent with chronic diff use pain and fatigue without evidence of rheumatic 
disease on examination or laboratory studies, juvenile primary fi bromyalgia syndrome should 
be considered. Multiple sets of diagnostic criteria have been published, but these generally 
include widespread pain for several months, presence of specifi c tender points on examina-
tion, and the presence of severe fatigue and nonrestorative sleep.17,18 Th ese children often 
also have headaches, depression or anxiety, a sense of cognitive impairment, numbness or 
tingling or stiff ness in the limbs, irritable bowel symptoms, or other complaints. Treatment 
should be multidisciplinary, and should include patient and family education, exercise, 
and psychological interventions such as cognitive behavioral therapy. Some patients benefi t 
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from medications including non-narcotic analgesics, low-dose tricyclic antidepressants, 
other antidepressants, and �-aminobutyric acid agonists such as gabapentin or pregabalin.

Children who present with localized limb pain, sometimes after an injury but out of 
proportion to examination fi ndings, may have complex regional pain syndrome (CRPS). 
Th e aff ected area should also demonstrate some evidence of autonomic dysfunction such 
as localized edema, increased sweating, or change in temperature or color. As with juvenile 
fi bromyalgia, onset is most common in adolescent girls, and concurrent sleep disruption 
and psychological conditions are also common. Treatment consists of aggressive physical and 
occupational therapy,19 psychological and behavioral therapies, and sometimes pharmaco-
therapy or localized interventions such as nerve blocks.

Other Causes
Hematologic disorders that have articular manifestations include hemophilia and sickle 
cell disease. In the latter disorder, the hand-foot syndrome type of vaso-occlusive crisis is a 
common initial presentation in children between 1 and 4 years of age.

Bone pain can also occur in patients with osteoid osteomas, which are benign bone 
tumors most often seen in older children and teens. Pigmented villonodular synovitis 
is a benign neoplasm of the synovium which can present with joint pain and swelling. 
Leukemia is the most common malignant condition to present with bone or joint pain, 
although lymphoma, neuroblastoma, and Ewing and other sarcomas can also cause these 
symptoms.

 EVALUATION
A complete history is indispensable in the initial assessment of a child with joint pain. Th e 
physical examination can then substantiate or alleviate suspicions raised during the inter-
view. Distinguishing among arthritis, arthralgia, periarticular pain, and myalgia is essential. 
Further testing, including appropriate imaging, can confi rm or further clarify the nature of 
bony or soft tissue abnormalities suspected based on the history and examination fi ndings. 
In some cases, the diagnosis can be reinforced by laboratory testing. Markers of infl amma-
tion, including erythrocyte sedimentation rate, C-reactive protein, and others, are often 
abnormal in infl ammatory conditions. In some cases, appropriate specifi c tests or cultures 
can confi rm a specifi c rheumatic or infectious diagnosis.

 TREATMENT
Management of joint pain that is secondary to an infl ammatory arthritis focuses on subduing 
infl ammation and preserving normal range of motion, strength, and function. NSAIDs are 
often used as initial therapy. In patients with oligoarticular disease, especially those with a single 
persistently active joint, intraarticular corticosteroids can be eff ective. Systemic corticosteroids 
occasionally have a place in therapy of other JIA subtypes, although they are used much less 
often than in the past, and with a goal of limited duration. Methotrexate has come to play a 
central role in the medical management of children with JIA and some other infl ammatory 
conditions who require therapy beyond NSAIDs. Other immunomodulatory agents, such as 
sulfasalazine, lefl unomide, and hydroxychloroquine may also be used in some patients. Many 
patients who have resistant joint infl ammation or high-risk phenotypes benefi t from biologic 
agents, including antitumor necrosis factor alpha agents, IL-1 or IL-6 antagonists, and others.20
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Any child with a bacterial infection of the joint space or bone should be promptly 
identifi ed and treated with intravenous antibiotics. Other infectious causes of arthritis 
may also require treatment, such as those caused by Lyme disease or Neisseria infection. 
Others, such as parvovirus, will generally resolve spontaneously, so treatment is supportive.

In patients with joint pain resulting from trauma, therapy includes rest, ice, NSAIDs, or 
other analgesics,  though any unstable injury should be promptly evaluated by an orthopedist 
to determine the need for external or surgical stabilization. Th ere may also be a role for surgi-
cal treatment of longstanding joint damage resulting from chronic or severe infl ammatory 
arthritis or mechanical derangements, and sometimes surgical interventions are necessary 
for establishing a clear diagnosis, as in synovial biopsy for atypical infections or bone biopsy 
for osteomyelitis.

After arriving at a diagnosis and plan of therapy, the physician must also off er manage-
ment for the psychological aspects of joint disease. In children with ongoing joint problems, 
issues related to chronic pediatric disease must be addressed. Th e child may be unable to 
keep up with peers in physical activity and may be faced with having to make many health 
care visits, resulting in school absences. Many physicians think that environmental stress, in 
addition to the stress caused by the disease, can exacerbate various chronic conditions, and 
such may occur in children with JIA.

Children faced with hospitalization for an acute problem, such as septic arthritis, are 
exposed to all the complications of being taken out of their family and school environment, 
as well as having to deal with an institutional setting. Children with ongoing joint disease, 
even those with only a mild disability, should be provided with the services of a specialized 
social worker, counselor, or psychologist. Family resources (both emotional and fi nancial) 
need to be assessed and support provided when needed. Discussion groups or support groups 
composed of these children and their families can be helpful because they off er an opportu-
nity to compare experiences and coping mechanisms. Attention to the physical dimension 
alone does not provide adequate care in these diseases. A functionally minor disability can 
cause major problems of body image and feelings of lack of independence that must be dealt 
with appropriately. As with other chronic physical disorders of childhood and adolescence, 
long-term psychosocial sequelae also may develop.21

When to Refer

Orthopaedics 
• Fracture
• Ligamentous or cartilage injury to joint
• Continuous pain in a joint with deformity
Rheumatology 
• Suspicion of juvenile arthritis or other rheumatologic disorder
Infectious diseases 
• Septic arthritis
• Lyme disease; other spirochetal infection
• Osteomyelitis
Hematology 
• Sickle cell disease
• Hemophilia
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Gastroenterology 
• Joint symptoms associated with infl ammatory bowel disease
Occupational or physical therapy 
• Joint disease complicated by contractures, weakness, poor function
• Hypermobility syndrome
• Pain amplifi cation syndromes (eg, fi bromyalgia, CRPS)
Mental health 
• Suspicion of somatization or conversion disorder

When to Admit

• Fracture requiring open fi xation or traction
• Systemic onset juvenile arthritis with macrophage activation syndrome
• Septic arthritis
• Osteomyelitis
• Severe sickle cell pain crisis
• Admit to rehabilitation if inadequate response to outpatient occupational or 

physical therapy

TOOLS FOR PRACTICE

Engaging Patient and Family
• What is a Pediatric Rheumatologist? (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/health-management/pediatric-specialists/Pages/
What-is-a-Pediatric-Rheumatologist.aspx)

Medical Decision Support
• Red Book: 2012 Report of the Committee on Infectious Diseases, 29th ed (book), American 

Academy of Pediatrics (shop.aap.org)
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Chapter 49

Learning Diffi culty
Barbara L. Frankowski, MD, MPH

 BACKGROUND AND SIGNIFICANCE
Learning diffi  culties can occur at any age and for a variety of reasons. Th ey invariably cause 
frustration for the child or adolescent, which can lead to or compound behavior problems 
and emotional distress. Th e eff ects of learning diffi  culties, whatever their cause, can be 
profound, with economic and emotional consequences far into adult life. Children who 
do not receive timely intervention are at risk not only for academic failure, but also for the 
psychosocial morbidities that accompany limited academic achievement, such as substance 
abuse and juvenile delinquency.1 Some children with learning diffi  culties are among the 7%2 
of US 15- through 24-year-olds who drop out of school, leading to chronic unemployment, 
poverty, and higher risk of health problems throughout adulthood. Th e drop-out rate is 
higher among minority populations of black non-Hispanics (8%) and Hispanics (22.5%) 
than white children.2 Clearly, learning diffi  culties are an important concern for primary care 
physicians providing services to children and adolescents.

 PRIMARY CARE PHYSICIAN’S ROLE
It is the primary care physician’s role to recognize that a child is experiencing diffi  culty 
in learning, to help the family sort out the cause of the child’s learning diffi  culties, to 
identify referral sources for psychological and educational assessment, to ensure that the 
child receives the educational resources he or she needs and is entitled to, to address any 
medical or mental health problems that may be associated with the child’s learning dif-
fi culties, and to guide the family in advocating and providing a supportive environment 
for the child.

 RECOGNITION OF CHILDREN WITH LEARNING DIFFICULTIES
Th e primary care physician has opportunities at routine health supervision visits to elicit 
parental concerns, to monitor children’s developmental progress and functioning, and to 
screen for developmental delays and symptoms of social and emotional problems. Th e phy-
sician may also receive referrals from childcare or school personnel who have observed that 
the child has diffi  culty learning compared with his or her peers or is experiencing behavioral 
problems in the classroom. Th ere may be a family history of learning problems, compound-
ing concerns about the child’s progress in learning. Box 49-1 and Table 49-1 for signs and 
symptoms that a child is experiencing learning diffi  culties.
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 CAUSES OF LEARNING DIFFICULTIES
Lack of School Readiness
Some young children experience diffi  culties in learning because they are not yet ready for 
the school experience, socially, emotionally, or physically; because they do not have language 
and literacy skills comparable with their peers; or because their family or culture does not 
value their education. Box 49-2 outlines the specifi c traits a child should ideally possess in 
order to be ready for school, and Box 49-3 identifi es key family and community supports 
for preparing a child for school.

Finally, many schools are not prepared to educate children with the full range of abilities 
and disabilities. Measurement of children’s readiness for kindergarten should be used to 
assess the eff ectiveness of community-based programs and to prepare schools to meet the 
child’s ongoing needs, rather than to exclude or delay children from their formal educational 
experience.3 Box 49-4 highlights key elements of schools that are ready for children.

Table 49-1
Findings Suggesting Learning Diffi culty

MEASUREMENT SCORE 

End-of-grade test scores or 
achievement test scores

Percentiles are low (�15%) or markedly scattered, or the child is 
performing considerably less well than would be expected for his 
or her intelligence.

Report cards Grades are low or markedly scattered.

Intelligence tests Percentiles are within the normal range or signifi cantly higher 
than measures of academic achievement.

Box 49-1

Symptoms and Clinical Findings Suggesting 
Learning Diffi  culties
INDICATIONS FROM YOUTH’S 
OR PARENT’S HISTORY 

• Child has experienced a delay in language 
development or has diffi  culty understanding 
language despite normal hearing and vision.

• Child has diffi  culty following directions.
• Child has diffi  culty learning letters, num-

bers, and colors.
• Child has struggled to read, grasp math 

concepts, or write in comparison with her 
peers.

• Letter reversals (b/d), inversions (m/w), 
transpositions (felt/left), substitutions 

(house/home), or confusion of arithmetic 
signs persist past peers.

• Child avoids reading aloud, writing, or 
homework.

• Child or parent is frustrated with the 
child’s academic performance.

• Parent perceives child is “lazy” in school.
• Child is perceived as an “underachiever.”
• Classroom behavior or inattention has be-

come a problem.
• Other family members have experienced 

learning diffi  culties or did not complete 
high school.
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Box 49-2

Traits for School Readiness 
• Physical well-being and motor development: 

good health status and alertness; any physical 
disabilities identifi ed and accommodated

• Social and emotional development: turn-
taking, cooperation, empathy, and the 
ability to express his or her own emotions

• Approaches to learning: enthusiasm, curiosity, 
family and cultural values supportive of 
learning

• Language development: skills in under-
standing and speaking the language spoken 
in the classroom; adequate vocabulary and 
other literacy skills, including print aware-
ness, story sense, and writing and drawing 
processes

• General knowledge and cognition: sound-
letter association, awareness of spatial 
relations, and number concepts 

Box 49-3

Preparing the Child for School: Key Elements 
• At least a high school education or 

equivalent for parents
• High-quality prenatal health care for the 

mother
• Optimal nutrition for mother and child
• Comprehensive health care for the child
• Daily physical activity

• Daily time with parent in learning activities 
(eg, reading, conversation, family meals)

• Access to high-quality preschool for 
children in impoverished environments

• Access to programs for children and parents 
who speak English as a second language 

Box 49-4

Preparing the School for the Child: Key Elements 
• High-quality preschools for children in 

impoverished environments
• Programs and teacher training for children 

of all ability levels
• Preschool screening of children aimed at 

measuring the outcome of their preschool 

programs and at identifying and addressing 
students’ needs (not at excluding children 
or delaying their school entry) 

Medical, Mental Health, and Developmental Problems
Learning diffi  culties may also be caused by cognitive limitations, a language or learning dis-
order; vision or hearing impairment; behavioral and emotional problems; a chronic disease 
that aff ects the child’s concentration, interpersonal relationships, or school attendance; sleep 
deprivation; or medication aff ecting concentration or alertness. See Table 49-2 for a listing 
of problems that can cause or co-occur with learning diffi  culties.
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Table 49-2
Conditions That May Cause Poor School Performance 

or Co-occur With Learning Diffi culties
CONDITION RATIONALE 

Hearing or vision problems All children who are experiencing learning diffi culties should be 
screened for sensory defi cits.

Sleep deprivation Sleep problems can cause inattention and irritability and contribute 
to poor school performance; conversely, poor school performance 
and homework struggles may contribute to diffi culty sleeping.

Developmental problems Children with overall intellectual or social limitations will learn 
more slowly than their age-mates. Children with low achievement 
and low intellectual levels often have the same problems as 
children with learning disabilities.

Attention-defi cit/hyperactivity 
disorder (ADHD)

Children who are inattentive or impulsive may manifest poor 
academic performance. They may have problems with getting the 
work completed and turned in, rather than skill defi cits. Conversely, 
children experiencing academic diffi culties may seem restless and 
inattentive. See Chapter 45, Inattention and Impulsivity.

Exposure to adverse childhood 
experiences (ACE)

Children who have experienced or witnessed trauma, violence, 
a natural disaster, separation from a parent, parental divorce or 
separation, parental substance use, neglect, or physical, emotional, 
or sexual abuse are at high risk of developing emotional diffi cul-
ties such as adjustment disorder or post-traumatic stress disorder 
(PTSD). Children with PTSD can manifest poor concentration, 
memory problems, school refusal, and academic decline. These 
children may also manifest other forms of anxiety. Physicians may 
want to consider speaking separately and confi dentially with the 
youth and parents to explore this possibility. Parents are often un-
aware of exposures that children may have had at school or in the 
community. There may be major traumas in the family (eg, serious 
illness in a parent, maltreatment of the child, death or incarceration 
of a loved one) that are similarly not discussed or disclosed. The 
3 hallmark symptom clusters of PTSD are reexperiencing, avoidance 
of memories or situations that recall the trauma, and hypervigilance 
(ie, increased worry about safety, startling or anxiousness at unex-
pected sounds or events). See also Chapter 6, Anxiety.

Anxiety Anxious children may experience diffi culty concentrating and 
perform poorly on tests. See Chapter 6, Anxiety.

Bereavement Most children will experience the death of a family member or 
friend sometime in their childhood. Other losses may also trigger 
grief responses—separation or divorce of parents, relocation, 
change of school, deployment of a parent in military service, 
breakup with a girlfriend or boyfriend, or remarriage of parent. 
Such losses are traumatic. They may result in such symptoms as 
sadness, anxiety, diffi culty concentrating, poor impulse control, 
or academic decline immediately following the loss and in some 
instances, more persistently. See also Chapter 14, Depression, and 
the discussion of PTSD in Chapter 6, Anxiety.

Depression Depression may cause a decline in school performance, result 
from poor school performance, or simply coexist with learning dis-
abilities. Marked sleep disturbance, disturbed appetite, low mood, 
or tearfulness could indicate that a child (or more commonly, an 
adolescent) is depressed. See Chapter 14, Depression.
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Learning Disabilities
Rarely diagnosed before a child enters school, learning disabilities (LDs) represent a broad 
array of specifi c learning challenges that signifi cantly impede a child’s ability to perform 
at the expected grade level. Th ey generally occur in the context of normal sensory func-
tioning and otherwise normal cognitive capabilities and, by defi nition, are not the result 
of a primary emotional disorder or lack of opportunity (although frustration and low 
self-esteem associated with LDs may contribute to development of problems such as 
anxiety, depression, or oppositionality). Learning disabilities are clearly familial, with 
genetics contributing substantially to a child’s risk.4 It is estimated that between 5% and 
17.5% of individuals meet diagnostic criteria for LDs and approximately 2 million US 
schoolchildren aged 6 to 11 years are aff ected.5 Eighty percent of those identifi ed have 
dyslexia or a reading disorder. 

 ASSESSMENT OF CHILDREN WITH LEARNING DIFFICULTIES
Assessment begins by diff erentiating the child’s symptoms from normal behavior. Children 
learn at diff erent rates. Typically developing children younger than 7 years may reverse and 
transpose letters and experience some frustration with new learning tasks, particularly if the 

Table 49-2
Conditions That May Cause Poor School Performance 

or Co-occur With Learning Diffi culties
CONDITION RATIONALE

Physical illness Medical issues that may have an effect on school performance 
include all illnesses that may interfere with the child’s attendance. 
Some illnesses (or symptoms caused by the illnesses) can affect 
attention in the classroom (eg, hypo- or hyperthyroidism, neuro-
logic disorders, post-traumatic brain injury, undiagnosed diabetes), 
as can side effects of medications such as bronchodilators or 
anticonvulsants.

Substance use Children frustrated with their school performance may use sub-
stances such as alcohol, nicotine, or other drugs to alleviate their 
frustrations, or self-medicate with caffeine or cocaine. Conversely, 
children using substances may manifest inattention, impulsivity, 
and deteriorating school performance. See Chapter 75, Substance 
Use: Initial Approach in Primary Care.

Conduct or oppositional 
disorders

These disorders may cause poor academic performance, and frus-
tration with poor academic performance can exacerbate conduct 
or oppositional problems. See Chapter 16, Disruptive Behavior and 
Aggression.

Autism spectrum disorders in-
cluding high-functioning autism, 
which was formerly known as 
pervasive development disor-
der, and Asperger syndrome 

Children who have these diffi culties also have problems with social 
relatedness (eg, poor eye contact, preference for solitary activities, 
language [often stilted], and range of interests [persistent and 
intense interest in a particular activity or subject]). They often will 
have very rigid expectations for routine and become anxious or 
angry if these expectations are not met. As such, these children 
may manifest diffi culties in the classroom and many of the 
symptoms associated with learning disorders.

—cont’d
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child has had limited preschool experience or other children in the classroom have had more 
exposure to formal school experiences. Many children will have 1 or more of the symptoms 
in Box 49-1 from time to time. Children who have missed school for an illness, changed 
schools, or experienced a signifi cant loss may experience transient problems with school 
functioning. Some parents have unrealistic expectations, based on their own learning experi-
ences or that of older siblings or children of friends.

It is important to explore sources of stress in the family, school, or community, as any of 
these can cause inattentiveness and distraction in the child.

A full physical and psychosocial assessment of the child will serve to identify conditions 
that can cause or co-occur with learning diffi  culties (Table 49-2).

Two categories of medical risk deserve special attention: prematurity and cyanotic 
congenital heart disease. Premature infants are at signifi cantly higher risk for global devel-
opmental delays and for LDs.6 In particular, children born at less than 32 weeks’ gestation 
or who experience perinatal and postnatal complications such as prolonged ventilation, 
intracranial hemorrhage, sepsis, seizures, prolonged acidosis, or hypoglycemia are at higher 
risk for neurodevelopmental sequellae. Similarly, children surviving severe congenital 
cardiac anomalies are at high risk for LDs.7 Several genetic disorders have been linked to 
risk for various forms of LD. In particular, children with Klinefelter syndrome, Turner 
syndrome, velocardiofacial syndrome, and spina bifi da with shunted hydrocephalus have 
all been shown to be at signifi cant risk for LDs.8 When 1 of these risk factors is identi-
fi ed, the physician should have a low threshold to refer for psychological and educational 
assessment.

Adolescents who present with learning diffi  culties are a particular challenge for the pri-
mary care physician. An adolescent who has been progressing normally with academics may 
suddenly develop learning diffi  culties. It is possible that the adolescent may have a mild 
learning disability for which he or she has compensated in lower grades, but which is now 
causing diffi  culty in meeting the more rigorous demands of middle or high school. Together 
or separately, the adolescent may have mild attentional problems that have not required any 
special intervention up until this point. However, it is also possible that the adolescent has 
other problems causing or contributing to learning diffi  culties, such as inadequate amounts 
of sleep, poor nutrition, inadequate physical activity, anxiety, depression, or substance abuse. 
Th e adolescent could also, or alternatively, be struggling with issues of sexual orientation 
or bullying that cause stress in the school environment. It is important to consider all these 
possibilities when assessing an adolescent with learning diffi  culties.

To further the assessment of any child or adolescent with learning diffi  culties, the physician 
can communicate with school personnel (eg, guidance counselor, classroom teacher, school 
psychologist) to request data and observations such as the following:
• Intelligence testing: School personnel may be willing to administer a cognitive screening 

test or, if there are apparent discrepancies between intelligence and academic achievement, 
a full battery of psychological tests.

• Achievement testing: School personnel can provide a screening test or reports of 
achievement or end-of-grade tests.

• Full psychoeducational evaluation: School psychologist or community psychologist 
may provide, by referral.

• School placement and special services.
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• Individualized Educational Program (IEP) or 504 plan, if in place.
• History of academic progress, behavior and discipline, and peer interactions.

Use of additional instruments such as the Vanderbilt ADHD Rating Scale (see Tools for 
Practice) and general psychosocial screens [Pediatric Symptom Checklist (PSC)-35, PSC-17, 
Strengths and Diffi  culties Questionnaire (SDQ)] can be used to identify children who may 
have psychosocial problems contributing to their learning diffi  culties.

 PLAN OF CARE FOR CHILDREN WITH LEARNING 
DIFFICULTIES

Th e care of a child experiencing learning diffi  culties can begin in the primary care setting from 
the time symptoms are recognized, even if the child’s problems do not rise to the level of a dis-
order or referral to the school or to a mental health specialist is ultimately part of the care plan.

Engage Child and Family in Care
Without engagement, most families will not seek or persist in care. Th e process may require 
multiple primary care visits.

Reinforce strengths of the youth and family as a method of engagement and identify 
any barriers to addressing the problem (eg, stigma, family confl ict, resistance to aca-
demic testing or special education). Use “common factors” techniques9 to build trust 
and optimism, reach agreement on incremental next steps, develop a plan of care, and 
collaboratively determine the role of the primary care physician. Regardless of other 
roles, the primary care physician can encourage a positive view of treatment on the part 
of the youth and family.

Encourage Healthy Habits
Encourage exercise, outdoor play, balanced and consistent diet, sleep (critically important to 
mental health), avoidance of exposure to frightening or violent media, limitation of screen 
time to less than 1 to 2 hours per day, special time with parents, acknowledgment of child’s 
strengths, and special eff orts to support the child and help him or her to feel competent, 
special, positive, and appreciated.

Reduce Stress
Consider the child’s social environment (eg, family social history, parental depression screening, 
results of any family assessment tools administered, reports from child care or school). Questions 
to raise might include the following:

Is the parent punitive or critical? If parents’ psychosocial problems are aff ecting their rela-
tionship with the child, explore their readiness to address these problems as part of helping 
their child. Encourage praise for their child’s eff orts. Urge parents to avoid comparisons with 
siblings or peers and to keep up the child’s self-esteem. Urge parents to nurture the child’s 
nonacademic gifts, such as art or music, and encourage participation in extracurricular activi-
ties that provide social experiences uncomplicated by academic performance and competition 
(eg, scouts, faith-based youth group, boys’ or girls’ club).

Are there battles over homework? Advise parents that the child is not lazy. Provide guid-
ance about helping with homework (and requesting modifi ed assignments, as appropriate). 
See Box 49-5 on Guidelines for Homework Battles.
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Is the child exposed to criticism or teasing at school? Is the child’s teacher supportive and patient? 
Provide strategies for communication between school personnel and home; coach them to 
praise progress and eff ort, not just outcomes, and to address teasing or bullying.

Are school authorities proceeding with assessment in accordance with the child’s rights? Inform 
parents about the child’s rights under the Individuals with Disabilities Education Act (IDEA) 
and Section 504 of the Rehabilitation Act. It is important to obtain information about how 
these 2 acts are specifi cally implemented in your state and school districts. If a child has a 
learning disability, he or she qualifi es for specialized educational services, and IDEA requires 
that the school develop an Individual Education Plan (IEP). Th e IEP documents the child’s 
current level of functioning, establishes goals, and delineates the services needed to meet 
those goals in the least restrictive environment possible. Th e parent is entitled to meet with 
school personnel to review and approve the IEP. If the child does not qualify for special-
ized educational services but has minor challenges that can be helped by minor classroom 
modifi cations (eg, preferential seating, homework modifi cations), the school may develop 
a 504 plan for the child. If the parent is dissatisfi ed with the school’s response to the child’s 
needs, there is an appeal process within the school system.

If the school is not adequately addressing the child’s needs, the physician may off er 
referral to a community mental health professional such as a psychologist or developmental-
behavioral pediatrician, or an educational tutor. Results of this assessment may provide 
support for the parent’s advocacy eff orts in the school system or may guide the family in 
developing tutorial assistance for the child.

Whatever interventions are planned, it is important to acknowledge and reinforce pro-
tective factors (eg, good relationships with at least 1 parent or important adult, pro-social 
peers, concerned or caring family, help-seeking, and connection to positive organization[s]).

Box 49-5

Guidelines for Homework Battles
• Establish a routine (not waiting until evening 

to get started).
• Identify another student your child can 

call to clarify homework assignments.
• Limit distractions (eg, TV, computer, 

phone).
• Assist child in dividing assignments into 

small, manageable segments (especially 
important for long-range assignments and 
large projects).

• Assist child in getting started (eg, read 
directions together, watch child complete 
fi rst items).

• Monitor without taking over.
• Praise good eff ort and completion of tasks.
• Do not insist on perfection.

• Off er incentives (“When you’ve fi nished, 
we can…”).

• Help child study for tests.
• Do not force child to spend excessive time 

on homework; write a note to the teacher 
if the child put forth good eff ort but was 
not able to complete it.

• If child fails to turn in completed work, 
develop a system with the teacher to collect 
it on arrival.

• If unable to provide homework supervision 
and assistance, or if homework battles are 
adversely aff ecting the parent-child rela-
tionship, ask the teacher for help fi nding 
a tutor.
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Offer Initial Interventions
Th e strategies described below are applicable to the care of children with mild or emerging 
learning diffi  culties, as well as diagnosed learning disorders. Th ey can also be used as initial 
primary care management of children with learning diffi  culties while readying children for 
further assessment or educational services or awaiting access to evaluation and treatment.

Address comorbid conditions. 
If there are battles over homework, off er guidelines to parents. Box 49-5 provides guidelines 

for parents to address homework battles.

Provide Resources
Families may fi nd the National Center for Learning Disabilities (www.ncld.org) a helpful 
source for information and support. Parents with questions about special education law 
may wish to consult a dedicated resource like Wrightslaw (www.wrightslaw.com). Helpful 
brochures, publications, and Web sites are included in Tools for Practice: Engaging Patient 
and Family.

Monitor the Child’s Progress Toward Educational Goals
School reports can be helpful in monitoring progress. Screening instruments that gather 
information from multiple reporters (youth, parent, teacher), such as the SDQ, can be 
helpful in monitoring progress with symptoms and functioning.

Involve Specialist(s)
Involve education or mental health specialist(s) if child does not respond to initial interventions 
or if indicated by the following clinical circumstances:
• Th e child or parent is very distressed by the symptom(s).
• Th ere are co-occurring behavior problems not responsive to primary care management.
• School evaluation is incomplete or untimely.
• Parent’s relationship with school is adversarial.
• Child and family have confl icts not responsive to primary care management.
• Parent is very negative toward child or unresponsive to primary care guidance.

Consider seeing a geneticist for a diagnostic genetic workup if there are persistent concerns 
that interventions are not producing results.

Reach agreement on respective roles in the child’s care. Th e primary care physician may be 
responsible for advising the family about the child’s rights under IDEA; reducing stresses on 
the child while awaiting further assessment and treatment; engaging and encouraging the 
child’s positive view of his or her evaluation and specialized instruction; monitoring academic 
progress; observing for and addressing any comorbidities; and coordinating care provided 
by parents, school, medical home, and specialists. Resources available to help physicians in 
this role are provided in Tools for Practice. Th e primary care physician may also review with 
the family whether the child’s school interventions are evidence-based ones, or refer to a 
developmental-behavioral pediatrician who is more knowledgeable in this area.

TOOLS FOR PRACTICE
Engaging Patient and Family
• Individualized Education Program (IEP) Meeting Checklist (handout), American Academy 

of Pediatrics (www.brightfutures.org/mentalhealth/pdf/families/mc/iep.pdf )

http://www.ncld.org
http://www.wrightslaw.com
http://www.brightfutures.org/mentalhealth/pdf/families/mc/iep.pdf
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• Learning Disabilities: What Parents Need to Know (handout), American Academy of 
Pediatrics (www.healthychildren.org/English/health-issues/conditions/learning-disabilities/
Pages/Learning-Disabilities-What-Parents-Need-To-Know.aspx)

• Reading for Children: Grades 1–6 (handout), American Academy of Pediatrics (www.
brightfutures.org/mentalhealth/pdf/families/mc/grades.pdf )

• Your Child’s Mental Health: When to Seek Help and Where to Get Help (handout), American 
Academy of Pediatrics (patiented.solutions.aap.org)

Medical Decision Support
• Th e LD Navigator (Web site), National Center for Learning Disabilities (ldnavigator.

ncld.org)
• Practice Parameters (Web page), American Academy of Child & Adolescent Psychiatry 

(www.aacap.org/cs/root/member_information/practice_information/practice_parameters/
practice_parameters)

• Vanderbilt ADHD Rating Scale (scale), (www.brightfutures.org/mentalhealth/pdf/
professionals/bridges/adhd.pdf )

AAP POLICY STATEMENTS

Adams RC, Tapia C; American Academy of Pediatrics Council on Children With Disabilities. Clinical 
report: early intervention, IDEA Part C services, and the medical home: collaboration for best practices and 
best outcomes. Pediatrics. 2013;132(4):e1073–e1088 (pediatrics.aappublications.org/content/132/4/e1073)

American Academy of Pediatrics Section on Ophthalmology, Council on Children with Disabilities; American 
Academy of Ophthalmology; American Association for Pediatric Ophthalmology and Strabismus; American 
Association of Certifi ed Orthoptists. Joint statement: learning disabilities, dyslexia, and vision. Pediatrics. 
2009;124(2):837–844. Reaffi  rmed July 2014 (pediatrics.aappublications.org/content/124/2/837)

American Academy of Pediatrics Council on Children With Disabilities, Medical Home Implementation 
Project Advisory Committee. Patient- and family-centered care coordination: a framework for integrat-
ing care for children and youth across multiple systems. Pediatrics. 2014;133(5):e1451–e1460 (pediatrics.
aappublications.org/content/133/5/e1451)

American Academy of Pediatrics Council on Children With Disabilities. Provision of educationally 
related services for children and adolescents with chronic diseases and disabling conditions. Pediatrics. 
2007;119(6):1218–1223 (pediatrics.aappublications.org/content/119/6/1218)

Handler SM, Fierson WM; American Academy of Pediatrics Section on Ophthalmology and Council on 
Children With Disabilities, American Academy of Ophthalmology, American Association for Pediatric 
Ophthalmology and Strabismus, American Association of Certifi ed Orthoptists. Joint technical report: 
learning disabilities, dyslexia, and vision. Pediatrics. 2011;127(3):e818–e856 (pediatrics.aappublications.
org/content/127/3/e818)

Moeschler JB, Shevell M; American Academy of Pediatrics Committee on Genetics. Clinical report: 
comprehensive evaluation of the child with intellectual disability or global developmental delays. Pediatrics. 
2014;134(3):e903–e918 (pediatrics.aappublications.org/content/134/3/e903)
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Chapter 50

Limp
Ginger Janow, MD; Norman T. Ilowite, MD

Limp is a common presenting complaint in both pediatric primary care offi  ces and emer-
gency departments. While the most common cause of limp is trauma, there are many 
other etiologies, ranging in severity from benign to life-threatening. Limp is defi ned as 
an abnormal gait pattern. Distinguishing a limp in a young child can be particularly 
challenging as the mature gait cycle does not fully develop until after 7 years of age.1

 DIFFERENTIAL DIAGNOSIS
General
Th e diff erential diagnosis of a limp is broad, and is best considered as 7 categories: trauma, 
vascular, infectious, malignancy or tumor, skeletal anomalies, infl ammatory diseases, and 
neuromuscular disorders.

Trauma
Th e most common cause of limp is trauma. If the history and physical examination sug-
gest a fracture, ligament damage, or tendon damage, the patient should be referred to an 
orthopedist. Otherwise, rest, ice, compression, elevation, and analgesics are the mainstays of 
therapy. Radiographic evaluation should be guided by the history and physical examination.

Vascular
Legg-Calvé-Perthes disease is characterized by avascular necrosis of the femoral head. 
Most often seen in the 5- to 10-year-old age group, it is more common in boys than girls. 
Patients generally present with groin or referred knee pain and an antalgic limp, with 
increased pain on activity. On examination, they generally have pain and limitation upon 
internal hip rotation. Early in the course, plain radiographs may be normal or may show 
increased density of the femoral head on the aff ected side, but later will show subchondral 
lucency, and ultimately, collapse and destruction of the femoral epiphysis (Figure 50-1). 
Once the diagnosis is suspected, pediatric orthopedics should be consulted for further 
workup and management.

Osteochondritis dissecans is the result of ischemia of the subchondral bone and can 
occur in multiple joints, although the knee is the most common. It generally occurs in 
adolescents, and most often presents with knee pain, swelling, and the sensation of the knee 
giving way. On physical examination, there is often joint swelling and pain on motion. 
Plain radiographs reveal a radiolucent zone separating the osteochondral fragment from 
the rest of the bone.



Signs and Symptoms in Pediatrics620

Infectious
Septic arthritis, or infection within the joint space, is among the most emergent causes of 
a limp, requiring rapid identifi cation and treatment to avoid long-term damage and disabil-
ity. Th e 2 peaks in incidence are in the toddler years and in adolescence. In most cases, the 
onset of pain is rapid and is accompanied by a fever and refusal to bear weight. On physical 
examination, the joint is generally swollen, warm, tender, and extremely painful with range 
of motion. If a septic joint is suspected, laboratory evaluation should include evaluation of 
synovial fl uid (with Gram stain, culture, and cell count), blood culture, complete blood 
count (CBC), sedimentation rate (ESR) and C-reactive protein (CRP). Plain radiographs 
may reveal a joint eff usion. An ESR of less than 20 mm/hr or a normal CRP lowers the 
likelihood of a serious infectious cause but does not exclude the diagnosis of skeletal infec-
tion.2 Etiologic agents are isolated in the blood or synovial fl uid in 34% to 82% of cases.3 
Synovial fl uid generally reveals an elevated white blood cell count with increased segmented 
neutrophils (Table 50-1).

In the toddler age group, the most common organisms are Staphylococcus aureus, Kingella 
kingae, and in young infants. Haemophilus infl uenzae type b (Hib) previously accounted 
for 70% of cases of septic arthritis in children from 2 months to 2 years of age, but this 
pathogen has been virtually eradicated following universal Hib vaccine implementation. 
Group B streptococcus is the most common cause of invasive bacterial infection in infants 
less than 2 months of age, and both bone and joint infection can occur. In the adolescent 
age group, S aureus is still the most common pathogen, but gonococcal arthritis should be 
considered in the sexually active teen. If septic arthritis is suspected, orthopedics should 
be consulted for joint aspiration and drainage should be promptly performed in cases of 
hip or shoulder infection. Gram stain and culture, when positive, should guide antibiotic 
management.

Figure 50-1
AP pelvis in an 8-year-old boy with right hip pain and limp. Right femoral head epiphysis shows loss of 
height and mixed sclerotic and lytic appearance (arrows) of Legg-Calvé-Perthes disease. (From Barkin 
RM, Barkin SZ, Barkin AZ. The limping child. J Emerg Med. 2000;18[3]:331–339. Copyright © 2000, Elsevier, 
with permission.)
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Osteomyelitis is most common in the toddler age group but can be seen in all age 
groups, and is usually caused by the same organisms responsible for septic arthritis. Th e 
pathogenesis of infection is generally hematogenous seeding, but osteomyelitis may fol-
low penetrating trauma or deep contiguous infection as may occur with decubitus ulcers. 
Involvement of long bones is most common; femur or tibia are the 2 most common 
sites reported. Patients often present with fever, pain in the aff ected extremity and limp, 
and may report preceding trauma. Physical examination fi ndings are dependent upon 
the location of the infection, but point tenderness over the bony metaphysis is highly 
suggestive of osteomyelitis in the child with limp. Plain radiographs are often negative 
upon presentation, but generally show abnormalities 10 to 21 days after onset. Magnetic 
resonance imaging (MRI) scan may be diagnostic and should be used to guide surgical 
drainage if subperiosteal abscess is suspected. Laboratory evaluation is similar to that for 
septic arthritis. An orthopedist must be involved in the management, and input from an 
infectious diseases specialist is often helpful in the choice of antibiotic treatment. S aureus 
is far and away the most common pathogen associated with hematogenous osteomyeli-
tis in children. Pseudomonas aeruginosa is a notable pathogen following nail puncture 
wounds involving the foot. Of note, children with sickle cell disease are especially at risk 
for osteomyelitis, and Salmonella is more often the responsible agent than Staphylococcus.

Diskitis, a relatively rare infection of the disk space, is most common in toddlers. Patients 
usually have a limp, or refuse to walk, sit, or perform any motion that requires range of 
motion of the aff ected region of the spine. Physical examination reveals pain over the involved 
disc space and decreased range of motion of the spine. Th e child generally does not seem ill 
or febrile, but may have increased infl ammatory markers. Th e causative organism is usually 
Staphylococcus aureus, and treatment includes antibiotics and rest.4

Table 50-1
Characteristics of Synovial Fluid

GROUP AND CONDITION COLOR AND CLARITY VISCOSITY WBC COUNT PMN (%)

Noninfl ammatory 

Normal Yelllow and clear Very high �200 �25

Traumatic arthritis Xanthochromic and turbid High �2,000 �25

Osteoarthritis Yellow and clear High 1,000 �25

Infl ammatory 

Systemic lupus 
erythematosus

Yellow and clear Normal 5,000 10

Rhematic fever Yellow and cloudy g 5,000 10–50

Chronic arthritis Yellow and cloudy g 15,000–20,000 75

Reactive arthritis Yellow and opaque g 20,000 80

Pyogenic 

Tuberculosis arthritis Yellow-white and cloudy g 25,000 50–60

Septic arthritis Serosanguineous and turbid g 50,000–300,000 �75

From Petty RE, Cassidy JT. Chronic arthritis in childhood. In: Cassidy JT, Laxer RM, Petty RE, Lindsley CB. 
Textbook of Pediatric Rheumatology. 6th ed. Philadelphia, PA: Elsevier Saunders; 2011, with permission.
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Malignancy or Tumor
Leukemia presents with musculoskeletal pain in 15% to 30% of cases, and is most common 
in the 2- to 5-year-old age group.5 Th e limp is usually accompanied by systemic symptoms, 
including fever, pallor, and fatigue. History will often reveal pain that wakes the patient from 
sleep and is generally out of proportion to fi ndings on clinical examination.6 On physical 
examination, the child may have frank arthritis, bone tenderness, or bone pain. Laboratory 
evaluation will often show an abnormally high or low WBC count with anemia and throm-
bocytopenia. Th rombocytopenia and night waking can help diff erentiate malignancy from 
systemic juvenile idiopathic arthritis, which can also manifest as joint pain with systemic 
symptoms.6 Plain radiographs may reveal leukemic lines, which appear as metaphyseal scle-
rotic bands, and osteopenia.

Osteosarcoma is a malignant tumor seen primarily in adolescents. Patients often 
report night waking with pain and have tenderness at the aff ected site. Plain fi lms gener-
ally show an abnormality in the bone, most often in the metaphyses of long bones. Once 
osteosarcoma is suspected, the patient should be immediately referred to a pediatric 
oncologist.

Osteoid osteoma is a benign tumor seen throughout childhood and adolescence. Patients 
typically have localized pain that is worse in the evenings and responds dramatically to 
nonsteroidal anti-infl ammatory drugs. If left untreated, the tumor can cause asymmetric 
limb growth. Plain radiographs typically reveal cortical thickening and sclerosis with a less 
than 1 cm radiolucent nidus (Figure 50-2). However, the nidus is not visible on plain 
radiographs in 15% of cases.7 Th erefore, if the index of suspicion is high, computed tomog-
raphy (CT), MRI, or bone scan should be pursued to establish the diagnosis.

Figure 50-2
Osteoid osteoma. Views of the midshaft of the femur demonstrate a dense sclerotic lesion with 
cortical thickening containing a small oval lucent nidus (arrow). (From Eisenberg RL. An Atlas of 
Differential Diagnosis. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. Copyright © 2003 
Lippincott Williams & Wilkins.) 
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Skeletal Anomalies
Congenital hip dysplasia is most commonly diagnosed in infancy but can manifest as a delay 
in walking or as an abnormal gait in the toddler age group. On physical examination, there 
is typically decreased abduction and extension of the aff ected hip with 1-sided toe walking 
to compensate for an apparent leg-length discrepancy. Beyond infancy, the anomaly is visible 
on standing radiograph (Figure 50-3). In the newborn period an ultrasound is generally 
diagnostic. Treatment after the newborn period generally requires surgical intervention, and 
referral to a pediatric orthopedist is necessary.

Discoid meniscus is a condition most commonly seen in school-aged children, in which 
the lateral meniscus is discoid rather than crescent-shaped. Patients often report pain with 
activity. On physical examination, the physician may notice swelling of the knee or the 
inability to fully extend the knee, as well as tenderness along the lateral joint line. Plain 
radiographs are normal and MRI is required for diagnosis.

Tarsal coalition, or abnormal ossifi cation between the talus or navicular and calcaneus, 
generally occurs in adolescents and is often associated with foot pain. Th e physical exami-
nation reveals a stiff , fl at foot in eversion with contracture of the peroneal muscles. Tarsal 
coalition can often be diagnosed on oblique radiographs of the ankle joint; however, if the 
plain radiograph is negative but there is a high index of suspicion, CT may be diagnostic.8 
Management initially involves rest but may involve surgery in severe cases.

Slipped capital femoral epiphysis (SCFE) most commonly occurs in the 10 to 16 year age 
group and is more common in black than Hispanic children, and more common in Hispanic 
than white children. Obese adolescent males have a higher rate of SCFE as do children with 
hypothyroidism, low growth hormone level, pituitary tumors, craniopharyngioma, Down 
syndrome, renal osteodystrophy, and adiposogenital syndrome. It occurs when the femoral 

Figure 50-3
AP pelvis in a 14-month-old girl with an abnormal gait and diffi culty walking. The left proximal femur is 
displaced superolaterally. The white arrow shows a small capital femoral epiphysis. The black arrow shows 
a steep acetabular roof. The patient had previously unrecognized developmental dysplasia of the left hip. 
Contrast in the bladder is from a voiding cystourethrogram. (From Barkin RM, Barkin SZ, Barkin AZ. The 
limping child. J Emerg Med. 2000;18[3]:331–339. Copyright © 2000, Elsevier, with permission.)



Signs and Symptoms in Pediatrics624

epiphysis slides posteriorly, resulting in limited internal rotation of the hip. Symptom onset can 
be acute or insidious with weeks to months of intermittent vague symptoms before the patient 
seeks medical attention. Plain radiographs in the frog-leg position are generally diagnos-
tic (Figure 50-4). Patients suspected of having SCFE should be referred to a pediatric 
orthopedist for surgical management.

Infl ammatory Diseases
Juvenile idiopathic arthritis (JIA) is the general term used to describe arthritis lasting 
for greater than 6 weeks in a child 16 years or younger with no known cause. Th e specifi c 
subtype of JIA is determined by the number of joints and specifi c joints involved, associ-
ated systemic symptoms, and HLA-B27 positivity. Th e age of onset varies by subtype. 
Symptoms at onset include joint pain and swelling, limp, morning preponderance of 
pain, and morning stiff ness. With systemic JIA, patients may also report fever and rash. 
Physical examination reveals arthritis in 1 or more joints, most often the knee. Arthritis 
manifests as swelling, limitation of motion, warmth, with pain on motion and/or ten-
derness. If present, leg-length discrepancy and muscle atrophy of the aff ected extremity 
suggest a chronic process. Laboratory evaluation should be performed to rule out other 
causes of arthritis and to assess infl ammatory markers. Lyme serology (only in those from 
or who visited endemic areas), antistreptolysin O titer, and parvovirus should be sent in 
the appropriate clinical setting as well as a CBC, ESR, and CRP. Once the diagnosis of JIA 
is made, additional laboratory tests including rheumatoid factor, anticyclic citrullinated 
peptide antibody, antinuclear antibody, and HLA-B27 typing can help clarify subtype. 
Plain radiographs may reveal a joint eff usion or joint-space narrowing and erosions, but 
are often normal. If JIA is suspected, the patient should be referred to a pediatric rheu-
matologist for further workup and treatment.

Figure 50-4
AP pelvis in a 13-year-old boy complaining of left hip pain and limp. A Klein line is drawn along the supero-
lateral cortex of the femoral neck. The arrow shows posteromedial slippage of the left femoral epiphysis 
and widening of the physis, consistent with SCFE. (From Barkin RM, Barkin SZ, Barkin AZ. The limping child. 
J Emerg Med. 2000;18[3]:331–339. Copyright © 2000, Elsevier, with permission.) 
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Systemic lupus erythematosus is a chronic autoimmune disease aff ecting multiple organs 
associated with antinuclear antibodies. It is more common in black, Asian, and Hispanic 
females. One of the many symptoms associated with lupus is a nonerosive arthritis which 
can present with a limp. If there are other symptoms of lupus present and the index of 
suspicion is high, laboratory workup should include an antinuclear antibody, CBC, and a 
urinalysis, as well as the work up mentioned above to rule out infectious causes of arthritis. 
If lupus is suspected, the patient should be referred to a pediatric rheumatologist for further 
workup and treatment.

Transient synovitis most often presents as hip arthritis in children between the ages 
of 3 and 8 years. It may be preceded by a viral infection. It is generally less symptomatic 
than septic arthritis, without associated fever, and infl ammatory markers may be normal 
or only mildly elevated. Transient synovitis generally lasts for 7 to 10 days.9 Th e patient 
often pre sents with a limp but is not ill-appearing. Physical examination commonly 
reveals pain on motion of the hip with mild limitation. Treatment generally includes 
rest and nonsteroidal anti-infl ammatory medication, and symptoms generally resolve 
spontaneously.

Juvenile dermatomyositis (JDM) is a chronic autoimmune infl ammatory myopathy 
and vasculopathy typically presenting with a heliotrope rash, Gottron papules (violet-colored 
infl ammatory lesions over the knuckles) and proximal muscle weakness. Arthritis can also 
occur. Laboratory evaluation reveals elevated muscle enzymes, and noncontrast fat-suppressed 
MRI shows proximal muscle edema. Patients suspected of having JDM should be referred 
to a pediatric rheumatologist.

Neuromuscular Disorders
Cerebral Palsy (CP), a nonprogressive motor disorder that develops in the fi rst 3 years of 
life, is the most common neurologic cause of limp in a child. Th e disease itself is highly vari-
able. Physical examination may reveal spasticity of the knee or ankle joint with hyperrefl exia 
and clonus. Patients with CP often benefi t from evaluation by a pediatric neurologist and 
a pediatric physiatrist.

Muscular dystrophy (MD), most often the X-linked Duchenne type, typically aff ects 
children between the ages of 2 and 5 years and often fi rst manifests as delayed ambulation. 
Th e patient may demonstrate toe walking and a positive Gower sign (inability to rise from 
the fl oor without leaning on his legs with his hands), as well as proximal muscle weakness. 
On laboratory examination, the serum creatine phosphokinase is elevated. Patients suspected 
of having MD should be referred to a pediatric neurologist.

 EVALUATION
History
The history is crucial in narrowing the differential diagnosis of a limp. The 
physician should fi rst rule out any known trauma. If the mechanism of injury described 
by the parent or child does not correlate with the physical fi ndings, nonaccidental 
trauma should be considered. Careful details regarding the duration of symptoms, 
exact location (asking the child to point with 1 fi nger may be helpful), acuity of onset, 
time of day of symptoms, quality of pain, and severity are often important for making 
a diagnosis.
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Duration: An acute-onset limp is more likely to result from a mechanical problem, spe-
cifi c hip disorder, or a transient infectious process. Limp that lasts for longer than 6 weeks 
is more consistent with chronic causes such as JIA or malignancy.

Location: While asking for a specifi c location of the pain is important, consider that 
some pain in the lower extremity is referred. Hip pathology is generally reported as groin 
pain, but can also be referred to the knee. Pain over the greater trochanter is less likely from 
pathology of the hip itself and may represent infl ammation of the trochanteric bursa (rare 
in children) or enthesitis. Pain specifi c to the shaft of the bone outside the setting of trauma 
is more concerning for malignancy or focal lesions and less consistent with joint pathology.

Timing of symptoms: Limp that occurs in the morning and resolves as the day goes on 
is characteristic of infl ammatory joint pain, as seen in arthritis. Pain or limp that worsens 
with activity is more likely to be from biomechanical factors secondary to trauma or overuse. 
Unilateral pain that wakes the child at night is worrisome for malignancy or osteoid osteoma.

Severity: Pain that is severe or limits activity or function is concerning.
Systemic symptoms: Fever or weight loss is more suggestive of an infectious, oncologic, 

or infl ammatory cause. Rash may give helpful clues to the diagnosis, as in the case of Lyme 
arthritis, parvovirus-associated arthritis, Henoch-Schönlein purpura, or systemic-onset JIA.

Physical Examination
Th e extent and focus of the physical examination should be tailored to the individual 
based on the history obtained. If any indication of systemic illness exists, then a complete 
examination should be conducted. In the absence of systemic signs, most of the examina-
tion can be directed toward the back and lower extremities. Complaints of thigh or knee 
pain may be referred from a hip process and require thorough evaluation of the hip joint. 
Particularly with younger children, a great deal of useful information may be gained by 
opportunistic observation of the child before entering the examination room or when 
engaged in other activities.

Gait Examination
A normal, mature, synchronous gait consists of a stance phase (weight-bearing phase), which 
begins with the heel-strike and plantar-fl exion and ends with toe-off . Th is leads into the swing 
phase which starts with toe-off  and fi nishes with heel-strike. Th is phase requires forward 
rotation, pelvic tilt, and lumbar spine stability to ensure a coordinated gait. Determining 
the phase of gait aff ected can help elucidate the cause (Table 50-2).

Joints and Musculoskeletal Examination
General inspection of the lower extremities for evidence of skin breakdown, ecchymosis, 
erythema, or swelling may help localize the problem, using the nonaff ected limb for compari-
son. A side-to-side disparity in leg length or muscle bulk suggests chronicity. Leg length can 
be measured from the anterior superior iliac spine to the distal end of the ipsilateral medial 
malleolus. Palpation of the extremity along all surfaces can also help localize focal pathology.

Each joint of the lower extremity should be evaluated independently for evidence of 
trauma or infl ammation. Range of motion, size and contour should be symmetric, emphasiz-
ing the importance of side-to-side comparison. If joint involvement is suspected, the joints 
of the upper extremities and spine should be fully evaluated as well.
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Sacroiliac (SI) joint. Th e sacroiliac joint is where the sacrum attaches to the ilium. On 
physical examination, the joint can be palpated directly under the dimples of Venus. Th e 
Gaenslen maneuver, in which the patient hangs 1 leg off  the table and pulls the opposite 
knee towards the chest, is a test for infl ammation of the sacroiliac joint (Figure 50-5). Th e 
test is considered positive if the patient has pain in the buttock opposite the knee that is 
being held. Th e SI joint is often involved in 1 of the subtypes of JIA, enthesitis-related JIA; 
alternatively, insidious infection of the SI joint can occur.

Hip joint. Children with hip pathology tend to hold the joint in a fl exed, abducted, and 
externally rotated position, taking pressure off  of the joint.10 Th e hip joint can be isolated 
on physical examination using a maneuver called the logroll. Th e examiner places a hand on 
the mid-thigh and mid-shin of the patient and gently rolls the hip internally and externally, 
taking care not to simultaneously manipulate the knee joint.

Knee joint. Th e knee should be compared to the contralateral knee to assess for swell-
ing, which often manifests as a loss of bony landmarks. Th e knee should be assessed for 
warmth and tenderness, as well as pain on motion or limitation of motion with either 
fl exion or extension. Patellofemoral syndrome (formerly known as chondromalacea patella) 
can be assessed with the patellar inhibition test, whereby the examiner applies pressure to 
the patellar tendon proximal to the patella, and asks the patient to tense the quadriceps 
muscles. If this reproduces the patient’s pain, it is considered a positive test. Anterior cruciate 

Table 50-2
Gait Abnormalities and Associated Pathology

TYPE OF GAIT 
ABNORMALITY CAUSE DESCRIPTION ASSOCIATED PATHOLOGY

Antalgic Pain on weight 
bearing

Shortened stance 
on affected leg 
with shortened 
swing phase on 
contralateral side

Soft-tissue or skeletal trauma, chondroma-
lacia patellae, arthritis, osteomyelitis, in-
guinal lymphadenitis, abdominal infection, 
Legg-Calvé-Perthes disease, slipped capital 
femoral epiphysis, bone neoplasia, rickets, 
tarsal coalitions

Vaulting Joint pain 
or muscle 
weakness

Straight-legged 
walking (locking 
of knee causes 
the child to “vault” 
over leg)

Arthritis, skeletal dysplasias, congenital 
short femur, neurologic and neuromuscular 
disease, soft-tissue infection (dependent on 
affected joint/site)

Steppage Peroneal nerve 
injury or weak-
ness of the 
tibialis anterior 
muscle

Foot drop Congenital talipes equinovarus, chronic 
pain syndromes

Trendelenburg Hip abductor 
weakness 
or hip joint 
instability

Hip girdle drops 
on affected side, 
trunk moves over 
affected side to 
maintain balance

Hip arthritis, myositis, osteomyelitis, soft-
tissue infection, abdominal infection (includ-
ing psoas abscess, appendicitis, peritonitis), 
Legg-Calvé-Perthes disease, slipped capital 
femoral epiphysis, developmental dysplasia 
of the hip, neurologic disease, dermatomyo-
sitis and neuromuscular disease
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ligamentous (ACL) injury can be assessed using the anterior drawer test: with the patient 
lying fl at and the knee bent at 90 degrees, the examiner pulls the calf forward. If the 
tibial excursion is greater than normal, the test is considered positive and is suggestive of 
loss of ACL integrity. A Lachman maneuver is an appropriate substitute to evaluate the 
integrity of the ACL: the knee is placed at 30 degrees of fl exion, and while the femur is 
stabilized with 1 of the examiner’s hands the tibia is pulled anteriorly with the other hand 
(Figure 50-6). If there is no clear end point of anterior movement, or absence of a “clunk,” 
the test is considered positive. Th e posterior drawer test is used to assess for injury to the 
posterior cruciate ligament (PCL), and is performed similarly to the anterior drawer test, 
but the shin is pushed posteriorly; excessive posterior movement is suggestive of PCL injury. 
Injury to the lateral collateral ligament (LCL) and medial collateral ligament (MCL) can be 
assessed by placing the patient fl at on the back with the knee held at 30 degrees of fl exion; 
the shin is shifted from side to side to test the integrity of the LCL (varus stress) and MCL 
(valgus stress). To assess for meniscal injuries, fi rst palpate over the joint line for tenderness. 
Th e McMurray test examines the integrity of the medial and lateral menisci. To test the 
medial meniscus, the patient lies in the supine position with the knee in full fl exion; with 
1 hand, the examiner stabilizes the joint, applying pressure to the lateral aspect of the joint 
providing valgus stress, while with the opposite hand the examiner holds the heel of the 
patient and laterally rotates the tibia while extending the knee. To assess lateral meniscal 
integrity, the medial meniscus is stabilized by 1 hand while the tibia is rotated medially and 
the knee is extended by the other hand.11 If the patient has pain or the examiner feels a snap 
or click, the test is positive.

Ankle. Th e ankle is comprised of 2 joints, the tibiotalar joint and the subtalar joint. 
Th e tibiotaler joint is responsible for dorsifl exion and plantar fl exion, and the subtalar joint 
is responsible for inversion and eversion. Pain over the Achilles tendon or at the sites of 

Figure 50-5
Pain with this maneuver is indicative of pathology within the sacroiliac joint.
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attachment of the plantar fascia may be suggestive of a tendonitis, or in the setting of chronic 
pain, may be associated with enthesitis related to JIA.

General Examination
On initial examination, the most important determination is whether or not the patient 
is ill-appearing, as this may be associated with more urgent problems such as a septic joint 
or a systemic disease. Th e patient should be assessed for any rashes or lesions suggestive of 
specifi c disorders. A thorough neurologic assessment should be performed, including an 
evaluation of muscle strength and function, sensation, and refl exes.

Laboratory Testing
In cases of known trauma, blood testing is often not necessary. A CBC and measure of 
acute phase reactants are useful if infl ammatory or infectious causes are suspected (see 
Diff erential Diagnosis for specifi c laboratory abnormalities by disease). If a septic joint 
is likely, joint aspiration should be performed and blood cultures should be obtained 
prior to initiation of antibiotics. Antinuclear antibody (ANA) testing in the absence of 
objective evidence of arthritis is not necessary unless there are additional clinical fi nd-
ings suggestive of autoimmune disease (vasculitic/malar rash, palatal ulcers, hair loss, 
serositis, renal or CNS disease). In the setting of chronic arthritis, the ANA is useful 
to delineate risk of developing uveitis, but it is not diagnostic. Approximately 20% of 
healthy children have a positive ANA without any underlying disease. If arthritis is seen 

Figure 50-6
With one hand stabilizing the femur, the proximal tibia is moved forward with the other hand. The absence 
of a distinct endpoint of forward tibial movement is suggestive of ACL injury.
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on physical examination and the history is suggestive of the associated diseases, Lyme 
titers, gonococcal cultures, parvovirus IgG and IgM, anti-DNASE B and antistreptolysin 
O titers may be warranted.

Imaging

Radiographs
Plain-fi lm radiographs remain an important tool in the evaluation of limp, particularly 
in diagnosing fractures, hip disease, spinal abnormalities, and foot disease (eg, tarsal 
coalition). Obtaining at least 2 views of the aff ected area is essential; with suspected hip 
disease, the 2 views should be the anteroposterior (AP) and frog-leg lateral (Lauenstein) 
views of the pelvis. Diagnosis-specifi c radiographic fi ndings are reviewed in the Diff erential 
Diagnosis section.

Ultrasound
Ultrasound can be used to assess musculoskeletal pathology. Joint eff usions, synovial thicken-
ing, and increased blood fl ow seen by power Doppler are suggestive of underlying infl am-
mation. While the cause of infl ammation cannot be determined by this method, it may be 
a useful adjuvant to the history and physical examination.12

Bone Scintigraphy
Bone scintigraphy measures the uptake of technetium-99m, which is increased at sites of 
high bone turnover. It is therefore most useful in the diagnosis of osteomyelitis, diskitis, 
stress fractures, osteoid osteomas, Legg-Calvé-Perthes disease, and neoplasm, especially 
if the location of the pathology is diffi  cult to identify.13 However, MRI is often preferred 
to bone scintigraphy to spare children radiation exposure and to provide more specifi c 
information.

Computed Tomography
Computed tomography is most useful for evaluating boney pathology, including tarsal coali-
tion, spondylolisthesis, spondylolysis, or osteoid osteoma. However, it exposes the patient 
to a high dose of radiation and its use should therefore be limited to situations where other 
imaging modalities are inadequate or unavailable.

Magnetic Resonance Imaging
Magnetic resonance imaging off ers information about bone formation and infl ammation 
as well as soft tissues without exposing the child to radiation, and is therefore the imag-
ing modality of choice for clarifying diffi  cult diagnoses. In cases of arthritis, osteomyelitis, 
diskitis, stress fractures, osteoid osteomas, Legg-Calvé-Perthes disease, and neoplasm, MRI 
is often crucial to diagnosis. 

When to Refer

Limp is a common presenting complaint in pediatric emergency departments and primary 
care offi  ces. History and physical examination are crucial to diagnosing the cause of a limp, 
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and imaging is an important adjuvant to the physical examination. Th ere are very few 
emergent causes of limp, but they do occur, and suspicion of any of the following causes 
does warrant referral:
• Septic joint
• Malignancy
• Surgical cause (eg, appendicitis, psoas abscess)
• Serious fracture

Once these emergent causes of limp have been excluded, if the workup is negative, an 
observation period of 1 to 2 weeks may be appropriate. Following the observation period, if 
the diagnosis is still unclear, referral to an orthopedist, rheumatologist, or neurologist may 
be necessary depending on the clinical scenario.
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Chapter 51

Loss of Appetite
Nancy McGreal, MD; Martin H. Ulshen, MD

Loss of appetite (anorexia) is a common symptom in children. Acute illness in childhood 
is often associated with transient loss of appetite. Prolonged loss of appetite associated with 
poor weight gain or loss of weight usually signifi es a serious chronic illness, either organic 
or psychogenic.

 PATHOPHYSIOLOGIC FEATURES
Th e mechanisms that regulate hunger and satiety are complex and redundant, remaining 
incompletely understood.1,2 Appetite is regulated by multiple nuclei and signaling pathways 
in the hypothalamus, now known to be much more complex than the previously described 
satiety center in the ventromedial hypothalamus and the feeding center in the lateral hypo-
thalamus. Th e hypothalamus detects peripheral signals, including gut hormones and blood-
borne nutrients. Vagal nerve aff erents from the gastrointestinal (GI) tract and hepatoportal 
region terminate in the brainstem, and information is conveyed to the hypothalamus. Both 
appetite-stimulating and appetite-suppressing neuropeptides are secreted in the hypothala-
mus. Central control of appetite is infl uenced by anticipation of a pleasurable meal, visual 
and taste sensations, ambient temperature, and changes in blood levels of glucose or other 
nutrients, as well as by limbic signals from higher central nervous system (CNS) regions. 
Initiators of satiety include vagal input from gastric distention, cholecystokinin from the 
intestine and CNS, and other humoral factors, including insulin, glucagon-like peptide-1, 
pancreatic polypeptides, and endorphins. Each individual may have a set point for body fat 
content. Deviations may cause alterations in diet intake, a process apparently mediated by 
the interaction of the hormones leptin, produced in adipose cells, and ghrelin, produced 
by endocrine cells in the stomach and GI tract, with receptors in the hypothalamus.3,4 Leptin 
suppresses and ghrelin stimulates appetite. Changes in the levels of these hormones infl u-
ence the release of CNS neuropeptides, including neuropeptide Y, melanocyte-stimulating 
hormone, and the orexins.

Cytokines are key mediators of the appetite suppression that occurs with acute and 
chronic illnesses.5,6 Interleukin-1�, interleukin-6, and tumor necrosis factor-�, for example, 
have been shown to induce anorexia by acting directly on the hypothalamus.7 Eff ects on the 
peripheral nervous system and on hormone levels occur as well.

 DIFFERENTIAL DIAGNOSIS
When considering anorexia, the physician must fi rst separate complaints based on unreal-
istic parental dietary expectations from justifi ed parental concern over a child’s diminished 
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nutritional intake. In the former situation, the child is typically growing well and appropri-
ately thriving. Although signifi cant GI disease commonly leads to poor appetite, anorexia 
may be the result of disease that is distant from the bowel. In the newborn period, poor oral 
intake by an infant who is developmentally capable of feeding may be the fi rst indication of a 
major disorder, such as sepsis, meningitis, urinary tract infection, congenital viral infection, 
a GI anomaly, CNS disease, renal failure, or an inborn error of metabolism.

During infancy, a wide spectrum of causes can account for inadequate caloric intake. An 
acute infectious disease is a common cause of transient anorexia in infants. If no obvious 
explanation exists for poor feeding, then the pediatrician should always consider the possibil-
ity of an oral disease (eg, thrush), gastroesophageal refl ux disease, eosinophilic esophagitis, 
renal tubular acidosis, dietary protein intolerance, or a neurologic disorder. Occasionally, an 
infant will lack interest in feeding from the fi rst days of life but in every other respect will 
appear normal; such an infant may well need enteral feeding supplementation.8 Emotional 
deprivation is a common cause of failure to thrive; a thorough social history is essential to 
the evaluation. Early observation of parent–infant interaction in the hospital, including 
feeding techniques, may be helpful. An infant who has not received oral feedings for a pro-
longed period because of medical problems (eg, esophageal disease, short bowel syndrome) 
may not be interested when feedings are introduced by mouth. Th e mother and infant may 
require training (typically provided by an occupational therapist, physical therapist, or speech 
pathologist) and gradual advancement of an oral diet.

Box 51-1 presents a list of causes of loss of appetite that are applicable to both infants 
and children. Generally, the best approach to anorexia is to treat the underlying condition.

 EVALUATION
In formula-fed infants, a state of chronically inadequate caloric intake can be identifi ed 
objectively by computing the total calories ingested, most of which come from formula, and 
comparing this total with the estimated caloric requirements for weight. Such computation 
is more diffi  cult with breastfed infants, although intake may be established by weighing the 
infant before and after feedings. If the nursing infant has a reduced intake, the physician 
must establish whether maternal milk production is inadequate or the infant is too weak 
or disinterested to nurse.

In older children and adolescents, an adequate evaluation of nutritional intake requires 
careful calorie counts. If the possibility of malabsorption is a concern, a calorie count and 
72-hour stool collection for fat analysis may be ordered. Separating children who have poor 
appetites from children who do not eat for fear of worsening their symptoms is important 
from the outset. Children with abdominal pain from chronic infl ammatory bowel disease or 
chronic constipation may not eat because doing so increases their pain. Similarly, children 
with chronic diarrhea may fi nd that eating less leads to less frequent stooling. Th ese 
children may actually not have anorexia, and treatment aimed at improving the other 
symptoms may result in rapid improvement in oral intake.

 TREATMENT
Enlisting the help of a dietitian to plan diets can be useful for maximizing nutritional intake 
in older children. Nutritional supplements may be indicated, either high-calorie milkshakes 
or commercial high-calorie supplements. Several medications, including cyproheptadine 
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and megestrol acetate, have been shown to stimulate appetite. Although cyproheptadine 
does not seem to aff ect appetite in all children treated, when successful, the response is 
dramatic.9 Megestrol acetate,6 a progesterone derivative, has been administered for cancer-
related anorexia, primarily in adults. Its potential side eff ects on the endocrine system 
include adrenal insuffi  ciency. Weight gained with megestrol acetate may be, to a large extent, 
from increased fat mass. Eicosapenteanoic acid, an omega-3 fatty acid, has been evaluated 
in the treatment of adult and pediatric cancer-associated anorexia with equivocal results.10 In 
some disorders, such as congenital heart disease, initial nasogastric or nasoduodenal infusion 
of nutrients may be necessary to promote growth.11 If prolonged supplementation proves 
necessary, a gastrostomy tube can be placed. Parenteral nutrition may be indicated in spe-
cifi c situations. However, expertise with this modality and close supervision are required, 

BOX 51-1

Causes of Decreased Appetite in Infants and 
Children
ORGANIC DISEASE

• Infections (acute or chronic)
• Neurologic causes

 Cerebral palsy
 Congenital degenerative disease 
(eg, neurodegenerative disorders, spino-
muscular atrophy, muscular dystrophy)
 Hypothalamic lesion
 Increased intracranial pressure, including 
a brain tumor
 Static encephalopathy 

• GI causes
 Oral or esophageal lesions (eg, thrush, 
herpes simplex, dental caries, 
ankyloglossia)
 Gastroesophageal refl ux
 Eosinophilic esophagitis
 Dietary protein intolerance
 Bowel obstruction (especially with gastric 
or intestinal distention)
 Infl ammatory bowel disease
 Celiac disease
 Constipation
 Esophageal motility disorder 
(eg, cricopharyngeal dysfunction, 
achalasia, connective tissue disorder) 

• Cardiac causes
 Congestive heart failure or cyanotic heart 
disease 

• Metabolic causes
 Renal failure, renal tubular acidosis, or 
both

 Liver failure
 Inborn errors of metabolism
 Lead poisoning 

• Nutritional causes
 Marasmus
 Iron defi ciency
 Zinc defi ciency 

• Drugs
 Morphine
 Digitalis
 Antimetabolites
 Methylphenidate
 Amphetamines
 Topiramate 

• Prolonged restriction of oral feedings, 
beginning in the neonatal period

• Tumor
• Chronic febrile conditions (eg, rheumatoid 

arthritis, rheumatic fever)

PSYCHOLOGICAL FACTORS

• Anxiety, fear, depression, mania (limbic 
infl uence on the hypothalamus)

• Avoidance of symptoms associated with 
meals (abdominal pain, nausea, diarrhea, 
bloating, urgency, dumping syndrome)

• Anorexia nervosa
• Excessive weight loss and food aversion in 

athletes, simulating anorexia nervosa 
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and caretakers need special training if the parenteral nutrition is to be provided at home. 
Refeeding after severe malnutrition requires careful consideration of potential cardiac and 
metabolic complications.12

When to Refer

• Loss of appetite without an obvious explanation, especially in association with weight
loss or failure to thrive

• Anorexia nervosa

When to Admit

• Weight loss or lack of weight gain that is unresponsive to outpatient management
• Requirement to initiate enteral or parenteral feeding because of inadequate oral intake
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Chapter 52

Lymphadenopathy
Geoff rey A. Weinberg, MD; George B. Segel, MD; Caroline Breese Hall, MD†

Enlargement of 1 or more lymph nodes is a common fi nding in childhood. Lymphadenopathy 
may be defi ned as any lymph node enlargement; all lymph nodes that are palpable are tech-
nically considered enlarged. However, nodes in the cervical chain, occipital, and inguinal 
areas drain regions that are commonly infected in childhood and are often mildly enlarged 
(�1 cm in diameter) in children who are otherwise healthy.

Th e clinically relevant problems in assessing lymphadenopathy are whether any lymph 
node or lymph node aggregate or chain is abnormal and requires further assessment; if 
abnormal, whether the nodes are benign, primarily infl ammatory, or malignant; and what 
the appropriate evaluation, diagnosis, and management should be.

 CHARACTERISTICS OF LYMPH NODE ENLARGEMENT
Components of the Lymphatic System
Th e lymphatic system includes not only lymph nodes but also the spleen, thymus, tonsils, 
Waldeyer ring, appendix, and Peyer patches in the intestine. Potentially palpable lymph node 
groups and their drainage areas are listed in Table 52-1. Th e location of the lymphatics of 
the head and neck and lymph node drainage are shown in Figure 52-1 and may serve as a 
guide to palpation of these superfi cial nodes.

Lymph Node Features
Abnormalities of the palpable lymph nodes are assessed by noting the node’s size, location, 
mobility, tenderness, erythema (infl ammatory reaction), and consistency and whether it is 
matted. Nodes smaller than 1 cm are often found in the cervical chain and in the femoral areas. 
Th ey are often somewhat larger in the inguinal areas. Similarly, nodes smaller than 0.5 cm 
may be palpated in the occipital, postauricular (mastoid), and axillary chains. Small occipital 
and postauricular nodes are common in infants but not older children, whereas cervical and 
inguinal nodes are common after age 2 years. Th e distribution by age is shown in Table 52-2. 
In the submental or submaxillary regions, intraoral or facial infections may enlarge the nodes to 
more than 1 cm. However, fi nding lymph nodes of any size in the supraclavicular or epitrochlear 
areas is unusual. Th us, lymph nodes of the same size observed in 2 diff erent regions may have 
markedly diff erent implications. For example, a 1-cm node in the cervical region of a 5-year-
old child is very likely benign, whereas a 1-cm supraclavicular node requires a biopsy because 
it is unlikely to result from superfi cial infl ammatory disease and may refl ect intrathoracic or 
intraabdominal malignancy. Noninfl ammatory nodes greater than 2 to 2.5 cm require biopsy.
†Deceased
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  Figure 52-1
 Lymph nodes and lymphatics of the head and neck. The nodes in the region below the mandible are des-
ignated  submaxillary . ( Reproduced from  Anatomy of the Human Body by Henry Gray,  20th edition, with 
permission from Bartleby.com, Inc.)           

Table 52-1
Correlations Between Lymph Node Locations 

and Disease Origin
LYMPH NODE GROUPS AREA OF DRAINAGE

Occipital Posterior scalp, neck

Anterior auricular, parotid Lateral pinna, frontotemporal, eyelids

Posterior auricular Mastoid area and pinna

Superior (anterior) cervical Posterior scalp and neck, tongue, pharynx, larynx

Inferior (posterior) cervical Posterior scalp, neck, pectorals, and arm

Submental Apex of tongue and lower lip

Submaxillary Tongue, buccal cavity, lips, and cheek

Supraclavicular Right: Inferior neck and mediastinum
Left: Inferior neck, mediastinum, and upper abdomen

Mediastinal, hilar Anterior: Thymus, pericardium
Posterior: Esophagus, pericardium, liver surface
Hilar: Lungs

Axillary Greater part of arm and shoulder; superfi cial, anterior, and lateral 
thoracic and upper abdominal wall

Epitrochlear Hand, forearm, and elbow

Abdominal Abdominal organs to various mesenteric nodes and to 
retroperitoneal nodes

Inguinal, femoral Leg and genitalia

Signs and Symptoms in Pediatrics
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Table 52–2
Prevalence of Lymphadenopathy by Age

PALPABLE NODES

OCCIPITAL POSTAURICULAR SUBMANDIBULAR CERVICAL NO PALPABLE NODES

AGE
NUMBER OF 

PATIENTS NUMBER (%) NUMBER (%) NUMBER (%) NUMBER (%) NUMBER (%)

0–6 mo  52 17 (32)  7 (13)  1 (2)  1 (2)  32 (62)

7–12 mo  31  8 (26)  4 (13)  1 (3)  8 (26)  16 (52)

13–23 mo  39  4 (10)  3 (7)  7 (18) 11 (28)  20 (52)

2 years  35  3 (8)  2 (6)  7 (20) 16 (45)  11 (32)

3 years  27  2 (7)  0 (0)  7 (26)  9 (33)  11 (41)

4 years  20  0 (0)  0 (0)  5 (25) 11 (55)   7 (35)

5 years  19  0 (0)  1 (5)  4 (21) 12 (63)   5 (26)

Total 223 34 (15) 17 (8) 32 (14) 68 (30) 102 (45)

Reproduced with permission from Herzog LW. Prevalence of lymphadenopathy of the head and neck in infants and children. Clin Pediatr. 1983;22:485–487.
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Fluctuance and signs of infl ammation surrounding a group of enlarged lymph nodes 
are helpful in reaching a diagnosis, particularly if an infectious source is found distal to 
the node area. Th ese fi ndings strongly suggest an infectious, primarily bacterial cause 
(Table 52-3), usually requiring systemic antibiotic therapy. If no infl ammation is found, 
the consistency is fi rm, and the nodes are not mobile, then an underlying malignancy 
may be present, such as a lymphoma, sarcoma, or neuroblastoma. Hard, fi xed nodes 
are seen more often in adults who have metastatic carcinoma. Th e nodes of Hodgkin 
disease and lymphoma are more matted than hard, although nodes associated with 
neuroblastoma, rhabdomyosarcoma, and other childhood malignancies may mimic the 
fi ndings in adults.

 DIFFERENTIAL DIAGNOSIS
The major differential diagnostic categories for enlarged lymph nodes include 
infectious (inflammatory), neoplastic, immunologic, storage, and other diseases. 
Table 52-3 provides a summary of the common and unusual conditions associated 
with lymphadenopathy.

Infections
Infectious problems may be localized or systemic. If localized, the primary site of infection 
draining to the involved lymph node area should be identifi ed (see Table 52-1). Lymph 
nodes enlarge most often in reaction to a localized or generalized infection, but a node can 
itself become intrinsically infected, resulting in lymphadenitis.

Th e common pyogenic bacteria (Staphylococus aureus and Streptococcus pyogenes), atypical 
mycobacteria, and Bartonella henselae (cat-scratch disease) are most likely to cause localized 
adenopathy. Generalized adenopathy or regional adenopathy associated with adenopathy 

Table 52-3
Entities Associated With Lymphadenopathya

GENERALIZED CERVICAL
OTHER 

REGIONAL

INFECTIONS

Viral

Respiratory viruses (adenoviruses, picornaviruses, 
respiratory syncytial virus [RSV], parainfl uenza, 
infl uenza, coronaviruses)

1–3�

Epstein-Barr virus (EBV) 2–3� 3� �

Cytomegalovirus (CMV) 2� 2�  

Primary human herpesvirus type 6 (HHV-6)  � 2–3� 
(postoccipital)

Parvovirus B19 1–2�  2�

Human immunodefi ciency virus (HIV) 2–3� � �

Rubella 2� 3� �

Rubeola 1–2� 3�  

Varicella zoster 1–2� � �
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Herpes simplex virus (HSV) 3� 1–2� (genital 
infection)

HHV-8 2–3� 2–3� �

Hepatitis A � 2�

Bacterial

Staphylococcus aureus 3� 2–3�

Streptococcus pyogenes � 3� 2–3�

Bartonella henselae (cat-scratch disease) � 2–3�

Bartonella bacilliformis (Oroya fever, verruga peruana) 3� 3� 3�

Yersinia enterocolitica � 3�

Salmonella typhi 2–3� 2�

Tularemia � 3� 2�

Brucellosis 2–3� � �

Dental, gingival infections 2–3� 2–3�

Postanginal sepsis (Fusobacterium) 2–3�

Mycobacterium tuberculosis � 2–3� 2–3�

Atypical mycobacteria 2–3� 2–3�

Syphilis 2–3� � �

Lyme disease �

Leptospirosis 3� � �

Rickettsia/Chlamydia

Lymphogranuloma venereum 3�

Ehrlichiosis 2–3�

Rickettsia tsutsugamushi 3� 2–3� 3�

Protozoan 

Toxoplasmosis � 3� �

Malaria �

Parasitic (Toxocara canis, Toxocara cati, Baylisascaris 
procyonis, Trichinella spiralis, fi lariaris) 

1–2� � 1–2�

Myiasis � 1–2�

Fungal 

Histoplasmosis 1–3� � 1–2�

Coccidioidomycosis 1–3� � 1–2�

Tinea capitis 2–3�

IMMUNIZATIONS

Viral � �

Typhoid � �

Bacille Calmette-Guérin (BCG) 1–3�

Table 52-3
Entities Associated With Lymphadenopathy—cont’d

GENERALIZED CERVICAL
OTHER 

REGIONAL

Continued
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NEOPLASTIC

Leukemia 1–2�   

Lymphoma 1–3� 2–3� 2–3�

Hodgkin disease  2–3� 2–3�

Metastatic, solid tumors (neuroblastoma, Wilms 
tumor, Ewing sarcoma, rhabdomyosarcoma)

1–2�  1–2�

HISTIOCYTOSES

Langerhans cell histiocytosis  1–3�  

Malignant histiocytosis  1–2� 1–2�

Sinus histiocytosis (Rosai-Dorfman disease)  3�  

Hemophagocytic syndromes 1–2� 2�  

IMMUNOLOGIC

Defi ciency syndromes 1–2� 1–2� 2–3�

Autoimmune lymphoproliferative syndrome (ALPS) 2–3�   

Serum sickness 2� � �

Ommen syndrome 1–2� � �

Juvenile idiopathic arthritis 1–2� � �

Atopic disease, eczema 2–3� 2� 2–3�

Castleman disease 1–3� 3� 2–3�

MEDICATIONS (Phenytoin and others) 1–2�   

STORAGE DISEASES (Gaucher disease, 
Niemann-Pick disease) 

2–3�  1–3�

GRANULOCYTE DEFECTS

Chronic granulomatous disease � 1–2� 2–3�

Leukocyte adhesion defi ciencies  1–3� 1–3�

Chédiak-Higashi anomaly  1–3� 1–3�

OTHER

Kawasaki disease  2–3�  

Hemoglobinopathic conditions � 1–2�  

Hemophilia with HIV 2–3� � �

Sarcoidosis 2–3� � 1–2�

Gianotti-Crosti syndrome 3� � �

Necrotizing lymphadenitis (Kikuchi-Fujimoto disease) � 2–3� 2–3�

Insect bites  � �

Kimura disease  2–3� 1–2�

Addison disease 1–2�   

Hyperthyroidism 1–3�  

aNumbers represent relative prominence and incidence of lymphadenopathy.

Table 52-3
Entities Associated With Lymphadenopathy—cont’d

GENERALIZED CERVICAL
OTHER 

REGIONAL
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elsewhere is more likely caused by infections from viruses, spirochetes, or, sometimes, 
Toxoplasma spp. Mycobacterium tuberculosis may produce localized or multiple sites of ade-
nitis. Fungal infections, such as histoplasmosis, occasionally cause generalized lymphade-
nopathy when disseminated, but most fungal infections, if associated with adenopathy at 
all, produce regional enlargement.

Neoplastic Diseases
Primary neoplastic diseases are the other major consideration in both localized and gen-
eralized adenopathy. Included in this category are lymphomas, leukemia, histiocytosis, 
and metastases from solid tumors such as neuroblastoma, Wilms tumor, Ewing sarcoma, and 
rhabdomyosarcoma. If a mediastinal mass is identifi ed, then the diagnostic considerations 
vary with the anatomic location within the mediastinum (Box 52-1).

Immunologic and Infl ammatory Diseases
Generalized lymphadenopathy also may be associated with chronic infl ammatory condi-
tions, such as juvenile idiopathic arthritis, other autoimmune diseases, and sarcoidosis; 
with reactions to certain drugs, such as phenytoin and isoniazid; or with serum sickness. 
Unusual causes, such as hyperthyroidism and Addison disease, also should be included in 
the diff erential diagnosis of generalized adenopathy.

 ASSESSMENT
Th e evaluation of lymphadenopathy is summarized in Table 52-4 and discussed in detail 
below.
History, Physical Examination, and Chest Imaging
Th e history and physical examination may reveal a source of a localized infection, such as 
a dental abscess, mastoiditis, scalp infection, insect bite, or cat scratch. Alternatively, sys-
temic diseases, such as infectious mononucleosis, juvenile idiopathic arthritis, and infection 

BOX 52-1

Anatomic Locations of Mediastinal Masses
ANTERIOR MEDIASTINUM

• Lymphoma
• Th ymoma
• Malignant germ cell tumor
• Benign teratoma
• Substernal goiter
• Th ymic hyperplasia
• Th ymic cyst
• Mesenchymal tumors

MIDDLE MEDIASTINUM

• Lymphoma
• Tuberculosis
• Sarcoidosis

• Histoplasmosis
• Castleman disease
• Bronchogenic cyst
• Sarcoma

POSTERIOR MEDIASTINUM

• Neuroblastoma
• Ganglioneuroma
• Neurofi broma
• Primitive neuroectodermal tumor
• Sarcoma
• Germ cell tumor
• Schwannoma
• Duplication cyst
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Table 52-4
Evaluation of Lymphadenopathy

History Exposures (animals, foods, travel)
Medications
Weight loss
Fevers
Night sweats
Bone pain

Physical 
examination

Palpable node areas
Tonsils
Spleen and liver

Imaging Chest radiograph
Ultrasound—abdomen and pelvis
Possibly computed tomography, magnetic reso-
nance imaging, nucleotide or positron emission 
tomographic scanning

Laboratory Neoplasia
CBC with differential count and blood smear
Sedimentation rate, C-reactive protein
Uric acid, phosphate, lactate dehydrogenase
Catecholamines, vanillylmandelic acid, 

homovanillic acid
Infections (common)

General
CBC with differential count
Sedimentation rate, C-reactive protein
Gram stain of exudate

Specifi c
Viral, respiratory

Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)
Human immunodefi ciency virus (HIV)
Cat-scratch disease

Bacterial
Staphylococcus aureus 
Anaerobes
Streptococcus (group A)
Mycobacteria (purifi ed protein derivative 

[PPD] or interferon-� release assay 
[IGRA])

Atypical mycobacteria (PPD)
Autoimmune

Antinuclear antibody
Anti–double-stranded DNA
Serum ferritin

Rapid antigen screening, poly-
merase chain reaction, histochem-
ical, serology, and culture

Skin test, rapid antigen screen-
ing, histochemical, serology, and 
culture

Surgery Biopsya

Histology, cytochemistry, fl ow cytometry, 
DNA studies, chromosomes

Needle aspiration
Reserved for surgically inaccessible nodes
Requires skilled cytopathologist

CBC, complete blood count.
aRequires the availability of pediatric pathology.
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with the human immunodefi ciency virus, may be suggested by other characteristic histori-
cal and physical fi ndings. Th e physical examination should include all the palpable nodes 
(see Table 52-1). Furthermore, assessment of enlarged lymph nodes that have no obvi-
ous infl ammatory explanation requires a chest radiograph or computed tomography (CT) 
scan to determine whether enlarged mediastinal or hilar nodes are present. Th e chest 
radiograph is the study most commonly omitted in evaluating patients who have lymph-
adenopathy; the identifi cation of mediastinal or hilar adenopathy would preclude trials 
of antibiotics, which often delay a diagnostic biopsy.

Imaging
Th e abdominal lymph nodes, including retroperitoneal, periportal, and celiac nodes, 
as well as the nodes of the splenic hilum, are diffi  cult to evaluate without sophisticated 
imaging techniques. Th e spleen, which is primarily lymphoid tissue, may be enlarged in 
infectious, immunologic, and neoplastic disorders and may be delineated by ultrasound 
or CT examination. Abdominal and pelvic lymph nodes may be visualized by ultrasonogra-
phy or may require techniques such as CT and magnetic resonance imaging. Th e sensitiv-
ity and specifi city of methods to defi ne chest (mediastinal or hilar) lymphadenopathy are 
variable. In one study of patients thought to have tuberculosis, the chest radiograph was 
67% sensitive and 59% specifi c compared with spiral chest CT with contrast. Newer 
techniques include positron emission tomography and scintigraphy.

Complete Blood Cell Count and Acute Phase Reactants
A complete blood cell count may reveal the reactive lymphocytes of infectious mono-
nucleosis or a granulocytosis with a shift to the left, suggesting systemic bacterial infection. 
Bicytopenia (eg, anemia, granulocytopenia, thrombocytopenia) would be a red fl ag that 
a hematologic malignancy, such as leukemia or lymphoma, or a metastatic disease involv-
ing the bone marrow, such as neuroblastoma, may underlie the lymphadenopathy. Th e 
fi nding of nucleated erythrocytes and immature granulocytes (leukoerythroblastic blood 
picture) on the blood fi lm is an ominous sign suggesting bone marrow irritation, with 
premature release of blood cell precursors. Th is fi nding may be seen in metastatic diseases 
such as neuroblastoma and rhabdomyosarcoma, with immunologic vasculitis and with 
granulomas (mycobacteria) in the marrow. Isolated leukopenia and neutropenia may also 
be seen with viral infections or severe bacterial infections (particularly in infants). Other 
studies may be useful in assessing lymphadenopathy, including C-reactive protein and 
erythrocyte sedimentation rate, that detect a systemic infl ammatory reaction and may 
refl ect infection, vasculitis, or neoplasm.

Infectious Evaluation
Th e diagnostic workup of potential infectious lymphadenopathy is diverse and depends 
on the history, the patient’s age, the location of the nodes (whether cervical, localized, or 
generalized), and the signs of infl ammation accompanying the adenopathy. Th e cause of 
acute, infl amed, and localized adenopathy is often infectious and likely to be bacterial. A 
purifi ed protein derivative or interferon-� release assay is indicated when tuberculosis is a 
possibility. Material should be obtained for culture and histologic or pathologic examination 
when possible, particularly in patients who do not respond to initial therapy. In children who 
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have acute cervical adenitis, needle aspiration of an acutely infl amed, sometimes fl uctuant, 
node demonstrates the infecting organism in two-thirds or more of cases. In certain cases, 
a biopsy may be required. If tuberculosis or atypical mycobacterial infection is thought 
to be present (eg, young children with subacute lymphadenopathy in the subman-
dibular or submental regions), then needle aspiration should be avoided to prevent 
spread of the infection; excisional biopsy is required. Th e material obtained from biopsy 
or aspiration should be cultured aerobically and anaerobically and examined histologi-
cally, including special stains such as that for cat-scratch disease (Warthin-Starry silver 
stain). Specific diagnosis by serologic assessment, antigen detection, polymerase 
chain reaction, and culture is available for most of the common agents causing lymph-
adenopathy in children (most prominently serology for B. Henselae [cat-scratch disease]). 
Th e erythrocyte sedimentation rate or the C-reactive protein may be useful in assessing 
underlying infl ammation, but both may be elevated in immunologic and neoplastic 
diseases as well.

After initial evaluation by history, physical examination, chest radiograph, and prelimi-
nary laboratory studies, the physician may not yet have an obvious explanation for the node 
enlargement. If a bacterial source for localized adenopathy (eg, pharyngitis, cervical nodes) is 
suggested, then a limited course of 7 to 10 days of antibiotic therapy may be tried. However, 
if the nodes have not regressed signifi cantly, then prompt further evaluation is necessary. 
At this time, a chest radiograph should be obtained if it has not already been performed. 
Hilar or mediastinal adenopathy requires prompt assessment of neoplastic or granulomatous 
causes. Even in the absence of mediastinal or hilar adenopathy, prompt biopsy of signifi cantly 
enlarged, unexplained lymph nodes should permit institution of appropriate therapy.

Biopsy
Biopsy of signifi cant adenopathy should be performed early if no evidence of infection or 
other cause exists and particularly if mediastinal or hilar nodes are enlarged. Th e biopsy 
should encompass the central mass of the enlarged nodes so that a misdiagnosis of reactive 
infl ammation in adjacent nodes can be avoided. Th is circumstance is particularly common 
in Hodgkin disease, in which an adjacent smaller lymph node may be more accessible 
and technically easier to biopsy but may not demonstrate the presence of Reed-Sternberg 
cells. Fine-needle aspiration is not recommended for biopsy of superfi cial, accessible nodes, 
although it might be useful for intrathoracic nodes to avoid thoracotomy. Appropriate 
expertise is required for interpretation, and negative fi ndings are not defi nitive. For sub-
acute, submandibular, or submental lymphadenopathy in which atypical mycobacteria are 
suspected, complete excisional biopsy provides both diagnosis and therapy.

Mediastinal adenopathy may be associated with airway or vascular obstruction (superior 
vena cava syndrome), presenting a critical risk if anesthesia or sedation is administered and 
a major dilemma in establishing a diagnosis.

Any biopsy should be performed at a medical center that specializes in the care of children 
so that all appropriate touch preparations, cultures, special cytochemical or immunologic 
stains, fl ow cytometry, and biochemical, cytogenetic, and DNA studies are obtained. Th e 
pathology of Hodgkin disease, lymphoma, and other similar round-cell tumors may be 
diffi  cult to establish and requires the assessment of a pediatric pathologist who has experi-
ence in these diseases. Immunophenotyping, cytogenetic analysis, molecular studies of gene 
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rearrangement, and electron microscopy may be required for precise diagnosis. Th ese stud-
ies, in conjunction with the histopathologic assessment, are central to the assessment and 
subsequent management, which may involve complex treatment with surgery, radiation, 
chemotherapy, or immunotherapy.

 TREATMENT
Infectious Diseases (Details of Treatment—See Specifi c 
Organism)
Th erapy of lymphadenitis depends on determining its cause or the most likely cause. 
Acute adenitis, particularly of the cervical area in young children, is frequently associated 
with infection from group A �-hemolytic streptococci or Staphylococcus aureus. Th e latter 
is particularly likely in adenitis that progresses to fl uctuance. In the neonate and rarely in 
older children, group B streptococci may cause localized adenitis with or without cellulitis. 
In children beyond the neonatal period who have acute localized adenitis, particularly 
cervical adenitis, therapy should be initiated with an antibiotic directed at group A strep-
tococci and penicillinase-producing strains of S aureus (eg, amoxicillin-clavulanic acid or 
cephalexin). Recently, infections with community-acquired methicillin-resistant S aureus 
in some areas have increased dramatically in children with skin and localized infections. In 
such circumstances, treatment should include an antibiotic to cover methicillin-resistant 
S aureus (eg, clindamycin or trimethoprim-sulfamethoxazole).1 For most patients, oral 
therapy is adequate.

Th e usual course of therapy is 10 to 14 days, but therapy should be continued for at least 
5 days after the signs of acute infl ammation have subsided. For patients who have suppura-
tive adenitis from these organisms, drainage is not only diagnostic (by culturing the exudate 
obtained), but also therapeutic. A few patients may not respond to oral therapy, even with 
a drug to which the organism is sensitive. Parenteral antibiotic therapy then is required.

If an anaerobic infection is thought to be present, then therapy depends, in part, on the 
location of the adenitis, the type of organism, and the severity of the illness. Most anaerobic 
infections of the cervical and submental areas are serious infections associated with mouth 
fl ora, requiring inpatient therapy with clindamycin or metronidazole, possibly in combina-
tion with third-generation cephalosporins.

Both M tuberculosis and atypical mycobacteria can cause adenitis, with the latter being 
more frequent in children. Diff erentiating these may be diffi  cult but is important because 
many strains of atypical mycobacteria are resistant to the usual antitubercular chemotherapy, 
and excisional biopsy may be required. If tubercular infection is thought to be present, then 
appropriate therapy for M tuberculosis should be initiated while awaiting identifi cation and 
sensitivities of the organism. Adenitis that is thought to be tubercular should not be incised 
or drained.

Cat-scratch adenitis is usually self-limited and generally requires no specifi c therapy. 
Th e discovery of Bartonella species, especially B henselae, as the prime cause of cat-scratch 
disease has raised the possibility for specifi c antibiotic therapy, and some antibiotics alone or 
combined, including azithromycin, rifampin, and doxycycline, may be of clinical benefi t.2-4 
If nodes become markedly enlarged, tender, and fl uctuant, then aspiration may help relieve 
symptoms; incision and drainage, however, should be avoided.2-4
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For the unusual case of severe primary herpes simplex virus infection with localized 
adenitis, treatment with oral acyclovir has shortened the clinical course.5,6

Neoplastic Disease
Th e treatment of neoplastic diseases today is, in most instances, oriented toward cure, with 
the eff ectiveness of therapy for lymphocytic and myelocytic leukemia, lymphomas, and 
Wilms and other tumors having improved markedly. Th e specifi c treatment of childhood 
cancer often involves combinations of chemotherapy, radiation therapy, and surgery, all of 
which depend on the individual diagnosis and are beyond the scope of this presentation. 
However, prompt, accurate diagnosis is essential for instituting specifi c treatment and optimal 
care of these patients.

When to Refer

• History and physical examination do not suggest an infectious cause.
• Potentially infectious nodes have not responded to a course of antibiotics.
• Supraclavicular, mediastinal, or hilar adenopathy is present.
• A biopsy is considered; biopsies should be performed only at a center specializing in the

care of children.

When to Admit

• Biopsy requires hospitalization—for example, supraclavicular, mediastinal, or hilar biopsy.
• Biopsy results require inpatient treatment or further evaluation.
• An infection requires intravenous therapy.
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Chapter 53

Macrocephaly
Oscar H. Purugganan, MD, MPH

 DEFINITION
Macrocephaly is defi ned as a head circumference of more than 2 standard deviations above 
the mean (about the 97th percentile) based on age and gender. Head circumference values 
should be plotted in appropriate head circumference charts (see Chapter 55, Microcephaly), 
such as the Centers for Disease Control and Prevention (CDC) growth charts (for children 
0–3 years). For children older than 3 years, the Nellhaus charts had been used previously,1 
although new age- and sex-appropriate US charts were published in 2010.2

 DIFFERENTIAL DIAGNOSES
Head size is infl uenced by the diff erent components that make up the cranial cavity. Among 
the causes of a large head in children are hydrocephalus, an enlarged brain (megalencephaly), 
a thickened skull, and space-occupying lesions. Th ese conditions are not mutually exclusive, 
and some children may have more than 1 underlying factor (Box 53-1).

Hydrocephalus
Hydrocephalus, an enlargement of the ventricular system, may be congenital or acquired. 
Th e clinical presentation is infl uenced by the age of onset and the underlying condition 
causing the hydrocephalus. An enlarging head circumference is the most obvious fi nding in 
an infant whose cranial sutures have not fused. In the older child whose sutures have fused, 
signifi cant head enlargement does not occur, but other signs and symptoms of increased 
intracranial pressure, such as headaches, vomiting, and papilledema, may occur.

Conventionally, hydrocephalus has been classifi ed as either communicating or noncom-
municating, depending on whether the connection between the ventricular system and the 
subarachnoid space is intact. Communicating hydrocephalus results from either the impaired 
absorption of cerebrospinal fl uid by the arachnoid villi (from meningeal irritation caused 
by meningitis, trauma, or malignant infi ltration) or less commonly with overproduction of 
cerebrospinal fl uid from a choroid plexus papilloma. Noncommunicating or obstructive 
hydrocephalus is marked by enlargement of the ventricular system proximal to the site of an 
obstruction. Th e obstruction may be an anatomic defect, such as aqueductal stenosis, or the 
result of a tumor, infection, or infi ltrate. In many cases, however, the classifi cation of hydro-
cephalus as either communicating or noncommunicating may not be clear-cut; common 
causes of hydrocephalus, such as intraventricular hemorrhage and intrauterine infections, 
may lead to both communicating and noncommunicating hydrocephalus.
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BOX 53-1

Causes of Macrocephaly
HYDROCEPHALUS

• Intraventricular hemorrhage
• Meningomyelocele
• Dandy Walker malformation
• Aqueductal stenosis
• Malignancy
• Intrauterine infections
• Meningitis
• Space-occupying lesions
• Benign accumulation of extracranial fl uid

MEGALENCEPHALY

Megalencephaly—metabolic
• Mucopolysaccharidoses
• Leukodystrophies

 Canavan disease
 Alexander disease

• Glutaric aciduria

Megalencephaly—anatomic
• Overgrowth syndromes
• Neurocutaneous syndromes

• Achondroplasia
• Autism
• Fragile X syndrome
• Various other genetic syndromes (OMIM)

Megalencephaly—idiopathic 
(benign)

SKULL THICKENING AND SKULL 
ABNORMALITIES

• Th alassemia
• Cleidocranial dysostosis and other skeletal 

disorders

SPACE-OCCUPYING LESIONS

• Vascular malformations
• Intracranial tumors
• Subdural eff usion
• Subdural hematoma

Intraventricular hemorrhage occurs in about 15% of premature infants with birth weight 
less than 1,500 g.3 Th e severity of hemorrhage is graded as follows:
• Grade I: subependymal hemorrhage
• Grade II: intraventricular hemorrhage without ventricular dilation
• Grade III: intraventricular hemorrhage with ventricular dilation
• Grade IV: intraventricular and intraparenchymal hemorrhage4

Although subtle changes in head circumference may be present, macrocephaly is not 
always evident in an infant with intraventricular hemorrhage. Grade III and IV hemor-
rhages are associated with poorer neurodevelopmental outcomes than grades I and II, with 
an estimated 35% and 90% of aff ected children, respectively, showing neurologic sequelae.3

Hydrocephalus with Chiari type II defect is present in 80% of children with myelomenin-
gocele.5 Macrocephaly is commonly the fi rst manifestation of the Dandy Walker malforma-
tion, a cystic dilation of the fourth ventricle, with hypoplasia of the cerebellar vermis and a 
variety of other cranial malformations.6 Head size may be normal at birth, but acceleration 
in head growth is noted in most children by 1 year of age, sometimes with prominence of 
the posterior part of the skull.4

Congenital aqueductal stenosis, which may occur sporadically or be transmitted by 
X-linked inheritance, causes severe hydrocephalus that may complicate labor and delivery 
with cephalopelvic disproportion and lead to signs and symptoms of increased intracranial 
pressure after birth.

A condition characterized by a benign accumulation of extracranial fl uid, probably sub-
arachnoid, is identifi ed in many children with macrocephaly who have an unremarkable 
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neurologic examination. Th e exact nature of the extracranial collection has not been clearly 
established, leading to problems with nomenclature; the condition is variously referred to, 
whether accurately or inaccurately, as benign macrocephaly, external hydrocephalus, benign 
extracerebral fl uid collections, benign subdural collections, and benign enlargement of the 
subarachnoid space.7-9 Neuroimaging reveals an extracerebral fl uid collection most evident 
in the prefrontal area and, in some cases, mild nonprogressive dilation of the ventricular 
system. Th e size of the brain is normal. Aff ected children may have normal or large head 
circumferences at birth. In the succeeding months, the head circumference grows to greater 
than the 98th percentile and then generally parallels the normal growth curves. Th e large 
head size is an isolated feature, and the aff ected child has an otherwise normal neurologic 
examination and age-appropriate development, although transient early developmental 
delays, especially in the fi rst year of life, may be observed. Th e condition seems to be self-
limited, with normalization of computed tomography scan fi ndings usually by 2½ years of 
age.10 Th e relationship of this condition to benign megalencephaly, wherein the brain is large 
but no extracranial fl uid accumulation is present in a child who is also neurologically intact, 
has not been established and is not fully understood.10,11 More recently, an association with 
subdural hematoma in infancy has been suggested.12,13

Megalencephaly
Another common cause of macrocephaly is an enlargement of the brain. Traditionally, mega-
lencephaly is classifi ed as metabolic or anatomic. In metabolic megalencephaly, enlargement of 
the brain is caused by an inborn error of metabolism that leads to the abnormal deposition 
of some substrate in the brain. Th e head circumference is usually normal at birth and then 
enlarges and may cross percentiles over time.4 It coincides with signifi cant developmental 
delays and psychomotor regression. Most of these inborn errors are autosomal recessive 
disorders. Th e mucopolysaccharidoses, leukodystrophies such as Canavan disease and 
Alexander disease, are examples of metabolic conditions causing macrocephaly. In Hurler 
syndrome, the most severe form of mucopolysaccharidosis resulting from a defi ciency 
of �-L-iduronidase, an enlarging head may be noted to cross percentiles during infancy. 
Coarse facial features, frontal bossing, and corneal clouding are characteristic fi ndings of the 
syndrome.14 In the infantile form of Canavan disease, a leukodystrophy that predominantly 
aff ects Ashkenazi Jews from a defi ciency of aspartoacylase, macrocephaly is associated with 
irritability, poor visual fi xation, head lag, and motor delay, which are noted in the fi rst few 
months of life.15 Alexander disease is a rare, mostly sporadic condition characterized by 
abundant accumulation of glial fi brillary acidic protein in Rosenthal fi bers. Aff ected infants 
exhibit macrocephaly, seizures, spasticity, and developmental regression.16

In anatomic megalencephaly, the large head size is usually present at birth17 and is often 
associated with neurodevelopmental impairment. Th e brain is abnormally large because of 
an increase in the size and number of its cells.4 Th e Online Mendelian Inheritance in Man 
(OMIM) provides a comprehensive list of syndromes associated with macrocephaly and 
megalencephaly.18 In overgrowth syndromes, macrocephaly is usually present at birth as 
part of a generalized increase in body size. An example is Sotos syndrome, which is associ-
ated with facial dysmorphism, neurodevelopmental defi cits such as poor coordination and 
cognitive and behavioral problems, and macrocephaly that may result from a combination 
of megalencephaly, ventricular enlargement, and midline anomalies.19 It has been reported 
that about 90% of clinical cases of Sotos syndrome have mutations or deletions involving 
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the NSD1 gene in chromosome 5q35.20 Neurocutaneous syndromes such as neurofi broma-
tosis, tuberous sclerosis, and hypomelanosis of Ito are associated with megalencephaly in 
addition to characteristic skin fi ndings, intracranial conditions, and neurodevelopmental 
problems.14 In achondroplasia, megalencephaly is present in a child with short stature, 
shortened proximal arms and legs (rhizomelia), and dysmorphic facial features. Aff ected 
individuals usually have normal intelligence but are at risk for hydrocephalus, obstruc-
tive sleep apnea or central apnea, and spine and joint problems.21,22 Compared with the 
general population, a disproportionately large number of autistic children have enlarged 
head circumferences.23-28 Th e pattern of brain growth in some autistic children seems to be 
abnormal, with acceleration of head growth in early childhood,23 hyperplasia in cerebral 
gray matter and cerebral and cerebellar white matter,24 and a slight decrease in brain volume 
during adolescence.25 Whether this acceleration in head growth in early childhood relates 
to the behavioral and developmental features of autism remains unclear. Mutations in the 
phosphatase and tensin homolog (PTEN) gene, which have been associated with a spectrum 
of disorders with a predisposition to hamartomas and certain cancers such as Cowden syn-
drome, Bannayan-Riley-Ruvalcaba syndrome, and Proteus syndrome, have been identifi ed 
in some autistic children with severe macrocephaly.29,30 Fragile X syndrome is associated with 
a constellation of physical fi ndings, including macrocephaly, a longish face with prominent 
ears, joint hyperextensibility, and enlarged testes.14 A family history on the mother’s side of 
intellectual disability, developmental and behavioral problems, and autistic behaviors sug-
gests the possibility of this X-linked disorder.

A child with a large head who has no signifi cant collection of extraventricular or 
intraventricular fl uid, a normal neurologic examination and developmental history, no 
signs of raised intracranial pressure, and a family history of large head sizes in normal 
adults can be considered to have benign or idiopathic megalencephaly.5,31,32 Although 
these individuals have been thought to develop normally, recent evidence suggests they 
may exhibit mild neurodevelopmental dysfunction such as incoordination and visual-
motor weaknesses.11

Other Causes of Macrocephaly
Th ickening of the skull is a rare cause of macrocephaly. Children with a hemolytic anemia, 
such as �-thalassemia, may exhibit frontal bossing attributable to extracranial hematopoiesis 
in their skull bones. Cleidocranial dysostosis is an autosomal disorder of abnormal bone 
formation characterized by delayed closure of fontanelles, widening of the head circumfer-
ence, and other skeletal abnormalities.33 Space-occupying lesions, such as an arteriovenous 
malformation or a brain tumor, may also produce macrocephaly. Although usually asymp-
tomatic, subdural eff usion is a complication of bacterial meningitis that may produce an 
enlarging head circumference, bulging anterior fontanelle, and signs of increased intracranial 
pressure in infants.34 Subdural hematoma may present with macrocephaly in infants but is 
usually associated with other symptoms as well.

 EVALUATION
Relevant History
A review of previously measured head circumferences can ascertain whether a child has 
had any change in the pattern or percentiles of head circumference over time. A large 
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head circumference at birth presupposes a cause of prenatal origin, necessitates a detailed 
prenatal history, and may indicate anatomic megalencephaly. Conditions that may cause 
congenital macrocephaly include X-linked aqueductal stenosis and the overgrowth syn-
dromes. An abnormally enlarging head postnatally in a child with neurodevelopmental 
problems is a clue to an acquired condition, such as acquired hydrocephalus or a possible 
metabolic disorder. Th e history should explore delays in the developmental milestones; 
regression in motor, language, and social skills; seizures; and signs of increased intra-
cranial pressure such as lethargy, vomiting, and behavioral changes. A family history 
of any genetic, neurologic, and developmental condition may be a red fl ag for similar 
disorders, whereas a history of otherwise normal parents and siblings with large heads 
can be reassuring.

Physical Examination
Th e physical examination of the child with macrocephaly should focus on the specifi c issues 
listed in Box 53-2.

Monitoring of head size must be performed periodically during health care maintenance 
visits. In the presence of a rapid enlargement in head circumference, more frequent moni-
toring, at the very least, is necessary. Measurements should be plotted on the appropriate 
head circumference charts. A disproportionately enlarged head in relation to height and 
weight may indicate a primary neurologic disorder. Measuring the size of the fontanelles 
and palpating sutures are important. Signifi cant hydrocephalus in infants may produce 
a bulging anterior fontanelle and separation of cranial sutures, which are uncommon in 
anatomic megalencephaly. A vein of Galen arteriovenous malformation may produce a 
cranial bruit on auscultation. Because macrocephaly is a feature of many genetic syndromes, 
dysmorphic features and other organ involvement should be noted. Examination of the 
skin may reveal café au lait spots, axillary freckling, ash-leaf spots, and a whorled pattern 
of pigmentation that may indicate a neurocutaneous disorder. Careful neurologic exami-
nation is critical and may reveal abnormalities in muscle tone and posture, asymmetries, 
persistence of primitive refl exes, and hyperrefl exia. Developmental assessment may reveal 
cognitive impairment, autistic features, learning disabilities, or behavioral diffi  culties. It 
is also important to measure the head circumference of the parents and make note of any 
dysmorphic features they may have.

BOX 53-2

Physical Examination of a Child With Macrocephaly
• Accurate measurement of the head circum-

ference and assessment of the pattern of 
head growth

• Inspection and palpation of the skull
• Comparison of the head circumference with 

other growth parameters
• Presence or absence of dysmorphic features

• Presence or absence of congenital abnor-
malities involving other organ systems

• Th orough neurologic and developmental 
assessment, including a check for signs of 
increased intracranial pressure

• Skin examination using Wood lamp
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Laboratory Testing
Metabolic testing is available to identify many of the storage diseases and is recommended in 
a child exhibiting developmental regression. Genetic testing should be done as appropriate 
for the clinical assessment.

Imaging
Neuroimaging is the procedure of choice in evaluating macrocephaly. For infants with open 
fontanelles, head ultrasound is useful in identifying intraventricular hemorrhage, hydro-
cephalus, and intracranial tumors. Th is procedure is especially useful in infants because 
it eliminates the need for sedation. Computed tomography can identify hydrocephalus, 
intracranial calcifi cations, and hemorrhages. Magnetic resonance imaging (MRI) is most 
informative, especially in identifying gray and white matter disease (eg, leukodystrophy), 
migration defects, hydrocephalus, and posterior fossa lesions. MRI is also helpful in studying 
the subtleties in subdural and subarachnoid hemorrhages.35 Consultation with a neurologist 
or radiologist may be helpful in deciding which procedure would be most appropriate. MRI 
is generally not indicated in patients with autism and macrocephaly unless there are other 
concerns not explained by autism (eg, focal neurologic fi ndings, cranial nerve dysfunction, 
severe headache).36 A skeletal survey may reveal bone age abnormalities in the overgrowth 
syndromes and radiologic abnormalities that may be present in the mucopolysaccharidoses, 
bone dysplasias, or trauma.

Management
Th e management of macrocephaly depends on its cause. Shunting procedures are the treat-
ment of choice for signifi cant and progressive hydrocephalus; however, shunt infection, 
obstruction, and malfunction are not rare and continue to be challenges in the care of these 
children. In premature infants, the risk for complications is even greater; medical manage-
ment with pharmacologic agents (carbonic anhydrase inhibitors or other diuretics) and 
serial lumbar punctures may be used as initial therapy.37 Medical management is also used 
in asymptomatic or minimally symptomatic patients with slowly progressive hydrocephalus. 
For Dandy Walker cysts, shunting has been recommended to drain the hydrocephalus or the 
posterior fossa cyst, or both.4 Children in whom inborn errors of metabolism are suspected 
should be referred for genetic evaluation, treatment, and counseling. Although the treatment 
for these conditions is mainly supportive and symptomatic, bone marrow transplantation and 
enzyme replacement therapy are promising interventions for certain disorders. Although no 
specifi c treatment is available for anatomic megalencephaly, pediatricians should be aware of 
the association with developmental and cognitive problems, which warrant early intervention 
and special education services. Th e presence of subdural hematoma requires further evalua-
tion (eg, skeletal survey, retinal examination) and may include referral to a child abuse expert. 
Serial measurement of the head circumference and clinical assessments are generally all that 
are needed for benign accumulation of extracranial fl uid and idiopathic megalencephaly.

When to Refer

• Head circumference of more than 2 standard deviations above the mean (especially
3 standard deviations above the mean)
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• Head circumference that is crossing percentiles or rapidly growing
• Dysmorphic features
• Abnormal neurologic examination
• Regression in developmental skills or signifi cant developmental delay
• Suspected child abuse

When to Admit

• Signs of increased intracranial pressure or mental status change
• Shunt infection or malfunction

TOOLS FOR PRACTICE

Medical Decision Support
• Growth Charts (charts), Centers for Disease Control and Prevention (www.cdc.gov/

growthcharts)
• CDC Growth Charts: United States (article), National Center for Health Statistics (www.

cdc.gov/nchs/data/ad/ad314.pdf)
• Online Mendelian Inheritance in Man (online database), Johns Hopkins University

(omim.org)
• United States head circumference growth reference charts: birth to 21 years (article), Th e

Journal of Pediatrics, Vol 156, Issue 6, 2010 (www.jpeds.com/article/S0022-3476%
2810%2900020-X/abstract)
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 Chapter 54

Medically Unexplained 
Symptoms 

Rebecca Baum, MD; John Campo, MD

 BACKGROUND
Medically unexplained symptoms (MUS) can present signifi cant challenges and frustrations 
to the children aff ected by them, their families, and the physicians involved in their care. 
While medically unexplained physical symptoms are often associated with mental health 
issues, children with MUS often present in primary care and general medical settings rather 
than the mental health setting. Patients with MUS often present for multiple offi  ce visits 
and are at risk for potentially dangerous and unnecessary evaluations, laboratory tests, 
and procedures.1 Patients and families may be frustrated and confused by the physician’s 
judgment that “nothing is wrong” despite continued pain and impairment. MUS are thus 
an important entity for physicians to recognize to help facilitate accurate assessment and 
intervention.

Historically, physicians have been trained in the biomedical model that explains the 
presence of physical symptoms with a diagnosis based on the presence of pathology con-
sistent with a specifi c disease.2 In this model, unexplained symptoms may not be presumed 
to be real, or may be considered representative of a mental disorder. Th is dichotomous 
approach, termed dualism, distinguishes between physical and mental disorders by virtue 
of whether there is evidence of a biomedical explanation. It is increasingly being recog-
nized that such dualistic thinking is inadequate to address the entity of MUS. Using this 
model, physicians may complicate care, or even put patients at risk, in an attempt to 
avoid “missing” explanatory physical disease. Families and patients may feel stigmatized, 
misunderstood, and lacking in an explanation for their symptoms.

Our current understanding of pain suggests that it is an unpleasant sensory and emo-
tional experience representative of physiologic changes and tissue damage. Th is suggests 
that pain is a derivative of demonstrable tissue pathology, yet pain can also be experienced 
subjectively in the absence of demonstrable pathology. Similarly, the level of pain experienced 
in association with a given degree of tissue damage may also vary. Rather than focusing on 
false dichotomies between physical and psychological health, it is preferable to recognize the 
connection between psychology and physiology.3 Th e term somatization is used to refl ect 
the experience of the individual, including his subjective experience, distress, and desire to 
seek medical care, in the setting of MUS.4
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 EPIDEMIOLOGY
Medically unexplained symptoms are often encountered across childhood and 
adolescence, with pain and fatigue being especially common in all age groups. It is also 
important to remember that the presence of 1 type of MUS typically predicts the pres-
ence of other MUS. In preschool children, abdominal pain is a common manifestation.5 
Among children and adolescents, headache and abdominal pain are the most prevalent 
symptoms,6,7 though other types of pain, such as limb and chest pain, are often reported.8 
Fatigue is a particularly common complaint in teens.9 Other symptoms include urinary, 
cardiovascular, rheumatologic, and gastrointestinal complaints. MUS suggesting neuro-
logic or sensory impairment, often referred to as “conversion” symptoms, are relatively 
unusual in community settings yet more common in specialty settings. A study of teens 
in the Ontario Child Health Study suggested a prevalence of recurrent somatic symptoms 
in the primary care setting of 4% for boys and 11% for girls.10 Other studies report that 
between 2% and 20% of children in primary care present with MUS.8 Boys and girls 
may have diff erent clinical presentations, with some studies suggesting that girls report 
more somatic symptoms than boys and more frequently report symptoms of headache 
or abdominal pain than boys, particularly with increasing age into adolescence.9–11 
All types of MUS can be associated with signifi cant impairment for patients and their 
families. Th is includes missed school days, increased health care utilization, distress, 
patient suff ering, limitation of activities, impaired peer interactions, and signifi cant 
eff ect on family functioning.12

Th e precise etiology of MUS is unknown. Certain associations and risk factors have 
been identifi ed (Box 54-1). In general, children with emotional and behavioral prob-
lems are more likely to experience MUS than otherwise healthy children. In a primary 
care sample, children identifi ed as somatizers had a higher frequency of emotional/
behavioral problems, including internalizing symptoms such as worrying, fear of new 
situations, and problems with separation.12 Children with diagnosed mental health 
disorders such as anxiety, depression, and disruptive behavior disorders have also been 
found to exhibit more somatic symptoms, including headache, abdominal pain, and 
musculoskeletal pain.9,11

Box 54-1

Risk Factors for the Development of Medically 
Unexplained Symptoms
• Genetics
• Modeling
• Physical illness
• School stressors
• Family stressors
• High-achieving families
• Parental overprotection

• Secondary gaina

• Impaired or limited coping mechanisms
• Diffi  culty identifying/expressing feelings
• Diffi  culty with transitions
• Psychiatric comorbidity
• Trauma

aSecondary gain refers to the social and familial reinforcement of the symptom.
Derived from Ibeziako P, Bujoreanu S. Approach to psychosomatic illness in adolescents. Curr Opin Pediatr. 2011;23:
384–389.
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 CLASSIFICATION
Defi nitions for conditions characterized by chronic pain and physical suff ering are detailed 
in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), under 
the category of Somatic Symptom and Related Disorders. Th is category replaces that of 
Somatoform Disorders in DSM-IV. Th ese disorders are characterized by pain or other somatic 
symptoms in association with impairment in functioning and signifi cant individual distress. 
Somatic Symptom Disorder (SSD) is the diagnosis applied in the presence of distressing or 
impairing somatic symptoms along with excessive, maladaptive, or disproportionate thoughts 
or feelings about the physical symptoms. See Table 54-1 for additional disorders in this 
category, including Illness Anxiety Disorder, which replaces hypochondriasis, Conversion 
Disorder, and Psychological Factors Aff ecting Medical Condition. Factitious Disorder, 
defi ned by the intentional falsifi cation of symptoms with the apparent goal of achieving 
behavioral and social benefi ts associated with the sick role, is now included in this category 
as well. Historically, these disorders were considered when a medical explanation could not 
be found, although, in many cases, it can be diffi  cult and counterproductive to fully exclude 
an exhaustive list of potential medical conditions. In DSM-5, the key compenent of these 
disorders is the presence of somatic symptoms and the way they are interpreted by the patient, 
rather than solely by the lack of medical explanation. Children with these disorders experi-
ence signifi cant impairment across 1 or several domains, including relationships with peers 
or parents, school functioning, and participation in extracurricular activities. Table 54-1 
describes the categories of somatic symptom and related disorders according to DSM-5, with 
the same criteria applied to both adults and children.

When considering the presence of a somatic disorder, it is important to assess for physical 
disorders that may be causing or contributing to the child’s symptoms. However, the 
physician is cautioned to avoid unnecessary testing once it can be reasonably assumed that 
a medical disorder has been excluded, which can present a challenge for physicians.13 It is 
recommended that somatic disorders be included in the diff erential diagnosis rather than 
relegated to a diagnosis of exclusion. Other conditions to include in the diff erential diagnosis 

Table 54-1
Classifi cation of Somatic Symptom 

and Related Disorders 
DISORDER  DESCRIPTION

Somatic Symptom Disorder • Presence of �1 somatic symptoms that are distressing or 
result in signfi cant disruption of daily life.

• Excessive thoughts, feelings, or behaviors related to the 
somatic symptoms.

• Symptoms must be persistent (usually >6 months).

Illness Anxiety Disorder • Preoccupation with having a serious illness (�6 months).
• If a medical condition or strong family history is present, 

worry is out of proportion to the likelihood of severe illness; 
somatic symptoms, if present, are mild.

• High degree of anxiety about one’s health.
• Excessive engagement in health-related behavior or avoidance 

of necessary health care.

Continued
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Table 54-1
Classifi cation of Somatic Symptom 

and Related Disorders—cont’d
DISORDER  DESCRIPTION

Conversion Disorder • Presence of �1 symptoms of altered voluntary motor 
or sensory function that result in signifi cant distress or 
impairment.

• Evaluation suggests that symptoms are incompatible with 
recognized medical conditions.

Psychological Factors Affecting Other 
Medical Conditions

• Presence of psychological or behavioral factors that result 
in delayed recovery or added health risk, interfere with 
treatment, or escalate the need for medical treatment.

• An underlying medical condition must be present.

Facititious Disorder (Imposed on Self 
or Imposed on Another)

• Intentional falsifi cation of physical or psychological signs 
or symptoms or infl iction of injury.

• Deceptive behavior is present.

Other Specifi ed Somatic Symptom 
and Related Disorder

• Presence of somatic symptoms that cause signifi cant
distress or impairment but do not meet full criteria
for another category of somatic symptom and related
disorders.

• May be used when symptoms are brief (eg, 6 months) or 
just below the diagnostic criteria.

Unspecifi ed Somatic Symptom and 
Related Disorder

• Presence of somatic symptoms that cause signifi cant
distress or impairment but do not meet full criteria
for another category of somatic symptom and related
disorders.

• Used only in unusual situations when there is insuffi cient 
information to make a more specifi c diagnosis.

Derived from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 
5th ed. Arlington, VA: American Psychiatric Association; 2013.

of MUS include Psychological Factors Aff ecting Other Medical Conditions, which describes 
the presence of psychological factors and symptoms associated with an underlying medical 
condition. Conditions such as anxiety and depression may also result in pain and fatigue 
and thus should be considered the primary diagnosis in those circumstances.

 ASSESSMENT
An empathetic and collaborative approach is recommended when considering MUS. 
Children aff ected by MUS and their families may be frustrated by frequent offi  ce visits, 
multiple laboratory tests, and being told that “nothing is wrong” despite patient suff ering. 
While the approach to each child should be individualized, general principles can help 
guide successful assessment. Important aspects to consider during the assessment process 
are presented in Box 54-2. MUS should be approached just as any other symptom in the 
pediatric history, with a review of symptom characteristics including duration, frequency, 
intensity, and moderating factors. Special attention should be paid to environmental stress-
ors, opportunities for secondary gain, and emotional factors such as anxiety, depression, or 
other psychological symptoms.
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In addition to a careful history, standardized tools can be helpful in the assessment 
process. Th e Children’s Somatization Inventory (CSI) can be used to assess for the 
presence of multiple somatic symptoms. It has been revised to a 24-item question-
naire that includes parent and child (age �7) versions and is available in the public 
domain.14 Th e Functional Disability Inventory is a 15-item questionnaire with parent 
and child (age �8) versions that can be used to assess health status across multiple 
domains.15

 MANAGEMENT
Collaborative care in the management of MUS requires communicating diagnostic impres-
sions to the family in a clear and honest manner.16 Families may benefi t from a discussion of 
the interplay between physiologic and emotional factors, with reassurance that the absence 
of diagnosable medical disease does not minimize the child’s suff ering or negate the reality 
of the problem. Physicians should be mindful of the stigma associated with mental health 
conditions and avoid the mind-body dualism that may characterize MUS as being “all in your 
head.”13 Th e use of placebo and other forms of deception in attempts to achieve diagnosis 
or reduce symptoms is discouraged.13

Once diagnostic impressions are communicated and questions are discussed, the 
physician must then attempt to shift the family’s focus from the cause of symptoms 
to improving the child’s functioning and reducing suffering.17 The physician should 
facilitate the development of a treatment plan that addresses physical pain, stress 
reduction, and reduction of stigma while fostering hope that the child will improve. 
Goals should be developed collaboratively and should be meaningful to the child and 
family. In many cases, treatment will involve an interprofessional approach involving 
medical, mental health, and allied health disciplines. Clear communication across 
disciplines is essential.

A number of interventions have been proposed for the treatment of somatic disorders, and 
thus MUS (Table 54-2). Treatments may be delivered independently or in combination, 
although medication is rarely successful if used without supportive therapies. 

Box 54-2

Important Principles in the Assessment of Children 
With Medically Unexplained Symptoms 
• Acknowledge symptoms, patient experience, 

and family concerns.
• Review past evaluations and treatment.
• Investigate fears related to symptoms.
• Remain alert to unrecognized medical 

diagnosis.

• Avoid unnecessary tests.
• Avoid diagnosis by exclusion.
• Understand symptom timing, context, and 

characteristics.

Adapted from Campo JV, Fritz G. A management model for pediatric somatization. Psychosomatics. 2001;42:467–476. 
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A substantial portion of the child’s treatment may occur outside the realm of primary 
care. In these circumstances, an important role for the pediatrician is one of care coordi-
nation, hope, and support. Pediatricians may be especially helpful in recognizing MUS 
as a possiblility and making timely referrals to mental health professionals as indicated. 
In situations where symptoms are less intense or impairing, primary care management 
may be appropriate. In either case, pediatricians can play a key role in supporting families 
through the assessment and treatment process, which includes conveying an understand-
ing that their concerns will be taken seriously and addressing parental anxiety, if present. 
Physicians in underserved areas may fi nd themselves providing more direct care given 
challenges related to mental health and specialty care access. Th e psychiatric literature 
contains excellent resources for pediatricians who are interested in the assessment and 
initial management of MUS. In addition, a number of states are implementing psychiatric 
consultation resources for physicians that can provide guidance, education, and, in some 
cases, facilitated referrals provided by Child and Adolescent Psychiatry.18,19 More infor-
mation about these programs can be accessed through the National Network of Child 
Psychiatry Access Programs.20 Pediatricians should also be aware of their own frustra-
tion, as somatic disorders may present signfi cant challenges in the primary care setting. 
Seeking advice and support from colleagues and specialists can be helpful in alleviating 
this frustration.

Table 54-2 
Interventions for Children With Somatic Disorders

INTERVENTION  CHARACTERISTICS

Cognitive behavioral therapy May involve a combination of 
• Cognitive restructuring (eg, “I realize I have some pain 

today, but I can still go for a walk with my friends.”)
• Relaxation
• Graded exposure to unpleasant experiencesa

Rehabilitative approach Focus on coping and improving health status

Behavioral intervention Approaches include 
• Reinforcement of healthy behaviors
• Minimization of secondary gain

Self-management Possible techniques include mindfulness, hypnosis, 
imagery, and relaxation.

Family intervention Involves work with the family system that may inadvertently 
reinforce the sick role

Maximal treatment of psychiatric 
comorbidities

Important to consider given the high prevalence of mental 
health conditions in children with medically unexplained 
symptoms

Medication management Should be considered for 
• The treatment of underlying mental health conditions
• Somatic symptoms that accompany mental health 

conditions

aMasia Warner C, Reigada LC, Fisher PH, et al. CBT for anxiety and associated somatic complaints in 
pediatric medical settings: an open pilot study. J Clin Psychol Med Settings. 2009;16(2):169–177. 
Derived from Dell ML, Campo JV. Somatoform disorders in children and adolescents. Psychiatr Clin 
North Am. 2011;34:643–660.
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 PROGNOSIS
In general, the prognosis for children presenting with MUS is favorable, but proper symptom 
recognition and intervention are essential.3 An association has been documented between 
MUS in children and subsequent anxiety or depression in adulthood, as well as between 
anxiety and depression in childhood and subsequent impairing somatic symptoms in adult-
hood.21 Further studies will be needed to determine if identifi cation and intervention in 
childhood can mitigate the development of lifelong symptoms. Meanwhile, it is clear that 
pediatricians play a key role in the initial management of the child with MUS, as well as in 
family support and care coordination. Th is type of approach can reduce child and family 
frustration, lead to improved outcomes, and be a rewarding experience for the physician 
who is able to help guide families through this complex process.

TOOLS FOR PRACTICE

Medical Decision Support
• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.

org/psychiatry/services/psc_forms.aspx)
• Strengths & Diffi  culties Questionnaires (screen), Youth in Mind, Ltd (www.sdqinfo.com)
• Children’s Somatization Inventory (screen), (sitemason.vanderbilt.edu/site/jnsciA/

Questionnaires)
• Functional Disability Inventory (screen), (sitemason.vanderbilt.edu/site/jnsciA/

Questionnaires)
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Chapter 55

Microcephaly
Oscar H. Purugganan, MD, MPH

 DEFINITION OF TERMS
Microcephaly refers to a head size that is 2 standard deviations below the mean (about 
the third percentile) based on age and gender. In itself, microcephaly means a small head; 
micrencephaly is the accurate term for a small brain. Because the forces of brain growth 
generally determine ultimate cranium size, a small brain leads to a small head. Without 
further brain growth, secondary closure of the sutures of the skull will ensue before 
the expected time, which should be diff erentiated from craniosynostosis in which primary 
and premature closure of sutures occurs with a normally growing brain.1

 MEASUREMENT AND USE OF GROWTH CHARTS
Measuring the head circumference is an important element of the pediatric physical 
examination and should be performed at each well-child visit, especially in the fi rst 3 years 
of life.2 Accurate measurements are critical and should be plotted on standardized charts. 
In the United States, the Centers for Disease Control and Prevention (CDC) released the 
latest growth charts in 2000.3,4 Th ese charts, which include head circumference charts, 
were based on 5 national health surveys from 1963 to 1994 and have been updated from 
the 1977 growth charts. A new feature of these updated charts is the inclusion of curves 
for 3rd and 97th percentiles, which are important cutoffs in the measurements of 
head circumference. Th e World Health Organization (WHO) released new international 
growth charts for children up to 5 years of age in 2006.5 Th ese charts represent growth 
standards derived from healthy children growing under optimal conditions from 
6 sites worldwide. Th eir applicability in various clinical settings (including the US) and 
their potential effect on clinical practice are currently being investigated.6,7 Head 
circumferences of children older than 3 years have traditionally been plotted on the 
growth curves developed by Nellhaus8; newer US-normed head circumference charts from 
birth to 21 years were published in 2010.9 Charts are available for special populations with 
disturbances in growth, such as Down syndrome,10 Williams syndrome,11 achondroplasia,12 
and very low birth weight.13

Head circumference is measured by using a fl exible, nonstretchable tape, running along 
the head above the supraorbital ridges and across the most prominent part of the occiput.14 
Th is measurement is known as the occipitofrontal circumference and has been shown to 
correlate with brain volume.15 More instructive than a single measurement is a series of 
measurements over time, which can identify head circumferences that may be crossing 
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percentiles while still falling within the normal range. Brain growth is maximal during the 
last few weeks of gestation to the fi rst 2 years of life. Boys average a slightly larger head size 
than girls; the average head size at birth for boys in the United States is about 36 centimeters, 
and for girls about 35 centimeters.3

 DIFFERENTIAL DIAGNOSIS
Microcephaly is a physical fi nding and not a diagnosis. A multitude of conditions exist 
that can lead to a small brain. Th ese conditions can be either genetic or environmental 
(see Box 55-1). Th ey can be syndromic or nonsyndromic.

Clinically, a useful approach to the evaluation of microcephaly is to determine 
whether the small head circumference is noted at birth (congenital microcephaly) or whether 
the head circumference does not grow as expected after birth (acquired microcephaly).

Congenital microcephaly (noted at birth) can be either from genetic or environmental 
causes.

Genetic microcephaly is almost always present at birth; Rett syndrome (see below) is a 
notable exception. In these conditions, the brain structure may be either normal or abnormal.

In microcephaly vera, or true microcephaly, the brain is very small, usually 3 standard 
deviations below the mean, but the brain architecture is grossly normal.16,17 Patients almost 
always have intellectual disability (ID) but have an otherwise unremarkable neurologic 
examination. A sloping forehead and prominent ears are usually the only dysmorphic features. 
Transmission is mainly autosomal recessive, although autosomal-dominant and X-linked 
forms also exist. Th ree genes that cause microcephaly vera have been identifi ed: microcephalin 
(MCPH), abnormal spindle in microcephaly18,19 (ASPM), and deoxynucleotide carrier (DNC) 
protein, which is implicated in Amish microcephaly.20

BOX 55-1

Causes of Microcephaly
GENETIC CAUSES

• Microcephaly vera (isolated microcephaly 
with grossly normal brain architecture)

• Microcephaly with abnormal brain archi-
tecture (eg, lissencephaly, polymicrogyria)

• Genetic syndromes 
 Miller-Dieker lissencephaly
 Seckel syndrome
 Rubinstein-Taybi syndrome
 Trisomy 21 syndrome
 Trisomy 13 syndrome
 de Lange syndrome
 Rett syndrome 

• Metabolic disorders
 Aminoacidopathies
 Mitochondrial

• Asymptomatic familial 

ENVIRONMENTAL CAUSES

• Teratogens 
 Alcohol
 Maternal phenylketonuria
 Intrauterine irradiation
 Other teratogenic drugs (eg, hydantoin) 

• Intrauterine infections
• Maternal health problems
• Hypoxic-ischemic encephalopathy
• Traumatic brain injury
• Meningitis
• Malnutrition 
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More common than microcephaly vera is a microcephalic child who has severe neurologic 
impairment such as seizures, spasticity, and global developmental delays. Neuroimaging may 
identify abnormal brain architecture such as defective prosencephalization (eg, holoprosen-
cephaly), migration disorders (eg, lissencephaly, schizencephaly, pachygyri, polymicrogyri, 
heterotopias), and midline defects (eg, agenesis of corpus callosum).16,17

Microcephaly may be associated with other clinical fi ndings that collectively represent 
a genetic syndrome. Miller-Dieker syndrome, which is caused by a deletion on the short 
arm of chromosome 17, is characterized by a small, smooth brain or lissencephaly (the most 
extreme of migration defects), facial dysmorphism, and severe ID. In Seckel syndrome, a rare 
autosomal-recessive disorder that has been mapped to loci in chromosomes 3 and 18, central 
nervous system (CNS) anomalies that suggest an underlying neuronal migration disorder21 
are present together with growth retardation, intellectual disability, and a bird-headed facial 
appearance.22 Children with Rubinstein-Taybi syndrome have microcephaly, signifi cant 
developmental problems, facial abnormalities, and broad thumbs and toes. Microdeletions of 
the cyclic adenosine monophosphate response element–binding protein gene on chromosome 
16 have been implicated in this disorder.22,23 Trisomies account for some cases of micro-
cephaly. A classic example is Down syndrome (trisomy 21 syndrome) in which microcephaly 
is part of the characteristic phenotype that includes distinct facial features, congenital heart 
anomalies, and growth retardation. In de Lange syndrome, aff ected children have growth 
retardation, microcephaly, hirsutism, and unusual facial features such as synophrys and low 
anterior hairline. Most cases are sporadic, but an autosomal dominant inheritance has been 
suggested. Smith’s Recognizable Patterns of Human Malformation and the online reference 
Online Mendelian Inheritance in Man (OMIM) provide comprehensive lists of conditions 
that are associated with abnormalities in head size.22,24

Based on the defi nition of microcephaly, it follows that about 2.5% of all children would 
be classifi ed as microcephalic, and, most certainly, some of these children will be neurologi-
cally normal, especially those with head sizes immediately below 2 standard deviations from 
the mean (head circumference �3 standard deviations below the mean is almost always 
associated with some degree of neurologic impairment).25 In individuals with isolated micro-
cephaly who are neurologically intact and have normal intelligence, measuring the head 
circumferences of the parents and siblings is important. A family history of small head size 
in the context of normal development and neurologic examination describes asymptomatic 
familial microcephaly.26

Prenatal environmental factors may also lead to congenital microcephaly. A small head cir-
cumference at birth often refl ects a condition of early prenatal origin. Intrauterine infections 
such as cytomegalovirus, toxoplasmosis, and rubella have been implicated in the development 
of microcephaly, and may also produce intrauterine growth retardation, hepatosplenomegaly, 
cardiac defects, retinopathy, cataracts, and hearing loss. Prenatal toxins that may lead to 
microcephaly in the newborn are alcohol,27 drugs of abuse such as cocaine,28 and irradia-
tion. Th ese environmental insults aff ect other organ systems as well, and microcephaly may 
be observed as a part of a syndrome. Prenatal exposure to alcohol may lead to intrauterine 
growth retardation, including microcephaly, facial features such as small palpebral fi ssures, 
smooth philtrum and thin upper lip, heart and eye defects, and behavioral and cognitive 
defi cits, in a spectrum of disorders that range from alcohol-related neurodevelopmental 
disorder to fetal alcohol syndrome (FAS).27,29 Untreated maternal phenylketonuria and 
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hyperphenylalaninemia produce fi ndings very similar to those of FAS: microcephaly (the 
most consistent fi nding), ID, facial dysmorphism, and cardiac defects.30

Head size that is not increasing as expected is a clue to an acquired microcephaly31 (also 
called postnatal-onset microcephaly), and investigation as to possible environmental and 
genetic causes should be initiated. Microcephaly from these causes is usually apparent by 
2 years of age.25 A recent study classifi ed 5 causal groups for acquired macrocephaly: 
idiopathic, or no identifi able cause; familial; syndromic, with associated anomalies; 
symptomatic, following a pathogenic event; and mixed.32

A genetic cause of microcephaly that does not usually present at birth is Rett syndrome, 
a condition exhibited almost exclusively in girls that is associated with a deceleration in 
head growth toward the second year of life leading to microcephaly, developmental regres-
sion, autistic features, and unusual hand mannerisms (hand-wringing and hand-washing 
movements). Th is genetic disorder has been mapped to the X chromosome and linked to a 
deletion of the MeCP2 gene. Most cases are sporadic.22 Genetic causes also include meta-
bolic disorders that may lead to a deceleration of head growth in the fi rst year of life; these 
conditions should be considered, especially if there is a history of parental consanguinity, 
episodic symptoms such as vomiting and encephalopathy, and developmental regression.25,31

Severe perinatal asphyxia is an important environmental cause of acquired microcephaly. 
Th e asphyxiated newborn has a normal head circumference at birth, but head growth decel-
erates, and microcephaly and suboptimal head growth may be observed by 12 months of 
age,33 although acquired microcephaly can sometimes be detected as early as 6 weeks 
of age in infants who have had severe asphyxia.34 Th ese children go on to develop signifi cant 
neuromotor and cognitive defi cits. Other environmental causes of acquired microcephaly 
are meningitis, malnutrition, traumatic brain injury, and abusive head trauma.

With multiple suture craniosynostosis, primarily a problem of the skull rather than the 
brain, the head circumference may be small at birth, or head growth may abruptly cease 
during infancy. Th e shape of the skull is asymmetrical, and evidence exists of bony ridging 
in the area of the fused sutures. Signs of increased intracranial pressure may be present. Th ese 
characteristics clearly diff erentiate the microcephaly associated with craniosynostosis from 
micrencephaly in which the small head is round, symmetrical, smooth, and devoid of bony 
ridging in the area of the sutures.1 Premature closure of sutures may be an isolated feature or 
a part of a syndrome. Single-suture synostoses are not likely to cause microcephaly.

 EVALUATION
Relevant History
Congenital microcephaly necessitates a thorough review of the prenatal history. Any potential 
exposure to toxins must be explored, such as the use of alcohol or other drugs of abuse. Poor 
maternal health during the pregnancy, intrauterine infections, and conditions causing placen-
tal insuffi  ciency contribute to a suboptimal uterine environment that may lead to congenital 
microcephaly and intrauterine growth retardation. So, too, do psychosocial factors, as marked 
by lack of prenatal care and low levels of maternal education.35 A pedigree analysis can help 
identify a family history of genetic syndromes, miscarriages, or microcephaly. Taking note 
of the head sizes of the parents and siblings is an important component of the evaluation. 
A review of systems may identify medical problems such as feeding diffi  culties, seizures, 
and previous infections such as meningitis. Th e history should also include a chronology 
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of developmental milestones, as well as a description of the child’s current function and 
behavior, with close attention to possible developmental regression.

Physical Examination
Th e physical examination of the microcephalic child should focus on the following:
1. Accurate measurement of the head circumference and assessment of the pattern of head

growth and the onset of microcephaly if previous measurements are available
2. Inspection and palpation of the skull, looking for asymmetry and bony ridging
3. Comparison of the head circumference with other growth parameters
4. Presence or absence of dysmorphic features
5. Presence or absence of congenital abnormalities involving other organ systems
6. Careful examination of the skin
7. Careful neurologic and developmental assessment

Accurate measurement and plotting on appropriate charts are critical (see earlier discus-
sion). Head circumference of premature infants is adjusted for the degree of prematurity 
until about 2 years of age. For infants with birth weight of less than 1,000 g, corrected age 
is often used until 3 years or when growth has caught up based on normal growth curves.14 
Inspection and palpation of the skull may reveal an asymmetrical skull and face and bony 
ridging that are suggestive of craniosynostosis, the presence of which leads the pediatrician 
to a diff erent approach in evaluation and management. A head circumference that is dis-
proportionately small in relation to the child’s weight and height is a likely indicator of a 
CNS condition. When microcephaly is part of generalized growth retardation, or when it 
is associated with dysmorphic facial features and multiple–organ system involvement, the 
search for conditions that may have a more systemic eff ect on the child should be investigated, 
such as chromosomal disorders, intrauterine infections, or exposure to toxins. Children with 
congenital microcephaly seem to have a higher frequency of major malformations when 
compared with normocephalic infants.36 Examination of the skin may reveal the rash of an 
intrauterine infection. A thorough neurologic examination should assess for asymmetries, 
abnormalities in muscle tone, posture, strength, and refl exes. A developmental assessment 
may reveal generalized psychomotor retardation and motor delays, as well as speech/language 
and cognitive impairments.

Laboratory Testing
Th e laboratory evaluation should be guided by the diff erential diagnoses. Children who are 
thought to have intrauterine infections must be tested for prenatal infections (toxoplasmosis, 
rubella, cytomegalovirus, syphilis, human immunodefi ciency virus, herpes) and have ophthal-
mologic and audiologic evaluations. A microcephalic newborn with other congenital anoma-
lies and atypical facial features should have a genetic consultation and evaluation. Genetic 
testing is available for many disorders, including chromosomal disorders, Miller-Dieker 
syndrome, and Rett syndrome. For children with microcephaly and dysmorphic features, the 
availability of array comparative genomic hybridization (aCGH) testing has enhanced 
the likelihood of a genetic diagnosis.37 Metabolic testing is usually not recommended in the 
evaluation of an asymptomatic newborn with microcephaly; however, it should be considered 
in cases of postnatal-onset microcephaly, especially with a history of parental consanguinity, 
episodic symptoms, or developmental delays or regression.25,37
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Imaging
In the evaluation of a child with microcephaly, several neuroimaging modalities are available 
to identify abnormalities in brain structure. Th e yield is signifi cantly higher in cases of severe 
microcephaly (�3 standard deviations below the mean) compared with mild microcephaly 
(2–3 standard deviations below the mean).25 Magnetic resonance imaging (MRI) is most 
suitable for identifying gray and white matter disease and migration defects such as lissen-
cephaly, pachygyria, and polymicrogyria. However, MRI is limited in its ability to study bone 
and calcifi cations. Computed tomography is useful to identify intracranial calcifi cations that 
may result from intrauterine infections, the skull abnormalities seen with premature fusion of 
cranial sutures, and ventricular system abnormalities. In infants with open fontanelles, ultraso-
nography of the head can be helpful in delineating cranial abnormalities. A skull radiograph can 
demonstrate intracranial calcifi cations and the characteristic bone fi ndings in craniosynostosis 
but cannot detect abnormalities in brain structure. Consultation with a neuroradiologist may 
be helpful in determining which procedure, if any, is appropriate for a given child.

Practice parameters for the evaluation of the child with microcephaly have been developed 
by the Quality Standards Subcommittee of the American Academy of Neurology and the 
Practice Committee of the Child Neurology Society.25

 MANAGEMENT
Th e management of microcephaly is largely symptomatic and preventive. Appropriate pre-
natal care, maternal education and nutrition, avoidance of teratogenic substances, screening 
for intrauterine infections, and management of maternal health conditions may minimize 
the number of preventable cases of microcephaly. Because many children with microcephaly 
may have other medical issues (eg, cerebral palsy, seizures, ophthalmologic disorders), the 
pediatrician should monitor for these conditions and initiate the provision of interventions 
as needed.25 Children with microcephaly require close follow-up for developmental issues 
and can benefi t from early intervention and special education services as needed. Genetic 
counseling must be off ered to parents who have off spring with genetic disorders. Children 
suspected to have craniosynostosis require neurosurgical consultation.

When to Refer

• Consider for head circumference of more than 2 standard deviations below the mean 
(especially �3 standard deviations)

• Head circumference deceleration or poor head growth
• Dysmorphic features
• Abnormal neurologic examination and development
• Regression in motor, language, and social skills
• Seizures
• Suspected craniosynostosis

When to Admit

• Signs of increased intracranial pressure
• Mental status change
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TOOLS FOR PRACTICE

Medical Decision Support
• Growth Charts, Centers for Disease Control and Prevention (www.cdc.gov/growthcharts)
• Online Mendelian Inheritance in Man (online database), Johns Hopkins University 

(omim.org) 
• United States Head Circumference Growth Reference Charts: Birth to 21 Years (article), 

Journal of Pediatrics, Vol 156, Issue 6, 2010
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Chapter 56

Nonconvulsive Periodic 
Disorders

Sarah M. Roddy, MD

A variety of paroxysmal nonepileptic disorders occur in children.1 Th ese disorders have a 
wide range of clinical features that mimic seizures, and distinguishing them from seizures is 
important so that the child is not treated inappropriately with anticonvulsants. A thorough 
history is often all that is needed to make the diagnosis, although a few patients may require 
a more extensive evaluation.

 BREATH-HOLDING SPELLS
Breath-holding spells, or infantile syncope, occur in approximately 5% of children. Most 
children who have breath-holding spells begin having episodes between 6 and 18 months 
of age, although spells may begin in the fi rst few weeks of life. Th e frequency of episodes 
ranges from once a year to several times daily. Th e history of the episode and the surrounding 
events is the most important part of the evaluation of a child who has such spells. Because 
the familial incidence of breath-holding spells is high, the parents should be questioned 
about episodes in other family members.

Two types of breath-holding spells occur: cyanotic and pallid. Th e cyanotic type is 
more common than the pallid form and is usually precipitated by frustration or anger. 
During such spells, children cry vigorously and then hold their breath in expiration. Apnea is 
followed by cyanosis, with opisthotonic posturing and loss of consciousness. Recovery is 
usually quick, with return of respiration and consciousness within 1 minute. Evaluation 
of children who have severe cyanotic breath-holding spells has shown an underlying 
autonomic system dysregulation that may contribute to the pathophysiologic features of 
the episodes.2-4 Pallid breath-holding episodes are usually provoked by sudden fright or 
minor injuries, especially falling and hitting the occiput. Th e child gasps or cries briefl y 
and then abruptly becomes quiet, loses consciousness, has pallor, and becomes limp. Th e 
child may then develop clonic jerks. Pallid breath-holding spells are a vasovagal phenomenon. 
Th e precipitating event induces a vagally mediated asystole, leading to cerebral ischemia. 
Ocular compression during simultaneous electroencephalographic and electrocardiographic 
tracing in children who have pallid breath-holding spells has shown asystole with fl attening 
of the electroencephalogram without electrical seizure activity.1 Th e clonic jerks are caused 
by cerebral hypoxia rather than by epileptiform discharges from the brain.

Th e prognosis for children who have either type of breath-holding is excellent; most 
outgrow the episodes by school age. Children who have pallid breath-holding spells may later 
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develop syncope.1 Treatment is directed mainly at reassuring the family of the benign nature 
of the episodes. Th e pediatrician or other physician should emphasize that the episodes are 
not seizures and that they do not lead to intellectual disability or epilepsy. Because cyanotic 
episodes are often precipitated by temper tantrums, anger, and frustration, advice about 
behavior management may be helpful. Anemia has been described as a contributing factor 
in breath-holding spells, and treating it may reduce the incidence of the episodes.6,7 Atropine 
is eff ective for pallid breath-holding episodes, but its use is rarely warranted. Anticonvulsants 
should not be used because they are not eff ective in treating either type of breath-holding 
spell (see Chapter 78, Temper Tantrums and Breath-Holding Spells).

 SYNCOPE
Syncope, or fainting, is an acute and transient loss of consciousness caused by reduced 
cerebral perfusion. Episodes are relatively common, particularly among teenagers.8 Postural 
hypotension, which may occur after a sudden change from a sitting or reclining position to 
a standing position, can precipitate an episode. Emotional upset, fright, and overheating are 
also common provoking stimuli. Cardiac disorders, including arrhythmias, aortic stenosis, 
and severe cyanotic heart disease, may cause syncope by reducing cardiac output and caus-
ing cerebral hypoxia. In rare cases, episodes of syncope have been reported with swallowing, 
coughing, urinating, and defecating.9

Patients have presyncopal symptoms that may include light-headedness, anxiety, sweating, 
nausea, generalized numbness, and visual changes described as constriction or darkening of 
vision. Observers notice marked pallor and clammy skin. Th ese symptoms are followed by 
loss of consciousness and slumping to the fl oor. Once the patient is recumbent and cerebral 
perfusion is restored, consciousness returns within a few seconds. If the patient is held with 
the head above the body and cerebral perfusion is not restored, clonic movements may occur. 
As with pallid breath-holding spells, these movements occur as a result of cerebral ischemia 
rather than epileptiform discharges from the brain. Patients are not disoriented or confused 
after an episode of syncope, although they may be tired.

Th e history is important in diagnosing syncope and should include a description of the 
event by the patient and an observer. Although laboratory evaluation is seldom needed, if 
atypical elements are involved, such as absence of a precipitating factor or confusion after 
the episode, an electroencephalogram or a cardiac evaluation, including Holter monitoring, 
may be appropriate. Evaluation with tilt-table testing can be helpful for children who have 
unexplained syncope.10 Treatment consists of teaching the patient and family about managing 
an episode. Because patients have presyncopal symptoms, they should be instructed to sit or lie 
down as soon as the symptoms begin, thereby preventing progression to loss of consciousness. 
If the patient loses consciousness, the parent should place the child in a recumbent position 
with the head lower than the trunk. Parents often pick up a child who has fainted; they should 
be cautioned against this action because they may prolong the period of unconsciousness 
(see Chapter 77, Syncope, for a more detailed discussion of syncope and its causes).

 BENIGN PAROXYSMAL VERTIGO
Benign paroxysmal vertigo of childhood is a disorder characterized by brief attacks of vertigo. 
Symptoms usually appear within the fi rst 3 or 4 years of life, although they may begin later. 
Episodes are characterized by abrupt onset, with the child appearing fearful and unable to 
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maintain normal posture and gait. Th e child may seek support and clutch the parent or 
abruptly sit down or fall. In severe cases, the child may be limp and incapable of using the 
extremities. Pallor and diaphoresis are usually apparent, and vomiting and nystagmus some-
times occur. An episode typically lasts less than 30 seconds or, in rare cases, a few minutes. 
A brief period of postural instability may follow the episode; but within a few minutes, the 
instability resolves. Consciousness is not altered during the episode, and only rarely does 
the child feel sleepy after it. Th e frequency of episodes varies from as many as several weekly to 
1 episode every few months. Audiograms are normal. Oculovestibular testing with cold-water 
calorics is diffi  cult to perform in young children, and results vary. When properly done, 
testing shows no abnormalities in vestibular function.11 Th e results of radiographic studies of 
the temporal bone and electroencephalographic recordings are also normal. Included in the 
diff erential diagnosis of vertigo in childhood are brainstem lesions, posterior fossa tumors, 
and epilepsy. Th e history and physical examination usually diff erentiate benign paroxysmal 
vertigo from these more serious disorders. In most cases, no treatment is necessary, and 
anticonvulsants are not eff ective. Antihistamines such as dimenhydrinate have been used 
in some patients who have frequent episodes, with an apparent reduction in the number of 
episodes. Because the frequency of attacks varies, assessing the eff ect of therapy accurately 
is diffi  cult. Attacks of vertigo usually stop spontaneously over a period of a few years. Some 
children with benign paroxysmal vertigo later develop migraine headaches12 (see Chapter 17, 
Dizziness and Vertigo).

 SHUDDERING ATTACKS
Shuddering or shivering episodes are a benign movement disorder that probably occurs in 
many children at one time or another. Th e episodes are brief and characterized by paroxysmal 
rapid tremors involving primarily the head and arms. Some episodes may involve fl exion of 
the head, elbow, trunk, and knees, with adduction of the elbows and knees.13 Consciousness 
is not altered during the episodes. Th e frequency varies, with some children having more 
than 100 episodes daily. Emotional factors, including excitement, fear, anger, and frustra-
tion, may precipitate episodes. Shuddering episodes may start as early as a few months of 
age or not until later in childhood. Th e number of episodes usually declines gradually. Th e 
pathophysiologic mechanism of the episodes is unclear, although the attacks have been pos-
tulated to be an expression of an essential tremor.13,14 Electroencephalographic monitoring 
has shown that the episodes are not epileptiform in nature.15 In most cases, no treatment 
is necessary. If episodes are severe and interfere with activities, treatment with propranolol 
may be helpful.16 Anticonvulsants are ineff ective and should not be used.

 BENIGN NEONATAL SLEEP MYOCLONUS
Sudden brief jerks of the extremities are normal in children and adults when falling asleep. 
Sleep-related myoclonus in neonates is called benign neonatal sleep myoclonus. Th e myoclonic 
jerks begin in the fi rst month of life, often within the fi rst day, and are present only during 
sleep, disappearing when the infant awakens.17 Th e jerking movements may start in one 
extremity and then progress to involve the other extremities, or they may begin bilaterally. 
Th e upper extremities are involved more often than the lower extremities. Jerks occur every 
2 to 3 seconds for several minutes, although they have been reported to last up to 12 hours.18 
Rocking the crib and repetitive sounds may provoke the myoclonus.19 Development is 
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normal, and no neurologic defi cits are present. Electroencephalographic results are normal, 
with no epileptiform discharges associated with the myoclonus.18 Th e major diff erential 
diagnosis of neonatal sleep myoclonus is a seizure disorder. A history of episodes only during 
sleep and a normal electroencephalogram help diff erentiate this benign disorder from seizures. 
Th e myoclonus usually diminishes gradually during the fi rst 6 months of life, although it 
has rarely lasted until 3 years.20 No treatment is necessary. Th e infants do not subsequently 
develop epilepsy or cognitive delay.21

 NIGHT TERRORS
Night terrors or sleep terrors are a sleep disorder with some features that mimic partial com-
plex seizures. Th ey occur in up to 6% of children, with a peak incidence in late preschool-
aged and early school-aged children.22 Aff ected children often have a family history of either 
night terrors or another sleep disorder. Th e episodes usually occur during the fi rst 2 hours 
after falling asleep. Th e child sits up in bed abruptly and screams or talks unintelligibly. If 
the child’s eyes are open, they have a glazed look. During the episode, the child appears to 
be hallucinating and does not respond to the parents. Tachycardia and diaphoresis result 
from activation of the sympathetic nervous system. In some cases, the child may sleepwalk. 
Night terrors usually last approximately 10 minutes, with the child then relaxing and abruptly 
falling back to sleep. On awakening, the child does not remember the episode. Night terrors 
are caused by a rapid partial arousal from deep, slow-wave sleep. Febrile illness and sleep 
deprivation may trigger night terrors.23

Electroencephalography does not show seizure activity during the episodes. It is important 
to diff erentiate night terrors from nightmares, which occur later in the sleep cycle, during 
rapid eye movement (REM) sleep, and are associated with easy arousal and recall of the 
content, or at least the occurrence, of the nightmare. Night terrors usually occur less often 
as the child gets older, although episodes may continue into adolescence and adulthood. Th e 
nature of the episodes should be explained to the parents. Although parents tend to try to 
wake and reassure the child, they should be told that the child is not aware of their presence, 
and attempts to awaken the child are not helpful and may increase agitation. If the child 
is sleep deprived, parents should take steps to increase the amount of sleep the child is get-
ting. If night terrors persist despite adequate sleep, a sleep study may be needed to evaluate 
for obstructive sleep apnea, which can trigger night terrors.24 In most cases, no medication 
is indicated. However, if episodes are frequent or severe, a benzodiazepine, imipramine, or 
L-5-hydroxytryptophan may be helpful.23,25

 NARCOLEPSY
Narcolepsy is a sleep–wake disorder characterized by excessive and inappropriate periods of 
sleep during the day. Th e daytime sleepiness interrupts activities and does not diminish in 
response to adequate amounts of sleep at night. Naps may last from a few minutes to longer 
than an hour. In addition to the excessive daytime sleep, patients often have cataplexy, sleep 
paralysis, and hypnagogic hallucinations. Cataplexy is a transient partial or complete loss 
of tone, often triggered by an emotional reaction such as laughter or fright. Th e individual 
does not lose consciousness. Sleep paralysis occurs as the patient falls asleep or awakens and 
is characterized by the inability to move or speak. Hypnagogic hallucinations occur while 
falling asleep, can be auditory or visual, and may be very frightening to a child.
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Th e estimated prevalence of narcolepsy is 0.02% to 0.05%.26 Onset usually occurs in 
the second decade, although it has been reported in toddlers. Sleep studies in patients 
who have narcolepsy show extremely short sleep onset latency. In narcolepsy, REM sleep 
occurs within 15 minutes of sleep onset; in healthy patients, 90 minutes of non-REM 
sleep precede the fi rst REM period. A strong association exists between narcolepsy and 
the human leukocyte class II antigen DQB1*0602.27 Human leukocyte antigen typing 
may be helpful but is not diagnostic. Th e hypocretin peptides that are important for 
maintaining wakefulness may be absent on cerebrospinal fl uid studies, especially in cases 
involving cataplexy.28 Sleep studies are important in diagnosing narcolepsy. Included in 
the diff erential diagnosis of excessive daytime sleepiness are chronic illness, sleep apnea, 
hypothyroidism, depression, and seizures.

Narcolepsy is a lifelong condition, but central nervous system stimulants such as meth-
ylphenidate and modafi nil help reduce the frequency of naps. Tricyclic medications such as 
imipramine are used to treat cataplexy and the other associated symptoms.29

When to Refer

• Diagnosis cannot be made by history and physical examination
• Need exists for subspecialty expertise

When to Admit

• Child needs video electroencephalographic monitoring to evaluate an episode
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 Chapter 57

Odor (Unusual Urine 
and Body)
Erik Langenau, DO, MS

Unusual odors in children may be a chief complaint, symptom, or sign. Th e odors may 
emanate from the breath, urine, skin, sputum, vomitus, stool, or vagina,1 and they can 
provide helpful clues in the diagnosis of many specifi c conditions.

 DEFINITION OF TERMS
Although unusual odors can be caused by many diff erent conditions, bromhidrosis and 
halitosis require careful attention.

Bromhidroisis, a condition in which sweat is malodorous and off ensive, is caused by 
decomposition of products from the apocrine, eccrine, and sebaceous glands.2 Apocrine 
bromhidrosis, which begins after puberty with a characteristic acrid or sweaty odor, results 
from a combination of short-chain fatty acids, ammonia, androgenic steroids, hexanoic acid, 
and saturated ketones and indoles.2 Eccrine bromhidrosis results from bacterial interaction 
with moist keratin and is caused by hyperhidrosis, obesity, intertrigo, and diabetes mellitus; 
it is aggravated by hot weather and occurs primarily in the soles, palms, and intertriginous 
areas.2

Halitosis is an off ensive odor emanating from the mouth or air-fi lled cavities such 
as the nose, sinuses, or pharynx3; it may be physiologic or pathologic, with numerous 
causes, such as xerostomia (dry mouth), periodontitis, sinusitis, tonsillitis, or gastro-
esophageal refl ux.4

 EVALUATION OF UNUSUAL ODORS
Th e diff erential diagnosis of unusual odors is extensive and includes numerous systemic, 
metabolic, toxic, and infectious diseases. Th e physician may inquire about the presence or 
absence of an odor when evaluating a child with a particular infection, dermatologic condi-
tion, metabolic disease, or ingestion.1,5–7 After a thorough history and physical examination 
is conducted, the diff erential diagnosis of an unusual odor can become more focused.

Chief Complaint
If an unusual body odor is the chief complaint, a thorough history of the present illness helps 
narrow the diff erential diagnosis. Relevant questions may include the following:
When did you fi rst notice the odor?
What does it smell like?
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Does it smell like anything familiar?
What is the quality?
What is the intensity?
Does it seem to come from a certain part of the body?
Does bathing or cleaning make it better?
Are there any other associated symptoms, such as vomiting, weight loss, lethargy?
Do other members of the family have similar odors?
Do any family members have metabolic or infectious diseases?
Have you seen any insertion of a foreign body in the nose, ear, anus, or vagina?
Has your child taken any oral or topical medications, vitamins, herbal supplements, or 

toxins?
How has the odor aff ected the child and family?  

Physical Examination
In assessing an odor, the examiner should note the character of the odor, determine the 
patient’s age (and stage of pubertal development), check for any other signs or symptoms 
during a complete examination with the child unclothed, and attempt to localize the odor 
to a particular body site.

In a routine medical encounter, an odor may be the fi rst observation when the patient 
enters the examining room. Odors are often diffi  cult to describe because of insuffi  cient 
standards for classifying, qualifying, quantifying, and teaching about them.8,9 Historically 
and practically, odors have been compared with others for which physicians have common 
experience, and odor strength is characterized by such adjectives as strong or faint. In addi-
tion, individuals diff er in their ability to detect at least some odors and in their assessments 
of whether certain odors are off ensive. Gas-liquid chromatography and enhanced odor clas-
sifi cation systems now allow more precise identifi cation of odors.10 Artifi cial nose technology, 
which can sense a wide range of volatile chemicals and be trained in pattern recognition, 
may soon become a tool to supplement the physician’s own nose.11,12 Artifi cial noses or 
bioelectronic noses have already been used to detect diseases such as tuberculosis, urinary 
tract infections, Helicobacter pylori infection,13 gastroesophageal refl ux disease,14 bacterial 
vaginosis,15 diabetes,16 and a number of cancers.17

If a patient reports an intermittent unusual odor that is never detected by others, then 
the possibility of temporal lobe epilepsy with olfactory manifestations should be enter-
tained.18 On the other hand, if the physician notices a clearly off ensive body odor, but 
the patient or parent does not, then anosmia should be considered. Causes of impaired 
olfaction may include various endocrinopathies such as Kallmann syndrome, diabetes, 
Turner syndrome, and hypothyroidism; neuropsychiatric conditions such as schizo-
phrenia; infections such as rhinitis and sinusitis; autoimmune diseases such as Sjögren 
syndrome, granulomatosis with polyangiitis (formerly known as Wegener granulomatosis) 
and multiple sclerosis; or medications including metronidazole, tetracycline, captopril, and 
amphetamines.8,19–22

Physicians should also be aware that odor recognition involves complicated molecular 
and genetic mechanisms.23 Sex, age, and genetic variation may lead to diff erences in 
abilities and thresholds for detecting odors.8,21,24 Physicians and patients may therefore vary 
in their ability to detect certain odors.
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 DIFFERENTIAL DIAGNOSIS OF UNUSUAL ODORS
An array of odors can be associated with the human body and clothing, and subtle diff er-
ences in odor can be found among people as well. Th erefore the fi rst task may be to decide 
whether a particular odor truly is peculiar and whether it emanates from the body. Th e odor 
may be simply a normal body odor that draws attention because of its intensity or because 
the complainant is unusually sensitive to or concerned about it.

Normal Body Odor
Normal body odors derive from secretions of the sweat and apocrine glands, vagina, cervix, 
respiratory tract, urine, feces, breath, and fl atus.5 Odor may be produced or modifi ed by the 
action of normal or abnormal microbial fl ora.

In Western culture, people often minimize body odors by frequently changing their 
clothing, bathing, and using deodorants, antiperspirants, mouthwashes, douches, or scents 
applied to the skin. If one of these artifi cial odors is too strong, then the physician may 
wonder what the patient is trying to hide. On the other hand, if a patient does not practice 
these customs, then the physician may detect an odor that is off ensive and then must decide 
why the patient is not complying with social expectations.

Body odor changes with puberty, and a characteristic adult odor may prompt a child 
(or the child’s parents) to seek medical attention.

Axillary Odor
Axillary odor, which varies in intensity from person to person, is often the strongest odor 
associated with adolescents and adults.5 Its pungency has long been attributed to the action 
of aerobic diphtheroids on apocrine secretions. Recent work has identifi ed odor-binding 
proteins that originate in the apocrine glands. Th e most abundant of the smelly compounds 
may be (E)-3-methyl-2-hexenoic acid.25 Bacterial decomposition of androsterone is another 
possible cause of axillary odor.26 Axillary hair seems to retain or spread odor.27

Some adolescents and adults have axillary odor that is unusually strong, a condition called 
osmidrosis axillae or axillary apocrine bromhidrosis. Th e odor emanates from the apocrine 
glands. Possible explanations include specifi c features of apocrine androgen metabolism,28 
bacterial alteration of sweat,29 and abnormally large and numerous apocrine glands.30 A variety 
of topical interventions, as well as surgical excisions, have been used to treat this condition.

Vaginal Odor
Th e odor of postpubertal vaginal secretions varies among individuals and with the menstrual 
cycle. Vulvar secretions, vaginal wall transudates, exfoliated cells, cervical mucus, fl uids from 
the endometrium and uterine tubes, and metabolic products of the vaginal microfl ora all 
contribute.31 Some people characterize the resulting odor as unpleasant, even in the absence 
of vaginitis. Odor during menses is usually rated as the most off ensive.31 Some individuals 
may be concerned about these normal odors. Th e rotten fi sh smell of the vaginal discharge 
associated with bacterial vaginosis is caused by trimethylamine.32

Mouth Odor
Th e odor of a healthy mouth is assumed to be inoff ensive in childhood; however, bad breath 
is not uncommon, even in an otherwise well child. Halitosis in the absence of disease is 
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thought to be caused by volatile sulfur compounds (hydrogen sulfi de and methyl mercap-
tan), which are formed when the oral fl ora metabolize proteins that are found in the saliva 
or adhering to the teeth, tongue, or gums.4 Halitosis is exacerbated by infrequent eating 
and drinking, which ordinarily have a fl ushing action. Acutely, halitosis may accompany 
a variety of childhood respiratory tract and gastrointestinal infections. Persistent halitosis 
should prompt evaluation for dental or gingival disease, a nasal foreign body, lung disease, 
or gastroesophageal refl ux.4

Simple oral hygiene can temporarily modify mouth odor. Brushing the teeth and the 
dorsoposterior surface of the tongue and then rinsing with water or a mouthwash may well 
reduce both the concentrations of volatile sulfur compounds and the off ensive odor.4

Foot Odor
Eccrine bromhidrosis, tinea pedis (athlete’s foot), and pitted keratolysis have been associ-
ated with increased foot odor. Each of these conditions may be exacerbated by occlusive 
footwear (eg, boots) and a hot, humid climate. Th e odor from eccrine bromhidrosis of the 
feet is thought to result from the breakdown of keratin and lipids by diphtheroids; fatty acid 
metabolites may be the agents responsible for the odor.2 Pitted keratolysis (plantar keratolysis 
puncta) is characterized by white plaques and shallow pits on the plantar surface. Various 
gram-positive bacteria and dermatophytes have been identifi ed in aff ected patients. Th e odor 
is thought to be related to the breakdown products (such as thiols and thioesters) of these 
microorganisms within the stratum corneum.2 Conditions associated with foot odor may 
respond to a combination of moisture control, topical antibiotics, and antifungal agents.

Metabolic Abnormalities
Certain metabolic defects are associated with an unusual odor of the urine,33 sweat, and other 
body fl uids because of accumulation of odoriferous metabolic precursors or byproducts. Th ese 
metabolic disorders and associated odors are listed in Table 57-1. Metabolic disorders should 
be suspected if an infant has an unusual body odor, especially if the patient is ill appearing, 
malnourished, or ketotic. Recognizing the odor in a compatible clinical situation may lead 
to early diagnosis, and prompt treatment may prevent progressive brain damage or death. A 
specialist in metabolic diseases should be consulted, and an appropriate diet should be started 
while a more thorough metabolic evaluation is being completed. Th e odor itself may lead 
to embarrassment, low self-esteem, and psychosocial problems. In some conditions, dietary 
manipulation may reduce the malodor as well as other symptoms.34

Foreign Bodies
Retention of a foreign body in an orifi ce may lead to a focal foul smell. Retained foreign 
bodies within the vagina (eg, tampons, diaphragms), auditory canals, and nostrils are com-
mon causes of local foul odor. A retained foreign body may also be related to a generalized 
body odor because odoriferous substances are absorbed and secreted in sweat.52 Nasal foreign 
bodies are the most commonly associated with this condition.53,54

Inhalation, Poisoning, and Ingestion
When inhalation or ingestion of a toxic substance is suspected, odor may provide a clue to 
the substance involved. Common associations are listed in Table 57-2. When puzzled, the 
physician should consult a poison control center.
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Table 57-1
Metabolic Abnormalities Associated With Unusual Odor

DISEASE
DESCRIPTION 
OF ODOR CLINICAL FEATURES METABOLIC DEFECT

3-hydroxy-3-
methylglutaryl-CoA 
lyase defi ciency

Cat urine Malaise, hypoglycemia, hepa-
tomegaly, transaminitis, mild 
acidosis

3-hydroxy-3-
methylglutaryl-CoA lyase

Glutaric aciduria 
type II (multiple acyl-
CoA dehydrogenase 
defi ciency)

Sweaty feet, 
acrid, stale

Hypoglycemia, hypotonia, 
hepatomegaly, respiratory 
distress, death

Electron transfer 
fl avoprotein (ETF) or 
ETF:ubiquinone oxidore-
ductase (ETF:QO)

Hawkinsinuria Swimming pool Failure to thrive, hepato-
megaly, anemia, irritability

4-hydroxyphenylpyruvate 
dioxygenase

Hypermethioninemia Boiled cabbage Usually asymptomatic. Some 
develop intellectual disability, 
dystonia.

Methionine 
adenosyltransferase

Isovaleric acidemia Sweaty feet, 
acrid

Acidosis, vomiting, dehydra-
tion, coma, mild-to-moderate 
intellectual disability, aversion 
to protein foods

Isovaleric acid CoA 
dehydrogenase

Ketoacidosis Fruity, acetone-
like, decompos-
ing apples

Vomiting, dehydration, altered 
mental status, lethargy

Ketoacidosis (eg, from 
starvation or insulin 
defi ciency)

Maple syrup urine 
disease

Maple syrup, 
burnt sugar, 
curry, malt, 
caramel, fenu-
greek beans

Severe form: feeding diffi culty, 
vomiting, lethargy, acidosis, 
seizures, coma leading to 
death in fi rst months of life

Mitochondrial branched-
chain alpha–keto 
dehydrogenase complex

Intermediate form: mild 
acidosis, intellectual disability, 
developmental delay, 
ophthalmoplegia

Intermittent form: episodic 
ataxia and lethargy that may 
progress to coma

Thiamine-responsive form: 
respond to supplementation

E3-defi cient form: variable 
expression

Multiple carboxylase 
defi ciency

Tomcat urine Failure to thrive, hypotonia, 
vomiting, seizures, rash

Holocarboxylase 
synthetase

Oasthouse urine 
disease (methionine 
malabsorption 
syndrome; Smith-
Strang disease)

Dried celery, 
malt, hops, 
yeast, beer

Diarrhea, intellectual disability, 
spasticity, attacks of hyper-
pnea, fever, edema

Kidney and intestinal 
transport of methionine, 
branched-chain amino 
acids, tyrosine, and 
phenylalanine

Phenylketonuria Musty; similar 
to a mouse, 
horse, wolf, or 
barn

Vomiting, progressive mental 
retardation, microcephaly, 
eczema, decreasing pigmenta-
tion, seizures, spasticity

Phenylalanine 
hydroxylase

Continued
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Trimethylaminuria 
(fi sh odor syndrome)

Dead or rotting 
fi sh

Usually asymptomatic with 
isolated fi nding. Fish odor of 
urine and body.

Trimethylamine oxidase

Tyrosinemia Boiled cabbage, 
rancid butter

Liver failure, death Fumarylacetoacetate 
hydrolase defi ciency

Data derived from multiple sources.1,2,34–51

Table 57-2
Inhalations, Poisonings, and Ingestions Associated With 

Recognizable Odors

ODOR SITE SUBSTANCE IMPLICATED

Bitter almond Breath Cyanide (chokecherry, apricot pits), jetberry bush

Burned rope Breath Marijuana

Camphor Breath Naphthalene (mothballs)

Carrots Breath Water hemlock (cicutoxin)

Coal gas Breath Coal gas (associated with odorless but toxic carbon 
monoxide)

Disinfectant Breath Phenol, creosote

Fishy Breath Zinc or aluminum phosphide

Fruity, acetone or 
decomposing apples

Breath Lacquer, salicylates, chloroform

Fruity, alcohol Breath Alcohol (ethanol, isopropyl alcohol), phenol, 
acetone, amyl nitrites (poppers)

Fruity, pearlike Breath Chloral hydrate, paraldehyde

Garlic Breath, vomitus, stool Arsenic

Breath, vomitus Phosphorus, tellurium, parathion, malathion, 
dimethyl sulfoxide, selenium

Glue Breath, vomitus Toluene, solvents (huffi ng)

Hydrocarbon Breath, vomitus Hydrocarbons

Medicinal, musty Urine Penicillins, cephalosporins

Metallic Breath Iodine

Stool Arsenic

Vomitus Arsenic, phosphorus

Rotten eggs Breath Hydrogen sulfi de mercaptans, disulfi ram, dimethyl 
sulfate, N-acetylcysteine

Severe bad breath Breath Amphetamines

Shoe polish Breath Nitrobenzene

Stale tobacco Breath Nicotine

Sulfi des or amines Skin War gases

Violets Urine, vomitus Turpentine

Wintergreen Breath Methyl salicylate

Data derived from multiple sources.1,2,6,55,56

Table 57-1
Metabolic Abnormalities Associated With Unusual Odor—cont’d

DISEASE
DESCRIPTION 
OF ODOR CLINICAL FEATURES METABOLIC DEFECT
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Table 57-3
Odor as a Clue to Infection

INFECTION ODOR

Respiratory and Ear, Nose, and Throat Infections

Candidiasis Sweet, fruity

Diphtheria Sweet

Intranasal foreign body Foul and putrid

Lung abscess, empyema, bronchiectasis, fetid 
bronchitis

Foul, putrid breath or sputum

Pseudomonas infection, otitis externa Foul cerumen

Rubella Fresh-plucked feathers

Trench mouth, tonsillitis, gingivitis Severe halitosis

Tuberculous lymphadenitis (scrofula) Stale beer

Typhoid fever Fresh-baked brown bread

Yellow fever Butcher shop

Skin Infections

Candida (skin) Heavily sweet

Decubitus ulcer Foul

Diphtheria (skin) Sweet

Erythroderma Rancid

Hidradenitis suppurativa Lingering, pungent

Pitted keratolysis (gram-positive bacteria and 
dermatophytes)

Cheesy, sweaty, rotten smell from feet

Pseudomonas skin infection (burns) Musty, fruity, grapelike, wet corn tortillas

Syphilis (condyloma latum) Foul

Tinea capitis Mousy, mouse urine–like

Genitourinary Infections

Bacterial vaginosis Amine, fi shy vaginal discharge

Genital warts (condyloma acuminatum) Foul

Urinary tract infection with urea-splitting 
bacteria

Ammoniacal urine

Vaginal foreign body, vaginitis Foul vaginal discharge

Penicillin and cephalosporins give the urine a medicinal or musty smell.2 Topical 
benzoyl peroxide has been implicated in at least 1 case of persistent body odor.57 Th iourea 
compounds give the breath a sweet smell, resembling that of decaying vegetables.58 Newborns 
have smelled spicy when their mothers ate particular curries before labor.59

Other Diseases
Odor may suggest either the presence of an infection (Table 57-3) or other acquired 
medical conditions (Table 57-4).

Continued
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Gastrointestinal Infections

Rotavirus gastroenteritis Full

Shigellosis Rancid stool

Neurologic Infections

Cryptococcus meningitis Alcohol smell to cerebrospinal fl uid

Miscellaneous Infections

Chorioamnionitis Foul-smelling amniotic fl uid

Infectious Etiologic Agents

Anaerobic bacteria Foul-smelling wound, rotten apples

Candida infection Sweet, fruity, beer odor in peritoneal dialysate

Clostridium gas gangrene Rotten apples

Proteolytic bacteria Pus that smells similar to feces or overripe cheese

Proteus infection Mousy

Pseudomonas aeruginosa Musty, fruity, grapelike, wet corn tortillas

Data derived from multiple sources.1,2,4,6,13,32,60–63

Table 57-4
Other Conditions Associated With Specifi c Odors

DISEASE ODOR

Systemic Diseases

Hepatic failure Breath: musty fi sh, raw liver, feces, rotten eggs, or newly 
mown clover (Fetor hepaticus) (caused by mercaptans such 
as dimethyl sulfi de)

Ketoacidosis (diabetes or starvation) Breath: fruity, acetone-like, decomposing apples (caused by 
ketones)

Uremia Urine: fi shy (caused by dimethylamine and trimethylamine)

Breath: ammoniac (caused by ammonia)

Vitamin Defi ciencies

Pellagra (niacin defi ciency) Sour or musty bread

Scurvy (vitamin C defi ciency) Putrid

Dermatologic Conditions

Psoriasis (pustular) Skin: heavy

Skin diseases with protein breakdown 
(pemphigus)

Skin: foul, unpleasant

Gastrointestinal Conditions

Malabsorption Feces: foul

Melena (gastrointestinal bleeding) Feces: foul

Surgical Conditions

Esophageal diverticulum Breath: feculent, foul

Table 57-3
Odor as a Clue to Infection—cont’d

INFECTION ODOR

Continued
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 SUMMARY
Once an odor is identifi ed and evaluated, a proper diagnostic and treatment plan can 
begin. Identifi cation of odors can be impeded by poor association between odors and 
names and failure to retrieve the name of an odor.69 Physicians can be trained to improve 
their sense of odor recognition with the aid of educational materials (study guides), 
simulations with volatile samples on rounds,70 surgical simulators,71 and sniffi  ng bar 
test tubes.56

Odor is imprecise. Not surprisingly, with many other diagnostic aids at hand, today’s 
physicians have minimized olfactory cues.52 However, odor should not be neglected; it may 
be the patient’s primary concern, causing severe psychosocial distress. Odor identifi cation 
may provide diagnostic clues that may aid in the detection and treatment of an underlying 
disease process.

Th e author would like to acknowledge the valuable contribution of Modena H. Wilson, MD, 
MPH, to this chapter.
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 Chapter 58

Petechiae and Purpura
Lisa Figueiredo, MD; Adam S. Levy, MD

 INTRODUCTION
Petechiae and purpura result from a wide variety of underlying disorders and may occur 
at any age. Petechiae are small (1–3 mm), red, nonblanching macular lesions caused by 
intradermal capillary bleeding (Figure 58-1). Purpura are larger, typically raised 
lesions resulting from bleeding within the skin (Figures 58-2 and 58-3). Purpura can 
vary somewhat in color based on the age of the lesion as the blood within the skin 
is metabolized and fades. Similar to petechiae, purpura do not blanch and may occur 
anywhere on the body.

 EVALUATION
Th e evaluation of a patient with petechiae or purpura begins with a complete history that 
can readily eliminate most disorders from the diff erential diagnosis. Special attention must 
be paid to recent trauma, bleeding history, medication use, and symptoms consistent with 
infection, malignancy, and autoimmune, vasculitic, connective tissue, or rheumatologic 

Figure 58-1
Cutaneous petechiae on the shins and ankles: nonblanching, erythematous macules, often less than 
3 mm in size.
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Figure 58-2
Occasional petechiae on the face and large, bullous hemorrhages on the buccal mucosa.

Figure 58-3
Palpable purpura of the lower extremity: erythematous, nonblanching papules that often measure more 
than 3 mm in size. 
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disorders. Physical examination should determine whether the skin fi ndings are isolated or 
evidence that a more generalized process is present. Particular physical fi ndings to evaluate 
include hepatosplenomegaly, lymphadenopathy, arthritis, arthralgias, or fi ndings that are 
consistent with an acute viral syndrome. Th e history and physical examination will dictate 
the appropriate laboratory evaluations, but at a minimum, a complete blood count with 
platelets and diff erential count, as well as assessing prothrombin time and partial thrombo-
plastin time, are typically indicated. Likely diagnoses are detailed here, and the complete 
evaluation indicated will be discussed.

 DIFFERENTIAL DIAGNOSIS—GENERAL CONSIDERATIONS
Neither petechiae nor purpura are pathognomonic of a specifi c disorder. Th e physician 
must entertain a broad diff erential diagnosis and consider disorders of hemostasis as well as 
infection, autoimmune disorders, trauma, malignancy, and other rare causes (eg, vasculitis, 
connective tissue disorders). Th e age at presentation, overall appearance, and the extent of 
the lesions may help defi ne the underlying pathophysiologic mechanism. For example, scant 
petechiae on the face of a well-seeming newborn would not be particularly concerning after a 
vaginal delivery because these lesions are likely caused by the trauma of passing through the 
birth canal. However, a newborn with diff use petechiae warrants further evaluation.1,2 If 
the child seems ill, then sepsis must be strongly considered; if the child seems well, then a 
platelet disorder should be considered. Th us, petechiae and purpura must be evaluated in 
the overall context of the patient, severity and extent of the lesions, and history and age of 
the patient.

With petechiae or purpura, the possibility of a hemostatic defect is always a concern. For 
isolated petechiae, the physician must consider a primary platelet disorder (ie, low platelet 
number, platelet dysfunction). Purpura may result from a platelet disorder or other coagula-
tion defect, which can be classifi ed as primary or as a secondary phenomenon from an under-
lying disease. Platelet disorders can also be classifi ed into disorders of platelet production, 
disorders of platelet survival (destruction), or disorders of platelet function. In the case of 
connective tissue disorders, easy bruising is not secondary to a hemostatic defect, but rather 
is caused by the fragility of the capillaries and the perivascular connective tissues. As such, 
easy bruising and bleeding may be characteristic manifestations of disorders unrelated to the 
commonly considered clotting and platelet disorders.3 In general, however, when presented 
with a patient with petechiae and purpura, the physician must consider thrombocytopenia 
as the proximate cause.

Th e normal platelet count is between 150,000 and 450,000/mm.4 Patients with a 
platelet count greater than 80,000 will be hemostatically normal as long as platelet func-
tion is not altered. With a platelet count between 50,000 and 80,000, increased bleeding 
with trauma is likely, but spontaneous bleeding would be unusual. Between 20,000 and 
50,000, a mild bleeding diathesis is expected. With a count of less than 20,000, spon-
taneous mucosal bleeding can occur, and a count of less than 10,000 is concerning for 
spontaneous severe bleeding.

Infectious Causes of Petechiae and Purpura
Th e mechanism by which a variety of viruses cause thrombocytopenia is not clear 
and may involve decreased platelet production or immune-mediated destruction.  
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Live virus vaccinations, notably varicella and measles, can cause moderate thrombo-
cytopenia.4 Cytomegalovirus has been implicated in thrombocytopenia, but treat-
ment of cytomegalovirus has not affected the outcome of patients monitored for 
chronic thrombocytopenia.5 Parvovirus has been associated both with isolated 
thrombocytopenia and with pancytopenia.6–8 Dengue fever and other viral hemor-
rhagic fevers are known to cause thrombocytopenia, and patients may develop petechiae 
and purpura as a result.9,10 Rickettsial diseases such as Rocky Mountain spotted fever 
may produce a petechial rash. Alterations of the endothelial lining of blood vessels 
cause thrombi formation and platelet destruction. Th rombocytopenia and disseminated 
intravascular coagulation (DIC) may develop.11 Malaria can also cause either mild or 
profound thrombocytopenia through mechanisms that are not well defi ned.12–14 HIV 
has been associated with thrombocytopenia resulting from bone marrow suppression 
(ie, poor production) and immune-mediated destruction.15

Platelet consumption is common in children with bacteremia and sepsis even before frank 
DIC has developed. In an ill-appearing child with petechiae or purpura, infectious causes 
must be considered and appropriate antibiotics administered based on likely pathogens. 
Bacterial meningitis in particular must be considered for the febrile ill child with petechiae 
or purpura.

Purpura fulminans has been associated with viral infections, as well as Streptococcus 
and Meningococcus species. Microscopic thromboses in arterioles result in purpura and 
infarction and bleeding within the skin and subcutaneous tissue. Th ese lesions may 
coalesce and become necrotic, and patients typically develop full DIC.

Disorders of Platelet Production: Malignancy and Bone Marrow 
Failure Syndrome
Although most patients with petechiae or purpura have a benign process, perhaps 
the greatest concern for the physician and parents is malignancy. As such the history 
must rule out the classic signs and symptoms of malignancy, including fevers, night 
sweats, weight loss, lymphadenopathy or other masses, pallor, malaise, bone pain, and 
anorexia. Of course, many of these symptoms overlap with those seen in infectious and 
autoimmune processes; thus the physical examination will help the physician greatly. 
Petechiae or purpura in the setting of hepatosplenomegaly or impressive lymphadenopa-
thy would put leukemia high on the diff erential diagnosis. Other marrow-infi ltrating 
malignancies must also be considered. If the history or physical examination is consistent 
with a malignancy, then in addition to a complete blood count and screening coagulation 
studies, a comprehensive metabolic panel, liver function tests, lactate dehydrogenase, 
and uric acid should be immediately obtained. A manual diff erential count of the 
peripheral blood should be performed as well. An important point to note is 
that the absence of leukemic blasts on a peripheral blood smear does not rule out leukemia. 
Th e diagnosis of leukemia can be made if peripheral blasts are present; however, having 
few or no peripheral blasts seen on routine microscopy is not uncommon for patients 
with leukemia.

Isolated profound thrombocytopenia is not likely to result from a malignancy; how-
ever, when more than 1 cell line on a blood count is abnormal, a bone marrow process 
must be considered. Laboratory fi ndings consistent with malignancy include elevated 
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lactate dehydrogenase, and an elevated uric acid and abnormal serum electrolytes may 
result from tumor lysis even before therapy is started. A chest radiograph should be 
obtained immediately because patients may have occult but massive mediastinal 
lymphadenopathy. 

Petechiae and purpura may be the presenting signs in patients with bone marrow failure 
secondary to nonmalignant processes. Abnormal hematopoiesis usually causes alteration of 
more than 1 cell line or all cell lines (pancytopenia). Bone marrow failure may occur second-
ary to infectious processes (viral, bacterial with sepsis), medication use (notably a variety of 
antibiotics and anticonvulsants), profound nutritional defi cits, or rare bone marrow failure 
syndromes (eg, Fanconi anemia, myelodysplastic disease, Wiskott-Aldrich syndrome). Bone 
marrow aspiration and biopsy are usually indicated to rule out malignancy and defi ne the 
abnormal hematopoiesis.

Disorders of Platelet Function: Primary Platelet Disorders
Petechiae and purpura may result from a primary platelet disorder, either qualitative or 
quantitative. Th e qualitative disorders result from platelet dysfunction; that is, the abso-
lute platelet number is normal, but the platelets lose normal hemostatic function. In most 
instances, platelet dysfunction is acquired and results from medication use. Th e classic 
example is aspirin, which causes the irreversible inhibition of cyclooxygenase within platelets. 
Other causes of acquired platelet dysfunction include uremia and liver disease, although the 
mechanisms of poor platelet function in these settings are not clear.16

Although von Willebrand disease is not a primary platelet disorder, patients com-
monly present with painless mucocutaneous bleeding. For this reason it should be 
considered in patients who have petechiae and purpura with a normal platelet count and 
no other obvious systemic disease.17 Von Willebrand disease is the most common bleed-
ing disorder and aff ects approximately 1% of the population. It results from a qualitative 
or quantitative defi ciency of von Willebrand factor, a protein required for platelet adhe-
sion. Coagulation screening along with factor VIII and von Willebrand factor assays can 
establish the diagnosis.

A variety of platelet function disorders can be considered in patients with a normal to 
near-normal platelet number but who are bleeding and have petechiae or purpura. Th ese 
disorders, which are rare, can be diagnosed by a hematologist with specialized platelet aggre-
gation studies or morphologic study of platelets. Such disorders include Glanzmann throm-
basthenia, Hermansky-Pudlak syndrome, and Chédiak-Higashi syndrome. Bernard-Soulier 
syndrome, an inherited platelet disorder, is characterized by variable thrombocytopenia and 
large defective platelets.18

Disorders of Platelet Survival (Destruction)
Isolated thrombocytopenia in an otherwise well child may lead to petechiae or purpura 
as the chief complaint. Idiopathic (or immune) thrombocytopenic purpura is a diagnosis 
of exclusion that produces profound isolated thrombocytopenia and petechiae or purpura 
but few other fi ndings on physical examination. Th e laboratory workup should be normal 
except for thrombocytopenia. No other blood cell line is aff ected, and microscopic review 
of the blood reveals platelets that are too few in number but large in size, indicating that 
they are young. Idiopathic thrombocytopenic purpura is a disorder in which the platelet 
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lifespan is reduced to minutes or hours rather than the normal several days. Th e incidence 
is highest in children between 2 and 8 years of age. Although physicians performed bone 
marrow aspirates in the past to rule out malignancy or other bone marrow failure syndromes, 
most now think that the diagnosis can be made clinically, and bone marrow studies are 
rarely indicated.19–21

Typically, one-third of the total body platelet mass is sequestered within the spleen 
at any time. Whatever the cause of increased spleen size, mild thrombocytopenia may 
result. Common causes of hypersplenism include liver disease, a variety of infections 
(including Epstein-Barr virus and malaria, among others), and metabolic diseases (eg, 
Gaucher disease).22 Hypersplenism alone does not typically cause platelet counts below 
50,000. Alternative explanations should be considered for patients with moderate-severe 
thrombocytopenia.

Henoch-Schönlein purpura is an autoimmune vasculitic disorder that often pres-
ents with palpable purpura. Th e classic distribution of purpura is on the buttocks and 
legs, but purpura may be more disseminated. Laboratory evaluations fail to reveal 
an identifi able coagulopathy, nor is there a defect in the quality or quantity of their 
platelets. Th e etiology of the palpable purpura is thought to be secondary to the vas-
culitis resulting in infl ammation and weakening of the vessel walls. Other fi ndings in 
Henoch-Schönlein purpura may include arthritis, arthralgias, abdominal pain, and renal 
impairment.23–25

Hemolytic uremic syndrome (HUS) produces a constellation of fi ndings, including 
thrombocytopenia, hemolytic anemia, and renal failure, and has been associated with a 
variety of infections, most notably Escherichia coli O157:H7.26

Th rombotic thrombocytopenic purpura (TTP) shares some clinical features with HUS 
but is a distinct syndrome related to either inherited or acquired loss of function in the 
ADAMTS13 protease that cleaves von Willebrand factor. TTP, rarely seen in children, is 
characterized by purpura, thrombocytopenia, DIC, hemolytic anemia, thrombotic strokes, 
and elevated lactate dehydrogenase.27

Giant vascular malformations may cause intravascular destruction of platelets. 
Kasabach-Merritt syndrome is the classic example of a giant hemangioma causing 
severe thrombocytopenia secondary to platelet destruction. Th ese lesions are gener-
ally readily apparent; however, multiple smaller vascular malformations that are more 
diffi  cult to defi ne may cause platelet destruction as well. Although laboratory evaluation 
often fails to reveal a coagulopathy, thrombocytopenia or altered hemostasis may be 
associated with rare vascular disorders and connective tissue syndromes such as 
the hereditary telangiectasias, Ehlers-Danlos syndrome, Marfan syndrome, and osteo-
genesis imperfecta.

 SUMMARY
Petechiae and purpura may result from a variety of mechanisms requiring the physician 
to obtain a complete history and perform a thorough physical examination. Both primary 
hematologic disorders and systemic disorders are in the diff erential diagnosis. Prompt refer-
ral to a pediatric hematologist may be indicated to rule out malignancy or help manage 
altered hemostasis.
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When to Refer

• Platelet count less than 100,000/mm3

• Diff use petechiae or purpura
• Focal petechiae or purpura not clearly associated with trauma
• Evidence of more than 1 cell line abnormality on complete blood count

When to Admit

• Patient with toxic appearance
• Moderate to severe bleeding
• Concern for poor adherence
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Chapter 59

Polyuria
Ryan S. Miller, MD; Samuel M. Libber, MD; Leslie Plotnick, MD

Polyuria, or excessive urinary volume, is a symptom common to many pediatric disorders. 
It may be defi ned clinically as urine production of more than 2 L/m2/24 hours or function-
ally as inappropriately high urine output relative to circulating volume and osmolality1 
(Table 59-1). Although polyuria is often associated with polydipsia, frequent urination, 
and nocturia, these features may occur with normal urine output. Diff erentiating polyuria 
from other conditions depends on total urine output. In situations in which the exact daily 
urinary volume is unknown, a detailed history of fl uid intake and urinary habits may help 
delineate the primary symptom.

With an older child, the parent may perceive an increase in fl uid intake to be more 
prominent than polyuria. However, infants with polyuria, because they do not have inde-
pendent access to fl uids, are more likely to fall into negative water balance, with weight loss, 
dehydration, and electrolyte disturbances. Chronic or recurrent electrolyte disturbances 
in unrecognized diabetes insipidus (DI) may result in growth failure and central nervous 
system (CNS) injury.

 PATHOPHYSIOLOGIC FEATURES
Normal serum osmolality and water balance are maintained primarily by release of arginine 
vasopressin (antidiuretic hormone [ADH]), thirst, and kidney function. Serum osmolal-
ity is tightly regulated—an increase in osmolality as small as 1% stimulates measurable 
release of vasopressin from the posterior pituitary.2 Vasopressin binds the V2 receptor of the 
renal tubules, resulting in insertion of aquaporin-2 protein at the apical surface of cortical 
cells and allowing water to enter the cell. Under normal conditions, plasma osmolality is 
maintained within a narrow range—about 285 to 290 mOsm/kg. Vasopressin levels rise 
as plasma osmolality increases above this range. However, maximal antidiuresis is reached 
at a plasma vasopressin concentration of 4 pmol/L, at which point urine cannot be further 
concentrated (Figure 59-1).

Table 59-1
Normal Urine Volume

AGE RANGE DAILY OUTPUT (24 hr)

Newborn 150 mL/kg

Infant 110 mL/kg

Older child 40 mL/kg
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Vasopressin alone cannot restore fl uid balance and osmolality; fl uid replenishment is also 
required. Small increases in osmolality have been shown experimentally to stimulate thirst 
by increasing the concentration of solutes such as sodium chloride and sucrose (solutes that 
do not readily cross nerve cell membranes).3 Th is action results in intracellular dehydra-
tion, activating osmoreceptors in the brain that initiate neural mechanisms and resulting in 
generation of thirst. Th e osmolality at which thirst is experienced is likely higher than the 
point at which vasopressin production rises.

 DIFFERENTIAL DIAGNOSIS
Polyuria can be caused by any one of several conditions that play a role in water balance, 
each of which leads to the excretion of large volumes of dilute urine. Disorders of water 
balance fall into 4 major categories: central DI, nephrogenic DI, excessive fl uid intake, and 
osmotic diuresis. DI is characterized by polyuria, polydipsia, dilute urine, dehydration, 
and hypernatremia. Central DI results from a defi ciency in vasopressin secretion, whereas 
nephrogenic DI is the result of reduced renal sensitivity to circulating vasopressin. Polyuria 
can also be a manifestation of excessive persistent fl uid intake (primary polydipsia) or osmotic 
(solute) diuresis, as in uncontrolled diabetes mellitus (DM). In reaching a diagnosis in a 
patient who has polyuria, the physician must consider the systems involved in maintaining 
normal serum osmolality and water balance (Box 59-1).

Central Diabetes Insipidus
Central or neurogenic DI is a condition in which secretion of vasopressin by the posterior 
lobe of the pituitary gland is inadequate to maintain normal serum osmolality, resulting in 
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Figure 59-1 
Relation between urine osmolality and plasma arginine vasopressin under various states of hydration. The 
stippled area is the normal reference range. LD represents the limit of detection of the assay (0.3 pmol/L).
(From Baylis PH, Cheetham T. Diabetes insipidus. Arch Dis Child. 1998;79(1):84–89, with permission.)
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diuresis of varying degrees of severity. Of the known causes of central DI, nearly one-half of all 
cases result from a primary brain tumor, and about 18% are from histiocytosis or infi ltrative 
processes. About 25% of cases are considered idiopathic. Familial vasopressin defi ciency, also 
known as familial neurohypophyseal diabetes insipidus (FNHDI), is typically an autosomal 
dominant disorder and is rare, accounting for about 5% of all cases of DI. Although 
many mutations have been reported in the arginine vasopressin (AVP) gene, most 
cases involve mutations in the gene for neurophysin II (NPII), the carrier protein for AVP.4 
In FNHDI, symptoms typically do not appear until 5 to 10 years of age.5 Th e syndrome 
consisting of DI, DM, optic atrophy, and deafness (DIDMOAD syndrome) typically presents 
in early childhood.6 Vasopressin defi ciency is associated with certain congenital malfor-
mations (eg, septo-optic dysplasia, holoprosencephaly) and can result from CNS injury or 
tumor resection. After head trauma or surgery, patients may have a period of antidiuresis 
after transient polyuria, followed by persistent central DI (triple-phase response).7

In recent years, fewer cases of DI have been diagnosed as idiopathic, and a higher pro-
portion have been diagnosed as occurring secondary to CNS infection or intracranial birth 
defects.8 Autoantibodies to hypothalamic vasopressin cells have been detected in some 

BOX 59-1

Diff erential Diagnosis of Polyuria in Childhood
 1. Neurogenic vasopressin defi ciency

 a. Familial
 b. Idiopathic
 c. Congenital malformations (septo-

optic dysplasia, holoprosencephaly, 
encephalocele)

 d. Acquired
   i.  Head trauma
  ii.  Vascular event (thrombosis or 

hemorrhage)
 iii.  Postinfection (meningitis, enceph-

alitis, congenital cytomegalovirus, 
toxoplasmosis)

  iv.  Tumor (craniopharyngioma, 
germinoma, optic glioma)

   v.  Systemic infi ltrative diseases 
(histiocytosis, syphilis, tuberculo-
sis, sarcoidosis)

 vi.  Infl ammatory (lymphocytic 
hypophysitis)

 vii. Guillain-Barré syndrome
viii. Autoimmune disorders

 2. Renal vasopressin insensitivity
 a. Familial nephrogenic diabetes insipidus

   i.  V2 receptor gene defect (X-linked)
  ii.  Aquaporin-2 gene defect 

(autosomal recessive)

 b. Acquired
  i. Postobstructive
 ii.  Drug-induced (lithium, 

amphotericin B)
iii.  Associated with systemic disease 

(sickle cell disease, sarcoidosis, 
amyloidosis)

 iv.  Metabolic (hypercalcemia, 
hypokalemia)

 3. Other renal disorders
 a. Renal tubular defects (cystinosis, 

distal renal tubular acidosis, Bartter 
syndrome, renal Fanconi syndrome, 
ARC syndrome)

 b. Nephronopthisis
 4. Excessive fl uid intake

 a. Primary polydipsia
 b. Water intoxication

 5. Osmotic diuresis
 a. Diet-induced
 b. Drug-induced
 c. Diabetes mellitus (type 1 or 2)

ARC, arthrogryposis, renal tubular dysfunction, and cholestasis. 
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children previously thought to have idiopathic DI. Interestingly, about 50% of the patients 
who have histiocytosis also have vasopressin cell autoantibodies.9 In adolescents with acquired 
lymphocytic or granulomatous hypophysitis, hyperprolactinemia and other anterior pituitary 
dysfunction may accompany the DI.10 Th e physician must search diligently for an underlying 
lesion that may not be evident at the initial evaluation.

Nephrogenic Diabetes Insipidus
Renal disorders, both congenital and acquired, may be associated with polyuria because 
of a complete or partial inability of the renal tubule to concentrate urine despite normal 
or elevated circulating levels of vasopressin. Inherited forms of nephrogenic DI are rare, 
and symptoms of profound polyuria—vomiting, fever, failure to thrive, and hypernatremic 
dehydration—typically occur within the fi rst weeks of life. Breastfed infants may show signs 
later than those who are bottle fed because of the lower osmotic load in human milk. Th e 
condition can be associated with damage to the CNS or even death if the infant develops 
recurrent hypernatremic dehydration. Older children and adults may be able to adjust their 
oral fl uid intake to maintain serum osmolality. Mutations in the vasopressin V2 receptors of 
the distal convoluted tubule and collecting duct have been reported in aff ected members of 
kindreds with nephrogenic DI.11,12 A rare form of autosomal recessive nephrogenic DI has been 
described in patients with mutations in the gene for the water-channel protein aquaporin-2.13

Besides the hereditary form of nephrogenic DI, the physician must consider other renal 
tubular defects in which vasopressin resistance has been observed. Patients who have cysti-
nosis, distal renal tubular acidosis, renal Fanconi syndrome, or Bartter syndrome may have 
polyuria. An association between nephrogenic DI and the syndrome consisting of arthro-
gryposis, renal tubular dysfunction, and cholestasis (ARC syndrome) has been recognized; 
aff ected children are prone to severe growth impairment, as well as to intellectual disability 
and deafness.14 Structural abnormalities of the kidney leading to polyuria include congenital 
abnormalities such as renal dysplasia, familial juvenile nephronophthisis–medullary cystic 
disease, and oligomeganephronia, as well as acquired lesions caused by chronic pyelonephritis 
or obstructive uropathy.

In a systematic review of causes of nephrogenic DI, the most frequently reported risk 
factors for reversible vasopressin insensitivity were lithium, antibiotics, antifungals, antineo-
plastic agents, and antivirals.15 Longer duration of treatment with lithium correlated with 
increased risk for irreversible DI. Metabolic disturbances can also result in reversible vasopres-
sin resistance. Hypercalcemia and hypokalemia each may be associated with a nephropathy 
in which tubular ability to conserve water is lost. Certain systemic disorders, such as sickle 
cell disease, sarcoidosis, and amyloidosis, also may cause renal tubular dysfunction and 
result in polyuria.

Excess Water Intake
Polyuria is sometimes a consequence rather than a cause of excessive fl uid intake. Th e ailment 
has a gradual onset, unlike the more abrupt onset typical of central DI. Primary polydipsia 
is a rare cause of polyuria in childhood.16 In primary polydipsia, excess fl uid intake can 
alter the renal medullary concentration gradient, leading to a relatively hypo-osmolar state. 
Primary polydipsia is diagnosed after excluding other possible causes of excessive water 
intake. However, as recently demonstrated in a child who was found to have a mutation in 
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the AVP gene, an individual with evolving central DI can have a normal water deprivation 
test early in the disease course.17

Th e term psychogenic polydipsia has been used to characterize excessive water drinking 
in institutionalized psychiatric patients and is most commonly associated with schizophre-
nia.18,19 Although some investigators believe this disorder is caused by a primary psychiatric 
disturbance, a study of adult patients with polydipsia and hyponatremia showed evidence 
of a defect in water excretion, osmoregulation of water intake, and vasopressin secretion.20 
Although typical antipsychotic drugs such as haloperidol have been associated with worsen-
ing of polydipsia, clozapine has been reported to signifi cantly reduce excessive water intake 
in limited studies.19,21

Osmotic Diuresis
Some patients have polyuria with renal water loss resulting from an osmotic diuresis. 
Glycosuria is frequently found to be the cause of sudden onset of polyuria in children 
with uncontrolled DM. In both type 1 and type 2 DM, diminished carbohydrate use 
results in hyperglycemia and glycosuria. When present in the urine at high concentra-
tions, glucose acts as an osmotic diuretic, resulting in polyuria. Chronic hyperglycemia 
may also cause a form of partial nephrogenic DI.22 Osmotic diuresis may also be 
provoked by mannitol, radiologic contrast agents, or high-protein feedings (in which 
urea acts as the osmotic agent), or after the relief of bilateral urinary tract obstruction.23 
Treatment with large volumes of dextrose-containing intravenous fl uids can also result 
in hyperglycemia and polyuria. In contrast, renal glycosuria is characterized by a defect 
in renal tubular reabsorption of glucose, resulting in glycosuria without hyperglycemia 
or polyuria.

 EVALUATION
A detailed history often reveals the cause of polyuria. Age at onset, pattern of fl uid intake, 
and rate of onset of polyuria are informative. A thorough feeding history can help identify 
infants who have water intoxication. New onset of nocturia is often the fi rst manifestation 
of loss of concentrating ability. Young children with DI can have irritability as a result of 
hypernatremia and dehydration. Family history is important, given that familial forms 
of both central and nephrogenic DI exist. In most cases of familial nephrogenic DI, severe 
polyuria occurs within the fi rst weeks of life. Growth failure is a feature common to both 
nephrogenic and central DI.

A 24-hour measurement of fl uid intake and output is helpful to confi rm polyuria before 
ordering laboratory tests. Urine specifi c gravity on a fi rst-voided morning specimen is help-
ful but can be aff ected by the presence of glycosuria, proteinuria, or radiocontrast material. 
Both types of DI and primary polydipsia result in relatively dilute urine. Patients with dis-
orders resulting in renal tubular damage, such as sickle cell disease, are more likely to have 
isosthenuria with specifi c gravities in the neighborhood of 1.010. Urinalysis with micros-
copy performed on a fi rst-voided morning specimen also provides valuable information. 
Protein, casts, or formed blood elements in the urine suggest a renal disorder. Glycosuria 
with ketonuria strongly suggests DM. Other baseline studies include serum electrolytes, 
glucose, urea, phosphate, creatinine, calcium, osmolality, liver function tests, and complete 
blood count (Table 59-2).
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Urine osmolality is best interpreted with a concomitant serum sample. A hyperosmolar 
state would suggest vasopressin defi ciency or insensitivity, provided that the serum glucose 
concentration is normal. Low serum osmolality with hyponatremia suggests either primary 
polydipsia or water intoxication as the most likely diagnosis. Serum sodium level is usu-
ally normal in DI as long as free access to fl uids exists and the thirst mechanism is intact. 
Hypernatremia is commonly seen in infants with DI or when a central lesion exists that 
also impairs thirst.24 Blood chemistries will detect causes of nephrogenic DI, such as hyper-
calcemia and renal impairment.

In polyuric children with low urine specifi c gravity and no glycosuria, the next step in 
evaluation is referral to a specialist for a formal water deprivation test to determine whether 
a defect exists in vasopressin production or renal responsiveness.25 In the case of patients 
with very low urine osmolality who are strongly suspected of having nephrogenic DI, the 
response to exogenous ADH can be determined without the need for prior fl uid deprivation. 
Water deprivation testing should be undertaken with great caution in younger children and 
should not be performed in newborns. Because of the possibility of volume depletion, the 
study should be carried out during the day when supervision is optimum and should follow 
a 24-hour period of free access to fl uids.

At baseline, the physician should record vital signs and weight and obtain blood and 
urine for osmolality, urine specifi c gravity, serum sodium concentration, serum urea nitro-
gen level, and hematocrit. Blood should also be obtained at the beginning and conclu-
sion of fl uid deprivation to determine plasma ADH levels, which may be helpful if the 
response to the water deprivation test is equivocal. Fluid intake is restricted for up to 
8 hours, during which time the patient must be supervised closely to avoid surreptitious 
drinking. Th e patient should be weighed and have vital signs recorded every 2 hours for 
the fi rst 4 hours, then hourly. Blood and urine should be collected after 4 hours, then 
every 2 hours for osmolality, serum sodium, and urine specifi c gravity measurements. Th e 
test should be terminated when 1 of the following endpoints is reached: (1) the patient 
has lost 5% or more of body weight, (2) urine specifi c gravity is greater than 1.020, 
(3) urine osmolality exceeds 600 mOsm/kg, (4) plasma osmolality exceeds 300 mOsm/kg, 
or (5) serum sodium exceeds 147 mEq/L. At the conclusion of the test, weight and vital 
signs should be recorded and blood and urine collected for osmolality, serum sodium, and 
urine specifi c gravity.

Table 59-2
Interpretation of Baseline Values

CLINICAL 
SITUATION

SERUM 
SODIUM (mEq/L)

SERUM OSMOLALITY 
(mOsm/kg)

URINE 
OSMOLALITY

PLASMA 
VASOPRESSIN

Normal 135–145 280–290 50–1200 Normal

Central diabetes 
insipidus

Normal or 
elevated

Normal or elevated <200 Low

Nephrogenic 
diabetes insipidus

Normal or 
elevated

Normal or elevated <300 Normal or 
elevated

Primary polydipsia Low normal Normal or low <200 Low

Adapted from Saborio P, Tipton G, Chan J. Diabetes insipidus. Pediatr Rev. 2000;21:122–129.
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In healthy children, and in most children with primary polydipsia, the weight remains 
constant, the urine specifi c gravity rises, and the urine volume decreases. Concentrating 
ability is frequently impaired in primary polydipsia, resulting in a maximal urine osmolality 
of 500 to 600 mOsm/kg, compared with greater than 800 mOsm/kg in healthy individuals. 
Th is diff erence likely results from a reduction in the osmotic gradient across the distal renal 
tubule, with reduced renal sensitivity to vasopressin (Table 59-3).26

In the setting of continued diuresis, dehydration, weight loss, and hyperosmolality, the 
physician should suspect a diagnosis of DI. A small rise in urine osmolality may occur in 
both forms of DI from either partial vasopressin defi ciency (central) or partial vasopressin 
resistance (nephrogenic). Administration of exogenous ADH may help diff erentiate between 
the 2 disorders (see Table 59-3). In an older child, the test can be performed after a water 
deprivation test or at a subsequent visit. Extreme caution is required when performing this 
test on infants or small children because of the danger of fl uid overload and hyponatre-
mia.27 Th e patient is given free access to water after administration of desmopressin acetate 
(DDAVP), a synthetic derivative of vasopressin. Subsequently, intake, output, and urine 
specifi c gravity are recorded every 30 to 60 minutes.

In a patient with complete vasopressin defi ciency, the urine output will fall, and urine 
osmolality will increase signifi cantly. Distinguishing between patients with partial central 
DI and primary polydipsia may be diffi  cult. Individuals with partial DI may have an exag-
gerated response to the submaximal rise in vasopressin induced by fl uid deprivation.28 Urine 
may be maximally concentrated when plasma osmolality is greater than 295 mOsm/kg. In 
this situation, there may be no further response to administration of exogenous ADH, a 
pattern suggestive of primary polydipsia. Patients who have primary polydipsia will have 
an increase in urine osmolality but no response to exogenous ADH because endogenous 
release is intact. Patients with complete nephrogenic DI do not increase urine osmolality in 
response to exogenous ADH administration. In patients with partial nephrogenic DI, urine 
osmolality may increase but will still be signifi cantly lower than 300 mOsm/kg. In contrast, 
patients with partial vasopressin defi ciency typically achieve a urine osmolality greater than 
300 mOsm/kg after fl uid deprivation.

Patients with vasopressin defi ciency are best referred to an endocrinologist or neurologist so 
that the cause of the DI can be determined. A full investigation of other pituitary functions, 
visual-fi eld examination, and magnetic resonance imaging of the brain will likely be the next 
steps in evaluation. Patients should be allowed free access to fl uids, and their serum and urine 

Table 59-3
Interpretation of Water Deprivation Test and Vasopressin 

Administration

CLINICAL SITUATION
PLASMA 
VASOPRESSIN

URINE 
OSMOLALITY

URINE SPECIFIC GRAVITY 
AFTER VASOPRESSIN

Normal Increased >800 Increased

Central diabetes insipidus Low <300 Increased

Nephrogenic diabetes insipidus High <200 Unchanged

Primary polydipsia Unchanged 500–600 Unchanged or increased

Adapted from Saborio P, Tipton G, Chan J. Diabetes insipidus. Pediatr Rev. 2000;21:122–129.
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osmolality should be monitored closely. When a diagnosis of central DI has been made, studies 
must be undertaken to ascertain the cause. Although many cases are idiopathic, a thorough 
evaluation for an underlying organic lesion must be conducted. Th e tumor markers human 
chorionic gonadotropin and a-fetoprotein should be measured, and magnetic resonance imag-
ing of the pituitary and hypothalamus should be performed to assess for pituitary masses, 
craniopharyngioma, pinealoma, or pituitary stalk abnormalities. Up to 70% of patients with 
central DI will lose the normal hyperintense signal of the posterior pituitary.29

 MANAGEMENT
Management of polyuria depends largely on the underlying diagnosis and must be indi-
vidualized carefully. In most cases, the results are gratifying, but patients are often found to 
have a chronic disease that requires close, long-term surveillance.

In a severely ill patient with central DI, aqueous vasopressin (0.1–0.2 U/kg) may be given 
subcutaneously every 4 to 6 hours. Vasopressin may also be given by continuous intravenous 
infusion. Reported starting doses vary from 0.5 to 4.6 mU/kg/hr; these doses should be 
increased or decreased as needed.30,31 Vasopressin is a potent vasoconstrictor and may cause 
tissue ischemia and severe lactic acidosis, particularly at high infusion rates. Once the child’s 
condition has stabilized, management consists of desmopressin acetate, which can be admin-
istered orally in tablet form or instilled intranasally and should be given at the lowest dose 
that produces antidiuretic eff ect. When given intranasally, the total daily dose may range from 
5 mcg in infants to 40 mcg in older children divided into 2 or 3 doses as needed. Children 
receiving dose multiples of 10 mcg may use the nasal spray; those receiving smaller or inter-
mediate doses must use the rhinal tube. Desmopressin may also be administered eff ectively 
and safely orally.32,33 Th erapeutic doses of oral desmopressin are generally 15 to 20 times 
larger than intranasal doses, and greater variability exists in the eff ective dose. Consequently, 
response to treatment must be monitored closely if changing route of administration.

Treatment of small children and infants with central DI can be diffi  cult, with rapid changes 
in serum osmolality potentially leading to complications. Th e parents must carefully monitor 
fl uid intake and output in the younger child. Because young infants are exclusively fed liquids 
and have high fl uid requirements, the addition of vasopressin can greatly increase the risk for 
severe hyponatremia. Th ese children are best managed with fl uid therapy alone. Small doses 
of desmopressin may be required if adequate fl uid intake is diffi  cult to maintain or if caloric 
intake is inadequate because of excessive fl uid consumption. Th e risk for hyponatremia can 
be reduced by allowing escape from the antidiuretic eff ect for 1 hour before the next dose. A 
child with adipsia or hypodipsia is best managed by fi xing the desmopressin dose and fl uid 
intake. Daily weights and frequent sodium levels are useful in assessing fl uid status at home.34

In patients who have primary polydipsia, after a neurogenic lesion or gene mutation has 
been ruled out, medical therapy is not indicated. Psychiatric evaluation, however, may be 
useful in addressing the origin of the polydipsia.

Patients who have structural renal diseases leading to polyuria should be referred 
to a pediatric nephrologist. Children with nephrogenic DI should be allowed free access to 
fl uids; parents of infants who have this disorder need to off er frequent water feedings to allow 
their infants to maintain osmotic homeostasis. A low-salt diet has been helpful in reducing 
urine output; thiazide diuretics can reduce polyuria further by reducing the amount of urine 
delivered to the distal tubule. Indomethacin35 and amiloride,36 when given concurrently with 
a thiazide, have each been found eff ective at reducing urine output.
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Osmotic diuresis induced by drugs or diet generally is self-limited. In DM, polyuria 
secondary to hyperglycemia and glycosuria resolves with treatment of the underlying 
condition.

When to Refer

• Hypotonic polyuria (confi rmed by 24-hour urine and urine osmolality <300 mOsm). 
Perform water deprivation test.

• Polyuria after neurosurgery
• Polyuria and polydipsia secondary to DM

When to Admit

• Polyuria and dehydration
• Diabetic ketoacidosis
• Severe hypernatremia
• Suspected diabetes insipidus in an infant
• Hypernatremia with MRI or neurologic fi ndings suggestive of a brain tumor
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 Chapter 60

Proteinuria
Robert P. Woroniecki, MD, MS; Pamela S. Singer, MD

In adults, proteinuria is defi ned as a urinary protein excretion exceeding 150 mg/day. In 
children, protein excretion exceeding 4 mg/m2/hour is considered abnormal. Proteinuria 
may indicate the presence of renal injury and predict progressive renal disease1–4; in adults, 
proteinuria is also an established independent risk factor for cardiovascular disease.5 Large 
losses of protein through the urine lead to hypercholesterolemia and hypertriglyceridemia, 
both of which, if sustained for a long time, increase cardiovascular mortality.6 Medications 
that reduce proteinuria provide important long-term benefi ts for adult patients with chronic 
kidney disease and this benefi cial eff ect has been extrapolated to children.7

 PATHOPHYSIOLOGIC FEATURES
Under physiologic conditions, the glomerular fi ltration barrier, composed of podocytes and 
vascular endothelium separated by the glomerular basement membrane, limits the passage of 
macromolecules from blood into urine based on both molecular size and electrical charge. 
Th e size barrier for fi ltration consists of pores with a diameter of approximately 40 Å in 
the slit diaphragm located between foot processes that is similar or smaller than the size of 
albumin (69 kDa).8 In addition, the glomerular capillary wall contains heparan sulfate and 
proteoglycans, which are negatively charged and thus repel macromolecules with the same 
electrical charge, such as albumin.9 Most infl ammatory glomerular diseases lead to mor-
phologic alteration of the size barrier and loss of negative charges, leading to proteinuria. 
Another factor that aff ects protein movement across glomerular capillary walls is glomerular 
hemodynamics (ie, glomerular plasma fl ow rate, hydrostatic and oncotic forces). A reduction 
in the number of functioning nephrons leads to hyperfi ltration in the remaining nephrons 
and to proteinuria.10

Low–molecular-weight proteins, such as �2-microglobulin, retinol-binding protein, and 
�1-microglobulin, are freely fi ltered through the glomerulus and are subsequently reabsorbed 
by the proximal tubule. Tubular injury results in impaired ability to reabsorb these proteins 
and their loss in the urine.11 Some proteins, such as the Tamm-Horsfall mucoprotein (uro-
modulin), a major constituent of urinary casts, are formed by the cells of the thick ascending 
loop of Henle.12

 LABORATORY EVALUATION OF PROTEINURIA
Th e diagnosis of proteinuria depends on laboratory assessment of the level of protein in the 
urine. Th e 3 ways urine is tested are the dipstick test, assessment of a timed urine sample, 
and assessment of the urine protein-creatinine (P/Cr) ratio from an untimed urine sample.
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Dipstick Test
Th e most commonly performed urine screening method for protein is the dipstick test. 
Tetrabromophenol on the reagent strip reacts with the amino group of the protein and 
changes the color of the strip. Th e test reports fi ndings as negative, trace, and 1� (30 mg/
dL), 2� (100 mg/dL), 3� (300 mg/dL), and 4� (2,000 mg/dL).

Th e dipstick test primarily detects albumin and is less sensitive to low–molecular-weight 
proteins and �-globulins. Because the test measures the concentration of protein, false-
negative results may occur with highly dilute urine. Conversely, false-positive results may 
occur with concentrated urine. Generally, a result of 1� or more in a specimen with a specifi c 
gravity of less than 1.015 indicates abnormal protein loss.13

Th e detection of protein depends on pH: extremely alkaline urine may yield a false-
positive reading. Other causes of false-positive readings are prolonged immersion of the 
strip; hematuria, pyuria, or bacteriuria; presence of detergents and contaminating antiseptics, 
such as chlorhexidine and benzalkonium chloride; presence of antibiotics, such as penicil-
lins, cephalosporins, sulfonamides, and tolbutamide; or presence of radiographic contrast 
materials.13,14 An alternative offi  ce procedure to measure urinary protein is precipitation 
with sulfosalicylic acid. Th is measurement is a more accurate estimate of the total urinary 
proteins, including those of low molecular weight.14 False-positive results can occur in the 
previously mentioned conditions.

A positive dipstick result should be confi rmed by urinalysis, and urine P/Cr ratio preferably 
performed on the fi rst urine voided in the morning.

Timed Urine Sample
Th e traditional and most accurate way of quantifying urinary protein excretion is to mea-
sure protein in a timed sample collected over a 24-hour period. Th e patient is instructed 
to void right after waking in the morning. Th is fi rst urine is discarded, and all subsequent 
urines are collected. Th e last urine sample added to the collection should be 24 hours 
after the fi rst one.

In adults, a protein excretion of less than 150 mg in 24 hours is considered normal. 
In children, an excretion rate of less than 4 mg/m2/hour is considered normal, 4 to 
40 mg/m2/hour is abnormal, and more than 40 mg/m2/hour is considered nephrotic-
range proteinuria. Th e adequacy of the sample can be determined by measuring the 
creatinine excretion in the sample. Steady-state daily creatinine excretion is 20 mg/
kg/day in children from 1 to 12 years of age and 22 to 25 mg/kg in older children, and 
may be lower in females or children with reduced muscle mass. However, this method 
is cumbersome, can be impractical in children, and is fraught with error from under- 
and over-collection.15

Urine Protein-Creatinine Ratio
Measurement of the P/Cr ratio in an untimed (spot) urine sample off ers a reliable method 
for classifi cation of proteinuria. Th is method is easier than a 24-hour urine collection.16 
Studies in adults and children have shown a strong correlation between untimed urine 
P/Cr ratio and 24-hour urine collection.16,17 A ratio of more than 3.5:1 indicates 
nephrotic-range proteinuria, and ratios of less than 0.2:1 in patients aged 2 and older 
and less than 0.5:1 in children aged between 6 and 24 months are considered normal.18
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 PREVALENCE
Finding proteinuria in a single urine specimen in children and adolescents is relatively com-
mon. However, the presence of persistent and not orthostatic proteinuria, also called fi xed 
proteinuria, on repeat testing indicates renal disease until proven otherwise.19 Th e prevalence 
of proteinuria, both fi xed and orthostatic, is generally between 5% and 15%.12 Prevalence 
of orthostatic proteinuria seems to rise with age, peaking in adolescence, with subsequent 
decline and a nadir in adulthood. For boys, prevalence peaks at age 16 years; for girls, the 
peak is at 13 years.20

 ETIOLOGY
Th e basic evaluation of proteinuria should address the following issues: pathological or 
nonpathological cause; presence or absence of symptoms; amount of protein loss; presence 
or absence of associated fi ndings, such as hematuria, hypertension, azotemia; and other 
urinary or systemic abnormalities.

Nonpathological Proteinuria
Nonpathological proteinuria results from the adjustment of the kidney to extraneous physi-
ologic conditions (ie, growth, exercise, fever, systemic illness). Th e level of proteinuria is 
generally less than 1 g/day and is not associated with edema.21

Postural or Orthostatic Proteinuria
Orthostatic proteinuria accounts for 60% of all cases of asymptomatic proteinuria in chil-
dren, with a higher incidence in adolescents.22 Children with this condition have normal 
urinary protein excretion in the supine position but spill abnormal amounts of protein in the 
upright position. Th e proteinuria decreases to normal range or disappears when they have 
been recumbent for a few hours, as in overnight sleep. Th ese children are asymptomatic; 
proteinuria is usually found on a routine urinalysis. Th e cause of orthostatic proteinuria is 
unknown.23 It has been postulated that orthostatic proteinuria might result from higher than 
normal release of norepinephrine and angiotensin II upon standing, or transient compression 
of the left renal vein in the fork between the superior mesenteric artery and the aorta (renal 
nutcracker).24–26 Edema, hypertension, and hematuria are absent, and creatinine clearance 
and complements are normal. Renal ultrasound and histopathological tests are also normal, 
although these tests are not usually performed in the evaluation process.

Children with asymptomatic proteinuria should be assessed for postural (orthostatic) 
proteinuria. Th e standard method is to collect a fi rst-morning urine and if it is negative 
for protein on the dipstick, or if the measured P/Cr ratio is less than 0.2:1, the patient has 
orthostatic proteinuria. Th e more formal (although not currently used) orthostatic test for 
postural proteinuria includes 2 separate collections, one in the supine position and the other 
in the upright position. At bedtime, the child goes to bed immediately after voiding (the 
urine is discarded). Th e child is then allowed to sleep. All urine passed during the night, 
including the fi rst specimen voided the next morning, is collected in a jar (specimen 1), and 
the time of the fi rst-morning voiding is recorded. Th en the child goes about daily activities 
but collects all urine in a second jar (specimen 2) for approximately the next 12 hours. Th is 
collection is the upright collection, which ends at bedtime, when the time is again recorded. 
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In patients with orthostatic proteinuria, the sample obtained in the supine position will be 
free of protein or will contain a normal amount of protein; however, the sample obtained 
in upright position will contain an abnormal amount of protein. Children with orthostatic 
proteinuria generally excrete less than 1 g of protein in 24 hours.14

Th e diagnosis of postural proteinuria can also be made by assessing the fi rst-morning 
urine. If this sample has no protein, or if it has a P/Cr ratio less than 0.2:1, then a pre-
sumptive diagnosis of orthostatic proteinuria can be made. Long-term follow-up studies in 
adults have documented the benign nature of orthostatic proteinuria, although rare cases 
of glomerulosclerosis have been identifi ed later in life in patients who were initially found 
to have proteinuria with an orthostatic component.27–29 Th erefore, long-term follow-up of 
children is necessary unless the proteinuria resolves. Signs to anticipate include appearance 
of hematuria, hypertension, increase in serum creatinine concentration, or proteinuria 
exceeding 1 g/day.21

Transient Proteinuria
As many as 30% to 50% of children with proteinuria may have transient, nonfi xed pro-
teinuria. It can accompany fever, exercise, stress, dehydration, congestive heart failure, 
or seizures.30 Transient proteinuria may be found in children having a temperature of 
38.3°C or higher.31 It usually does not exceed 2� on the dipstick test and resolves when 
the fever abates.

Proteinuria associated with vigorous exercise rarely exceeds 2� on the dipstick test. 
Transient proteinuria seems to be related to intensity of exercise rather than duration.32 
It may be explained by an increased glomerular filtration barrier permeability and a 
partial inhibition of tubular reabsorption of protein.33 The effect of exercise increases 
with age.34 Transient proteinuria is considered benign if proteinuria resolves after 
48 hours of rest.

Pathological Proteinuria

Persistent or Fixed Asymptomatic Proteinuria
Patients with a positive dipstick test (1� or greater) should undergo a more accurate test, 
such as P/Cr ratio or a quantitative measurement of protein excretion. Orthostatic pro-
teinuria should be excluded by repeat measurements on a fi rst-morning void if the initial 
sample was taken at random. In the absence of other abnormalities, patients with 2 or more 
positive semiquantitative or quantitative tests, 1 to 2 weeks apart, are diagnosed as having 
fi xed proteinuria.35 Th e prevalence in school-aged children may be as high as 6%.19,36 Various 
causes are listed in Table 60-1.

Pathological proteinuria can be classifi ed as either glomerular or tubular. Glomerular 
proteinuria, which is the more common of the 2 forms, is associated with increased 
permeability of glomerular fi ltration barrier. Glomerular proteinuria may be selective 
(plasma proteins with molecular weights up to and including albumin), as in minimal 
change disease, or nonselective (albumin and large–molecular-weight proteins, such 
as immunoglobulin G), as in most forms of glomerulonephritis. Tubular proteinuria 
results from decreased tubular protein reabsorption that results from tubular dysfunction 
(see Table 60-1).
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Symptomatic Proteinuria
Symptomatic proteinuria associated with gravity-dependent edema, hypoalbuminemia, 
and hyperlipidemia is defi ned as a nephrotic syndrome. However, some children with 
nephrotic-range proteinuria and hypoalbuminemia remain completely asymptomatic. Edema 
in nephrotic syndrome results from multiple factors acting in concert, including increased 
distal nephron sodium reabsorption, increased capillary permeability, and low plasma oncotic 
pressure associated with hypoalbuminemic states.37

Proteinuria may be associated with other abnormalities, including hematuria, hyper-
tension, and azotemia, as seen in glomerulonephritis. Patients with a combination of 
nephritis and nephrotic syndrome pose a clinical challenge even to the most experienced 
nephrologist. 

 EVALUATION
History
Th e fi rst step in evaluating a child with proteinuria is obtaining a thorough history. History 
should include questions about recent illnesses, fever, rash, and arthralgias; change in urine 
output and color; symptoms of chronic disease (eg, weight loss, fatigue); and duration and 
severity of symptoms. History of urinary tract infections and family history of urinary refl ux, 
hypertension, and deafness are important.

Physical Examination
Physical examination should include measurements of growth parameters, blood pressure, 
and identifi cation of edema, ascites, and pallor, as well as documentation of the presence or 
absence of any joint or skin lesions.

Table 60-1
Classifi cation of Pathological Proteinuria

GLOMERULAR TUBULAR

Nephrotic Syndrome
Idiopathic 
Minimal change 
Mesangial proliferation 
Focal segmental glomerulosclerosis 
Membranous nephropathy 

Glomerulonephritis
Postinfectious 
Immunoglobulin A nephropathy 
Membranoproliferative glomerulonephritis 

Systemic disease 
Systemic lupus erythematosus
Vasculitis
Tumor
Subacute bacterial endocarditis
Infection (HIV, hepatitis)
Drugs or toxins
Obesity
Other

Genetic
Polycystic kidney disease 
Cystinosis 
Wilson disease 
Lowe syndrome 
Galactosemia 
Renal tubular acidosis 
Dent disease 

Acquired
Interstitial nephritis 
Acute tubular necrosis 
Heavy metal poisoning 
Drugs or toxins 
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Laboratory Evaluation
Th e presence of proteinuria should be confi rmed by a urine P/Cr ratio on a fi rst-morning 
urine sample. Once confi rmed, fi xed proteinuria should be quantifi ed by a 24-hour urine 
collection for measurement of protein and creatinine (to determine adequacy of the sample). 
Serum electrolytes, blood urea nitrogen, and creatinine help determine the level of kidney 
function. Serum albumin, cholesterol, and triglycerides guide the determination of the 
severity of metabolic changes that occur as a result of urine protein loss. Complement levels, 
anti–streptolysin O titers, hepatitis serologic testing, and HIV testing may be indicated 
based on the child’s history. Renal ultrasound may be performed to assess for structural 
abnormalities. Th e patient should be referred to a pediatric nephrologist if any abnormali-
ties are found during the initial workup. Some of the other warning signs of proteinuria 
are listed in Box 60-1.

Th e steps in evaluating proteinuria are illustrated in Figure 60-1.
Asymptomatic children with proteinuria should be tested to determine its etiology.14

Assessment of total protein is appropriate in children to identify both albuminuria and 
low–molecular-weight proteinuria. Patients with a positive dipstick test of 1� or greater 
should undergo confi rmation by assessment of the P/Cr ratio within 3 months. Under most 
circumstances, fi rst-morning spot urine protein and creatinine samples should be used to 
detect and monitor proteinuria in children.

Orthostatic proteinuria must be excluded by measuring P/Cr ratio in a fi rst-morning 
urine sample. Patients with 2 or more positive fi rst-morning P/Cr tests, obtained at 1- to 
2-week intervals, should be diagnosed as having persistent or fi xed proteinuria. Monitoring 
proteinuria in patients with chronic kidney disease should be performed by quantitative 
methods.

 MANAGEMENT
If orthostatic proteinuria is diagnosed, the child should be monitored with annual offi  ce 
visits and check of fi rst-morning urine P/Cr ratio. Renal biopsy should be considered in 
certain situations with persistent proteinuria (see Box 60-2).

If isolated fi xed proteinuria less than 1 g/day is detected (urine P/Cr ratio ), restrictions on 
the child’s lifestyle and physical activity are not necessary. Children with proteinuria should 
receive the recommended daily allowance of protein for their age.38,39

Box 60-1

Warning Signs of Proteinuria
• Persistent, fi xed, nonorthostatic proteinuria
• Proteinuria associated with other urinary 

abnormalities, such as hematuria, or urinary 
casts

• Proteinuria associated with renal insuffi  ciency, 
anemia, or hypertension

• Family history of renal disease, kidney stones, 
dialysis, deafness, or autoimmune conditions

• Proteinuria associated with comorbidities 
such as prematurity, congenital anomalies 
of other organ systems, hypertension, 
diabetes, and obesity 
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Renal biopsy

Renal biopsy

Treatment

Steroids

Random urine is positive
for protein

First morning sample: 
Negative for protein
No other evidence of

renal disease

Twice per year follow-up
for urinary protein-
to-creatinine ratio

hypertension, hematuria,
and renal insufficiency

Electrolytes, complete
blood count, albumin,

cholesterol, complements,
human immunodeficiency

virus, hepatitis, renal
ultrasonography, urinary

microanalysis, urinary
protein-to-creatinine ratio

Nonnephrotic proteinuria,
Asymptomatic, no history 

of renal disease

Infant, older child,
adolescent;

Persistent low complement,
renal insufficiency,

hypertension, hematuria

24-hour urine for protein
Nephrology referral

Orthostatic proteinuria

Persists beyond 1 year

Preschool age

Nephrotic range
proteinuria

Suspected minimal change
disease

Annual office follow-up
for proteinuria

First morning sample: 
Positive for protein

Figure 60–1
Diagnostic approach in a patient with proteinuria.

Box 60-2

Indications for Renal Biopsy in Persistent Proteinuria
• Fixed, asymptomatic, isolated proteinuria 

�1 g/day
• Persistent hematuria and cellular casts
• Renal insuffi  ciency
• Persistently low complement levels
• Hypertension

• Systemic symptoms such as recurrent 
rashes, joint pains, or fever

• Systemic lupus erythematosus
• Family history of kidney disease or 

autoimmune disease
• Corticosteroid-resistant nephrotic syndrome
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When to Refer

• Persistent, fi xed, nonorthostatic proteinuria
• Proteinuria associated with other urinary abnormalities, such as hematuria
• Proteinuria associated with renal insuffi  ciency, anemia, or hypertension
• Family history of renal disease, deafness, or autoimmune condition
• Proteinuria associated with comorbidities such as prematurity, congenital anomalies of

other organ systems, hypertension, diabetes, and obesity

When to Admit

• Anasarca resistant to outpatient management
• Proteinuria associated with signifi cant renal insuffi  ciency
• Proteinuria associated with signifi cant hypertension

TOOLS FOR PRACTICE

Engaging Patient and Family
• Proteinuria (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/genitourinary-tract/Pages/Proteinuria.aspx) 
• Proteinuria (fact sheet), National Kidney and Urologic Diseases Information Clearing-

house, National Institute of Diabetes and Digestive and Kidney Diseases, and National 
Institutes of Health (kidney.niddk.nih.gov/KUDiseases/pubs/proteinuria/index.aspx)

Medical Decision Support
• Pathologic Proteinuria Calculator (interactive tool), (www.metrohealthresearch.org/schelling)
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Chapter 61

Pruritus
Nancy K. Barnett, MD

Pruritus, or itch, is the subjective perception of a cutaneous disturbance that is relieved by 
scratching or rubbing. It is usually not brought to the primary care physician’s attention 
unless it is generalized, chronic, or associated with an eruption. In such instances, however, 
pruritus must be treated with great respect because severe itching can be incapacitating. In 
addition, scratching or rubbing the itch can produce extensive disfi gurement in the form of 
linear excoriations or lichenifi ed plaques and can predispose the patient to cutaneous infec-
tions. Constant scratching can even cause social isolation because, at times, people view the 
child with pruritus as being contagious or unclean.

 DEFINITION OF TERMS
Because itch is a subjective sensation, objective evaluation to delineate its pathophysi-
ologic characteristics has been diffi  cult. However, current thinking implicates nonspecifi c 
itch receptors. Th ought to be free, fi ne nerve endings at the dermoepidermal junction, 
these receptors transmit the pruritic sensation along dedicated, slow-conduction velocity, 
unmyelinated C fi bers.1 Th e exact mediators and their release triggers are unknown. Mast 
cell histamine has elicited itch fairly consistently in experimental settings2 and appears to 
be active in human disease, as may be other local mediators such as substance P and inter-
leukin.3 Other experimental triggers that have produced itch are physical pressure, heat, 
and electric shock. Researchers believe that the nerve impulses from the intraepithelial 
histamine-sensitive, unmyelinated C fi bers ascend to the lamina I in the dorsal horn of the 
spinal cord and travel along the contralateral spinothalamic tract to the thalamus. Th ey are 
then transferred to multiple areas of the cortex and are interpreted as itch. A subsequent 
desire to scratch arises in the cortex.4 Th e dorsolateral prefrontal cortex and contralateral 
caudate nucleus and putamen areas in atopic patients and the anterior cingulate cortex have 
been identifi ed as activated when histamine-induced itch and scratch are traced. In contrast, 
the primary motor and sensorimotor cortices and superior parietal lobe are activated in 
healthy controls.5 Itch is not a mild form of pain; the pathways are diff erent, and aspirin 
alone does not relieve itch.

Certain circumstances alter the interpretation of the degree of pruritus. For example, 
the itch threshold in and around areas of active dermatitis can be lowered by psychic stress, 
decreased skin hydration, or increased skin temperature, and during the night.2,6 Pain can 
inhibit the itch sensation, and scratching can stimulate pain receptors.
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 DIFFERENTIAL DIAGNOSIS
In children, local cutaneous disease rather than systemic disease is by far the most common 
cause of generalized pruritus. Pruritogenic itch arising in the skin is the focus of this chapter, 
and discussing neuropathic, neurogenic, and psychogenic itch7 is beyond the scope. Th e 
major diff erential diagnoses of generalized pruritus with skin lesions in children are infesta-
tion (scabies, pediculosis, insect bites, and papular urticaria), atopic dermatitis, miliaria, 
contact dermatitis, and acute or chronic urticaria.

Children may also itch with cutaneous diseases such as psoriasis, lichen planus, and 
linear immunoglobulin A bullous disease of childhood. Th ese children should be referred 
to a dermatologist for evaluation and management, as should a child with pruritus who is 
otherwise healthy and does not have bites, eczema, heat rash, contact dermatitis, or hives. 
Th e child who has pruritus, from whatever cause, is at risk for psychological damage, infec-
tion secondary to impetiginization, and scarifi cation.

Systemic causes of itch in the child who has pruritus but no skin lesions are hyperthyroid-
ism and hypothyroidism, leukemia or lymphoma, chronic renal failure, obstructive biliary 
disease, and xerosis (generalized dry skin).

 EVALUATION AND MANAGEMENT
Most of the common cutaneous diseases associated with generalized pruritus can be diag-
nosed based on a thorough history and physical examination. Th e answers to the following 
questions may help diagnose infestation of one sort or another and direct therapy toward 
topical steroids, long clothes, and repellents:

Are any individual pruritic papules found with a central punctum?
If so, are they on exposed or nonexposed areas?
Does anyone else in the family have similar lesions? A family history of allergy, asthma, 

or eczema in a child who has a chronic eczematous dermatitis over extensor surfaces in 
infancy and fl exural areas in childhood suggests atopic dermatitis. Hydration and emol-
lients will reduce the pruritus and should be the mainstay of therapy, although mid- 
and low-potency topical steroids for infl ammation, antibiotics for secondary infection, 
and cool compresses may also be required to bring the scratch-itch cycle under con-
trol. Short courses (�8 weeks) of topical immunomodulators such as tacrolimus and 
pimecrolimus may be helpful in relieving atopic itch on facial skin and thin areas such 
as the axillae, but these medications should not be prescribed as chronic therapy. A 
tolerable (nonsoporifi c) dose of an antihistamine may relieve itch and should be given 
about 1 hour before bedtime because the itch threshold is lower at night than it is 
during the daytime. Hydroxyzine seems to be the most eff ective agent.8 Data confl ict 
about the use of nonsedating antihistamines for controlling itch.9 Pinpoint crystalline or 
erythematous papules in areas of occlusion and sweating—that is, miliaria crystallina 
and miliaria rubra (heat rash)—can be controlled by simple measures such as apply-
ing dusting powders, avoiding tight clothing, and reducing exposure to high ambient 
temperatures.

In most instances, contact dermatitis is readily recognizable because of a linear array of 
papulovesicular erythematous lesions and sharp borders that conform to the shape of the 
contactant. 
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Acute urticaria, usually from exposure to a drug or other ingestant, produces intensely 
pruritic, erythematous, and edematous plaques and papules. Th orough historical and envi-
ronmental sleuthing may reveal the cause of a contact allergic or contact irritant dermatitis, 
but the cause of 90% of acute urticaria cases remains a mystery. If the patient has not used any 
new drug or food, and if the hives persist despite regular use of antihistamines for several days, 
then a reasonable course of action would be to obtain a throat culture and a complete blood 
count with diff erential and to screen for mycoplasmal disease and infectious mononucleosis 
to rule out occult streptococcal, mycoplasmal, and viral infections. On rare occasions, a skin 
biopsy may be helpful. Physical urticarias should demonstrate dermatographism, which can 
be a helpful diagnostic tool.

For the child who has pruritus with no primary skin disorder, a complete blood count 
with diff erential count, complete chemistry panel, thyroid function tests (thyroid-stimulating 
hormone/free T4), urinalysis, and chest radiograph should be obtained to assess for possible 
systemic causes, especially before suggesting a psychogenic cause for the itching.

To relieve itching and prevent scarring (both mental and physical), the scratch-itch cycle 
must be broken. Itching provokes scratching, and when the scratching stops, the itching 
returns. To control itching, the following steps can be helpful:
• Keep the patient’s fi ngernails short to prevent damage from scratching.
• Keep the child fully clothed except when applying medications.
• Apply bland emollient creams frequently, especially after bathing. Overwashing, espe-

cially without sealing in the water with an occlusive cream, may dry out the skin and
worsen itch. A home humidifi er may increase the relative humidity in the air and lessen
dry skin itch.

• Apply cool compresses to relieve intense pruritus and to remove crusts and debris.
• Apply topical steroids for short periods (generally �2 weeks) to control infl ammation.
• Increase the dose of antihistamine until the scratching stops or marked drowsiness

occurs, and then reduce the dose to a level that controls the scratching but does not
cause drowsiness.

• Advise the family to avoid stress, heat, and irritants (eg, wool, pet danders).
• See the patient frequently to provide support.
• If the child is old enough to understand, explain why these methods are being used.

Topical capsaicin, menthol, phenol, doxepin, and pramoxine may be indicated for
localized use in some cases, but the potential for contact irritation and systemic absorp-
tion limits their prolonged or widespread use.10 Referral to the dermatologist is generally 
indicated in such a circumstance. Ultraviolet B light therapy may be helpful for generalized 
pruritus such as occurs in biliary cirrhosis or severe chronic atopic dermatitis.11 Chronic 
localized and intractable itch may respond to neurologic “sensor resetting,” in which the 
brain is fooled into believing the aff ected area is normal by mirror treatment, because we 
have come to understand that the sensation of itch results more from central perception 
than local reception.12

When to Refer

• Pruritus with uncommon disease (eg, psoriasis, bullae)
• Chronic pruritus without cutaneous disease to evaluate for systemic cause
• Pruritus uncontrolled by usual topical steroids and antihistamines
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TOOLS FOR PRACTICE

Engaging Patients and Family
• What is a Pediatric Dermatologist? (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/health-management/pediatric-specialists/Pages/
What-is-a-Pediatric-Dermatologist.aspx)

Medical Decision Support
• Pediatric Dermatology: A Quick Reference Guide (book), American Academy of Pediatrics 

(shop.aap.org)
• Dermatology Course Series—Skin Infections (online course), American Academy of 

Pediatrics (pedialink.aap.org)
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Chapter 62

Puberty: Normal 
and Abnormal

Robert K. Kritzler, MD; Dominique Long, MD; Leslie Plotnick, MD

Disorders of pubertal development constitute one of the most frequent referrals to pedi-
atric endocrinology clinics. In many cases, no endocrine problem is found. A referral may 
be avoided by a careful evaluation, including family history, and a few simple laboratory 
procedures. Th e availability of pediatric endocrinology consultation and the pediatrician or 
other physician’s level of comfort in diagnosing and treating disorders of puberty heavily 
infl uence the decision to refer.

 NORMAL PUBERTY
During puberty, a series of complex hormonal changes takes place. Th e hypothalamus secretes 
pulses of gonadotropin-releasing hormone (GnRH), which stimulates pituitary gonado-
tropin production of luteinizing hormone (LH) and follicle-stimulating hormone (FSH). 
Concomitantly, the previously very sensitive hypothalamic-pituitary-gonadal feedback loop 
becomes less sensitive to the negative eff ect of gonadal steroids. As a result, gonadotropin 
levels rise, stimulating the secretion of greater amounts of sex steroids, either testosterone or 
estradiol, depending on the gender of the child, leading to the physical changes of puberty. 
Th is process is called gonadarche. Th e hypothalamic-pituitary-gonadal axis is active during 
fetal life and infancy until it enters an inactive state during the prepubertal years. Genetic 
factors determine 50% to 80% of the variation in pubertal timing.1 Environmental infl uences 
also play a role, particularly nutritional status. It has also been suggested that environmental 
chemicals capable of disrupting endocrine activity may aff ect pubertal timing. Leptin, which is 
secreted by adipocytes and regulates appetite and metabolism through the hypothalamus, 
is thought to play a permissive role in regulating the timing of puberty.2 Adrenarche is 
a separate process that refers to an increase in the secretion of adrenal androgens during 
puberty and is associated with the development of pubic hair, axillary hair, body odor, and 
acne. Th e mechanism that triggers the maturation of the adrenal cortex at puberty remains 
poorly understood.

In most girls, puberty begins between 8 and 13 years of age, with breast development (thelar-
che) usually the fi rst sign. Menarche follows the onset of breast development by approximately 
2 years. A growth spurt accompanies the changes, usually peaking before menarche. Th e range 
of normal variation, however, is quite wide, and diff erences have been reported between ethnic 
groups. A secular trend toward earlier puberty has taken place: the most recent data from the 
National Health and Nutrition Examination Survey (NHANES) 1992–2002 show a decline in 
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the overall average age at menarche to 12.34 years (12.06 years, 12.52 years, and 12.09 years in 
non-Hispanic black girls, non-Hispanic white girls, and Mexican American girls, respectively).3 
Although an association exists between earlier sexual maturation in girls and increasing levels of 
adiposity, it remains unclear from existing data whether this relationship is causal. Th e average 
age at menarche declined by 2.3 months between NHANES III (1988–1994) and NHANES 
1999–2002. Signifi cantly, NHANES 1999–2002 had more girls with body mass index greater 
than the 85th or 95th percentile and had a diff erent racial and ethnic composition.3 Although 
the overall age at menarche decreased, the changes within racial and ethnic groups was much 
smaller, indicating that the overall decrease in age at menarche may be because of changes in 
the population distribution of race and ethnicity and relative weight.

Th e mean ages for onset of breast development according to NHANES III data were 10.25, 
11.05, and 10.70 years in non-Hispanic black girls, non-Hispanic white girls, and Mexican 
American girls, respectively. Similarly, the mean ages for onset of sexual hair in girls were 
10.25, 10.96, and 11.17 years.4 A recent multicenter study suggests that there continues to be 
a modest decrease in mean age of breast development, especially in black and Hispanic girls.

In most boys, puberty begins between 9 and 14 years of age. Testicular enlargement 
is usually the fi rst sign of puberty. NHANES III data found the mean ages of genital 
development in boys to be 10.79, 11.08, and 11.09 years for non-Hispanic black boys, 
non-Hispanic white boys, and Mexican American boys, respectively. Similarly, the mean 
ages for onset of sexual hair were 11.48, 11.81, and 12.20 years.5 Peak height velocity for 
boys is typically 2 years later than it is for girls and usually occurs during mid to late puberty 
(see Table 62-1 for summary of pubertal milestones by age).

Th e time of puberty is one of profound change, both physical and psychological. Problems 
of sexual identity, body image, adolescent independence, and peer acceptance are frequent. 
Because the ranges of age of normal puberty are wide, children of similar chronologic age 
may have markedly diff erent physical maturity. When pubertal development is precocious 
or delayed, many of these problems are compounded.

 Table 62-1
Onset of Pubertal Milestones (Years)a,b

NON-HISPANIC 
WHITES

NON-HISPANIC 
BLACKS

MEXICAN 
AMERICANS

GIRLS

Thelarche 11.05 (9.7)c 10.25 (8.8)c 10.7 (9.3)c

Sexual hair development 10.96 10.25 11.17

Menarche 12.52 12.06 12.09

BOYS 

Testicular enlargement 11.08 10.79 11.09

Sexual hair development 11.81 11.48 12.20

aNote: All ages are expressed as means.
bFrom National Health and Nutrition Examination Survey III (1988–1994) and National Health and Nutri-
tion Examination Survey (1999–2002).
cBiro FM, Greenspan LC, Galvez MP, et al. Onset of breast development in a longitudinal cohort. Pediatrics. 
2013;132:1019–1027
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 GYNECOMASTIA
Pubertal gynecomastia occurs in approximately 40% of healthy boys and usually resolves 
within 2 years. Clinical presentation may include breast tenderness and asymmetry. Th e 
mean age of occurrence is between 14 and 15.5 years and usually occurs after Tanner 
stage 3. Pubertal gynecomastia is thought to result from an increase in the ratio of estrogen 
to androgen. Treatment in most cases is reassurance; however, gynecomastia that does not 
resolve after 2 years or that develops rapidly may require a referral. Initial screening blood 
work includes levels of testosterone, estradiol, LH, FSH, prolactin, and a �-human chorionic 
gonadotropin as well as liver function tests. Medical therapy with clomiphene (antiestro-
gen), tamoxifen (estrogen antagonist), testolactone (peripheral aromatase inhibitor), and 
danazol (synthetic derivative of testosterone) has been reported to be successful; however, 
no randomized controlled trials have been conducted. Surgical intervention remains the 
mainstay of treatment. Whereas most pubertal gynecomastia is benign, pathologic causes 
include Klinefelter syndrome, partial androgen insensitivity syndrome, hyperprolactinemia, 
liver disorders, adrenal carcinoma, biosynthetic defects in testosterone production, androgen 
receptor defects, increased activity of peripheral aromatase, and certain drugs. Drugs that 
have an estrogen-like eff ect (diethylstilbestrol, oral contraceptive pills, digitalis, estrogen-
containing cosmetics), that increase estrogen formation (gonadotropins, clomiphene), or that 
inhibit testosterone action (ketoconazole, spironolactone, cimetidine, isoniazid, methyldopa, 
captopril, tricyclic antidepressants, diazepam, marijuana, phenothiazines) have been associ-
ated with gynecomastia.

 DELAYED PUBERTY
Few matters are of greater concern to the adolescent than remaining short in stature or 
sexually underdeveloped. Delayed development demands the immediate attention of the 
physician.

Puberty is considered delayed in girls who have no breast development by 13 years of age 
or in boys who have no testicular enlargement by 14 years of age. In girls, a delay of longer 
than 4 to 5 years from onset of puberty to menarche is also cause for concern. Similarly, 
maturation arrest in boys warrants evaluation.

Constitutional delay, a slow maturation with appropriate hormonal levels and delayed 
bone age, accounts for most cases of delayed pubertal development. Th is problem is identi-
fi ed more frequently in boys than in girls, perhaps because of general societal and peer group 
reaction to short and sexually underdeveloped boys. Th e delay is frequently familial. In 
many instances, early signs of puberty are found on thorough examination, which permits 
the physician to reassure the child and the parents. Aff ected children should be followed 
closely. Th e presence of chronic systemic diseases that can lead to delayed puberty may be 
diffi  cult to diff erentiate from constitutional delay as a cause for the delay.

Th e remainder of the diff erential diagnosis of delayed development relates to failure at 
either the hypothalamic-pituitary level, shown by low serum gonadotropins (hypogonado-
tropic hypogonadism), or the gonadal level, shown by elevated gonadotropins (hypergo-
nadotropic hypogonadism). Either of these conditions may result from genetic disorders or 
acquired illnesses (see Box 62-1). Th e workup of the patient is directed toward identifying 
the specifi c cause. Common initial screening tests are shown in Box 62-2 and include a 
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thorough history, physical examination, and assessment of growth velocity. A bone age 
assessment is often helpful. For delayed development to be the result of an undiagnosed 
systemic illness is relatively uncommon, but if the history or physical examination suggests 
a systemic illness, then specifi c screening may include a complete blood count, electrolytes, 
renal and liver function tests, erythrocyte sedimentation rate and C-reactive protein, infl am-
matory bowel disease panel, and celiac disease panel. A screen for endocrinopathies should 
include thyroid-stimulating hormone and thyroid hormone levels, gonadotropins (LH, 
FSH), testosterone, estradiol, and insulin-like growth factor I. Other tests that a specialist 
may order include insulin-like growth factor–binding protein 3, prolactin, karyotype, brain 

BOX 62-1

Causes of Delayed Puberty
 1. Constitutional delay
 2. Defi ciency of gonadotropin-releasing 

hormone secretion by the hypothalamus
 a. Genetic and molecular causes

i. Isolated defi ciency
ii. Kallmann syndrome
iii.  Laurence-Moon-Bardet-Biedl 

syndrome
iv. Prader-Willi syndrome

 b. Acquired causes
i. Infection

ii. Neoplasm
iii. Infi ltrative disease
iv. Trauma

 3. Defi ciency of gonadotropin secretion by 
the pituitary
 a. Genetic

i.  Panhypopituitarism (including 
transcription factor mutations in 
PROP1, HESX1, and LHX3)

ii. Isolated defi ciency
iii.  Fertile eunuch (normal follicle-

stimulating hormone, low 
luteinizing hormone)

iv. Leptin or leptin-receptor defi ciency
 b. Acquired

i. Infection
ii. Tumor
iii. Excess prolactin secretion, adenoma
iv. Trauma

 4. Gonadal disorders
 a. Genetic and molecular

i.  Turner syndrome (45,X or struc-
tural X abnormalities or mosaicism)

ii. Klinefelter syndrome (47,XXY)
iii. Noonan syndrome

iv.  Syndromes of complete androgen 
insensitivity (no sexual hair)

v.  del Castillo syndrome (Sertoli 
cells only)

vi. Pure gonadal dysgenesis
vii. Myotonic dystrophy
viii. Receptor mutations

 b. Acquired
i. Infections

(1) Gonorrhea (male)
(2) Virus (mumps, coxsackie)
(3) Tuberculosis (male)

ii. After radiation or chemotherapy
iii. Mechanical causes

(1) Torsion
(2) Surgery
(3)  Congenital anorchia (vanishing 

testes syndrome)
(4) Autoimmune

 5. Adrenal and gonadal steroid enzyme 
defi ciencies

 6. Excessive exercise, malnutrition
 7. Chronic systemic diseases

 a. Congenital heart disease
 b. Chronic pulmonary disease
 c. Infl ammatory bowel disease, 

celiac disease
 d. Chronic renal failure and renal 

tubular acidosis
 e. Hypothyroidism
 f. Poorly controlled diabetes mellitus
 g. Sickle cell anemia, thalassemia
 h. Collagen-vascular disease
 i. Anorexia nervosa
 j. HIV infection
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magnetic resonance imaging (MRI), pelvic ultrasound, and GnRH testing assessing for signs 
of central puberty.

Treatment should be directed toward the cause of the delayed development. If sex steroid 
secretion is defi cient as a result of either gonadal failure or gonadotropin defi ciency, then 
treatment focuses on replacing the appropriate sex steroid. In constitutional delay, waiting 
may be the best course. In boys, however, a short course of low-dose injectable testosterone 
(eg, 50–100 mg monthly for 4 doses) may be indicated if the delayed development is aff ecting 
the boy’s psychological well-being. In girls, cosmetic treatment, such as the use of a padded 
bra, is helpful. Estrogen therapy is necessary only occasionally. In patients who have GnRH 
or gonadotropin defi ciency, fertility may be induced with GnRH or gonadotropin therapy. 
In any case, strong psychological support must be provided to the adolescent and sometimes 
to the family. If the problem is diffi  cult diagnostically, or if hormonal therapy is desired, 
then referral should be made to a pediatric endocrinologist.

 PRECOCIOUS PUBERTY
Classically, precocious puberty is the appearance of secondary sexual characteristics before 
8 years of age in girls and 9 years in boys. But a substantial number of girls, 27.2% of 
black girls and 6.7% of white girls, have breast or sexual hair development by 7 years of 
age.6 As a result of these data, the Drug and Th erapeutics and Executive Committees 
of the Pediatric Endocrine Society published recommendations proposing that the 
age cutoff  for precocious puberty should be decreased to 7 years in white girls and 6 years 
in black girls unless the tempo of puberty is abnormal, the bone age is advanced more 
than 2 years, the predicted height is less than 150 cm (59 inches), focal neurologic defi cits 

BOX 62-2

Evaluation for Delayed Puberty
INITIAL SCREENING TESTS 
(AS INDICATED)

• Th orough history, physical examination,
and calculation of growth velocity

• Bone age
• Luteinizing hormone, follicle-stimulating

hormone
• Testosterone or estrogen, depending on

gender
• Th yroid-stimulating hormone, thyroid

hormone
If systemic disease is thought to exist
• Complete blood count
• Erythrocyte sedimentation rate, C-reactive

protein
• Comprehensive panel (electrolytes; renal

and liver function tests)

• Insulin-like growth factor I, insulin-like
growth factor–binding protein 3

• Urinalysis
• Celiac disease panel (antiendomysial

immunoglobulin A [IgA] antibody or tissue
transglutaminase IgA and total IgA levels)

• Infl ammatory bowel disease panel
• Prolactin

OTHER TESTS (IF INDICATED)

• Karyotype
• Brain magnetic resonance imaging
• Pelvic ultrasound
• Gonadotropin-releasing hormone (GnRH)

or GnRH analog stimulation test
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are present, headaches are present, or the family’s or the child’s emotional state is aff ected 
adversely.7 Th ese recommendations are controversial, and although extensive evaluation in 
6- to 8-year-old girls is usually not revealing of pathologic abnormality, each child must 
be considered individually.

Early stimulation of the hypothalamic-pituitary axis, with resultant gonadotropin secre-
tion and sex steroid secretion, is termed central precocious puberty. Sex steroid secretion that 
is independent of pituitary gonadotropin secretion may be termed peripheral or pseudopre-
cocious puberty. Box 62-3 lists the causes of these 2 conditions. Precocity may be isosexual 
(appropriate for phenotype) or heterosexual (appropriate for opposite gender phenotype) 
and is signifi cantly more common in girls than it is in boys. Box 62-4 lists the causes of 
heterosexual precocious puberty. In girls, idiopathic precocious puberty is the single most 
common diagnosis and accounts for 85% of central precocious puberty, whereas 60% of 
precocious puberty in boys has a pathologic cause.1 Girls adopted from developing countries 
may be at particular risk for precocious puberty.8 Internationally adopted girls have shown 
a trend toward early and rapidly progressing puberty that may be related to the increased 
metabolic activity exhibited if catch-up growth occurs after adoption.9 Precocious puberty 
can signifi cantly reduce adult height and can, in some cases, have an adverse eff ect on a 
child’s and a family’s emotional state.

 VARIATIONS OF PUBERTY
Two entities not requiring treatment are isolated premature breast development (thelarche) 
and isolated premature development of sexual hair (adrenarche). Premature thelarche occurs 
in girls between 6 months and 3 years of age. Breast development is usually moderate, 
often regresses, and is seen without other signs of precocious puberty. Specifi cally, estrogen 
or gonadotropin levels do not increase signifi cantly, and statural and skeletal maturation 
accelerate only mildly, if at all. Premature thelarche does not progress to complete preco-
cious puberty. Premature adrenarche usually occurs between 5 and 7 to 8 years of age. 

BOX 62-3

Causes of Isosexual Precocious Puberty
 1. Central (with pituitary gonadotropin 

secretion)
 a. Idiopathic
 b. Central nervous system abnormalities

i. Congenital anomalies (hydrocephalus)
ii.  Tumors (hypothalamic, pineal, other)
iii. Hamartoma
iv. Postinfl ammatory condition
v. Trauma

vi. Syndromes
(1) Neurofi bromatosis
(2) Tuberous sclerosis

 c. Hypothyroidism (severe)

 2. Peripheral
 a. Exogenous sex steroids
 b. Gonadal tumors or cysts
 c. Adrenal hyperplasia or tumor
 d. Ectopic gonadotropin–secreting tumors 

(chorioepithelioma, hepatoblastoma, 
teratoma)

 e. Familial Leydig cell hyperplasia, recep-
tor mutation

 f. McCune-Albright syndrome, G-protein 
mutation
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Th e development of sexual hair is frequently accompanied by a mild growth spurt (with 
slight bone age advancement) and signs of increased adrenal androgens (increased levels of 
plasma dehydroepiandrosterone and its sulfate to the early pubertal range). In girls, signs 
of increased estrogen secretion are not seen. An abnormal androgen source such as a tumor 
or late-onset congenital adrenal hyperplasia must be excluded. Premature adrenarche may 
occur in children with neurologic problems. In some girls, premature adrenarche may be a 
marker for future polycystic ovarian syndrome.1

With both premature thelarche and premature adrenarche, careful follow-up physical 
examinations are necessary to be sure they do not represent the early stages of complete 
sexual precocity.

Isosexual Precocious Puberty
Evaluation and treatment of precocious puberty are a matter for a pediatric endocrinolo-
gist. Th e diagnosis of isosexual precocious puberty is based on the physical examination 
and laboratory evidence of sex steroid secretion. Common initial tests (Box 62-5) include 

BOX 62-5

Evaluation for Precocious Puberty
INITIAL SCREENING TESTS

• Th orough history, physical examination, 
and calculation of growth velocity

• Bone age
• Luteinizing hormone, follicle-stimulating 

hormone
• Estradiol, testosterone
• Dehydroepiandrosterone sulfate
• 17-Hydroxyprogesterone

• Th yroid-stimulating hormone, thyroid 
hormone

SECONDARY TESTS (IF INDICATED)

• Pelvic ultrasound
• Brain magnetic resonance imaging
• Serum �-human chorionic gonadotropin
• Gonadotropin-releasing hormone (GnRH) 

or GnRH

BOX 62-4

Causes of Heterosexual Precocious Puberty
 1. Girls

 a. Congenital adrenal hyperplasia
 b. Androgen-secreting tumors

i. Adrenal
ii. Ovarian
iii. Teratoma

 c. Exogenous androgens
 2. Boys

 a. Estrogen-producing tumors
i. Adrenal
ii. Teratoma

iii. Hepatoma
iv. Testicular

 b. Exogenous estrogens
 c. Increased peripheral conversion of 

androgens to estrogens
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evaluation of growth velocity, bone age, LH, FSH, and estradiol or testosterone. Additional 
testing might include dehydroepiandrosterone sulfate, 17-hydroxyprogesterone, thyroid-
stimulating hormone, and thyroid hormone levels. Th e hormone levels should be drawn as 
close to 8:00 am as possible to coincide with normal early-morning hormone level peaks. 
Other tests may include a pelvic ultrasound, brain MRI, �-human chorionic gonado-
tropin, GnRH stimulation test, or adrenocorticotropic hormone stimulation test assess-
ing for congenital adrenal hyperplasia. Measurement of serum gonadotropin levels before 
and after an injection of GnRH usually distinguishes central from peripheral precocious 
puberty. With central precocious puberty, further workup focuses on a search for the cause 
of the gonadotropin secretion. Th e diagnosis of idiopathic central precocious puberty can 
be made only after the search for a pathologic cause is negative. Although onset is at an 
early age, the tempo and pattern of pubertal progression are normal in idiopathic central 
precocity. With peripheral precocious puberty, the workup is designed to identify the 
source of sex steroid, remembering that exogenous sources (eg, contraceptive pills, topical 
androgen creams or gels) are easily available. In boys, physical examination of the testes 
is particularly useful in the diff erential diagnosis. If both testes are of pubertal size, then 
the patient has gonadotropin-stimulated precocious puberty; if 1 testis is enlarged, 
then a testicular tumor may be present; if both testes are small, then the androgens are 
either exogenous or of adrenal origin.

Treatment of isosexual precocity centers on suppression or removal of the underlying 
cause. Idiopathic central precocious puberty is treated with GnRH analogs, which lead to 
pituitary desensitization and a reduction in gonadotropin secretion to prepubertal levels. 
Several GnRH analogs are available in intramuscular (depot), subcutaneous, and intranasal 
forms. Depot leuprolide is used most commonly in the United States and is usually given 
every 3 to 4 weeks, although longer-acting forms, which may be given every 12 weeks, 
are available. Th is treatment has been used for years, is eff ective, and has minimal side 
eff ects. A long-acting analog is also available as an implant (histrelin acetate) and is equally 
eff ective. For gonadotropin-independent precocious puberty, testolactone and other aro-
matase inhibitors (anastrozole, letrozole), spironolactone (androgen-receptor inhibitor), 
and ketoconazole (steroidogenesis inhibitor) may be used. McCune-Albright syndrome 
is an unusual syndrome of irregular café au lait spots, polyostotic fi brous dysplasia, and 
precocious puberty caused by a somatic mutation that can lead to constitutive activa-
tion of various glands, including the thyroid, parathyroid, adrenal, and gonad. Tamoxifen 
(estrogen-receptor inhibitor) has recently been shown to be an eff ective treatment for 
McCune-Albright syndrome.10

Heterosexual Precocious Puberty
Heterosexual precocious puberty is uncommon (see Box 62-4 for a list of causes). Exogenous 
sex steroids, including topical preparations, must be considered. Th e diagnostic workup 
centers on the search for a sex steroid–producing tumor. Th ese patients should be referred 
to a pediatric endocrinologist. Treatment is aimed at removal of the sex hormone source 
(exogenous or tumor) or suppression with glucocorticoid replacement therapy (congenital 
adrenal hyperplasia).
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 SUMMARY
In most cases of delayed or precocious sexual development, a thorough history and physi-
cal examination and a few basic laboratory tests identify patients who are likely to have a 
pathologic cause requiring referral to a pediatric endocrinologist. (See Chapter 41, Hirsutism, 
Hypertrichosis, and Precocious Sexual Hair Development, for further discussion of various 
forms of precocious sexual development.)

In all cases, along with physical care, psychological care and support are extremely important, 
particularly when medical therapy is only partially satisfactory.

When to Refer

For delayed puberty
• No breast development in girls by 13 years of age
• No menarche 4 to 5 years after the onset of breast development or by 15 to 16 years of 

age in girls
• No testicular enlargement in boys by 14 years of age
• Maturational arrest
• Hormonal abnormalities identifi ed by initial screening tests (see Box 62-2)
• Parental or physician discomfort
For precocious puberty
• Signs of puberty before 6 to 8 years of age in girls (see text)
• Signs of puberty before age 9 in boys
• Rapidly progressive puberty (eg, stage 3 breast when fi rst noted)
• Heterosexual precocious puberty
• Hormonal abnormalities identifi ed by initial screening tests (see Box 62-5)
• Parental or physician discomfort

TOOLS FOR PRACTICE

Engaging Patient and Family
• Puberty (Web page), American Academy of Pediatrics (www.healthychildren.org/

English/ages-stages/gradeschool/puberty/Pages/default.aspx)
• Puberty—Ready or Not, Expect Some Big Changes (handout), American Academy of 

Pediatrics (patiented.solutions.aap.org)
• What Is a Pediatric Endocrinologist? (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/health-management/pediatric-specialists/pages/
What-is-a-Pediatric-Endocrinologist.aspx)
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Chapter 63

Rash
Daniel Krowchuk, MD

Skin complaints are common in pediatrics. Surveys indicate that 10% to 20% of visits by 
children to outpatient facilities are associated with a dermatologic problem; it may be the 
primary reason for the visit, a secondary concern, or an incidental fi nding during physical 
examination. Because of the volume of skin-related problems, physicians caring for children 
must gain some skill in recognizing and managing the most common cutaneous disorders.

Dermatology is a visual discipline. With experience, pediatricians and other physicians 
can recognize most of the common problems aff ecting the skin, including the subtle varia-
tions in presentation. For uncommon problems, an atlas, text, consultant, or other resource 
can be used to aid in identifi cation. As in most medical specialties, an organized approach 
to the problem is helpful in leading to the correct diagnosis.

Th e approach to diagnosing skin problems in children is best based on the morphology 
of the patient’s lesions. An appropriate history and accurate description of what is seen can 
usually overcome any obstacle to diagnosis.

 HISTORY
Although the diagnosis of skin lesions relies heavily on physical examination and the recogni-
tion of types of lesions, as with any problem, an appropriate, problem-oriented history is the 
fi rst step in diagnosis. Some questions that may be useful and their rationale are presented 
in the following sections.

History of the Present Illness
How long have you had the rash? Has it gotten better or worse? Has it occurred in the past? 
Conditions such as atopic dermatitis are chronic and recurrent, whereas others such as viral 
exanthems (eg, erythema infectiosum) are acute and self-limited.

Are there associated symptoms? A generalized erythematous macular eruption associated 
with fever, nasal congestion, and cough suggests the presence of a viral exanthem. Fever, 
petechiae, and purpura in an ill-appearing child may indicate a serious bacterial infection 
such as meningococcemia. Atopic or contact dermatitis and scabies characteristically pro-
duce pruritus.

Are any medications being taken? Th e onset of wheals in a child receiving an oral antibiotic 
might represent urticaria as a manifestation of drug allergy. Lithium can worsen acne, and 
minocycline may cause hyperpigmentation. Topical therapies also may be relevant to the 
patient’s problem. Neomycin (used in certain topical antibiotic preparations), diphenhydra-
mine (used to reduce pruritus), and certain anesthetics (used to reduce pain or pruritus), 
when applied topically, may induce a contact dermatitis.
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Are there factors that worsen or precipitate the rash? Th e malar rash of systemic lupus ery-
thematosus is worsened by sun exposure. For many children who have atopic dermatitis, 
reduced humidity during colder months is associated with an exacerbation of disease.

What treatment has been tried, and what was its eff ect? Knowing which therapies have 
been employed, if they were used appropriately, and if they were eff ective is helpful. 
Treatment for head lice infestation, for example, may fail if the product is applied incor-
rectly or if it is left on the scalp for an insuffi  cient period. In addition, repeating a therapy is 
unwise if it was used correctly but proved ineff ective.

Family History
Is there a family history of skin disease or other health problems? Children who have atopic 
dermatitis often have a family history of atopic disease, including atopic dermatitis, allergic 
rhinitis, or asthma. If a child is found to have multiple café au lait macules and a diagnosis 
of neurofi bromatosis type 1 is being considered, determining whether the patient has any 
aff ected fi rst-degree relatives is vital. Whether other family members are similarly aff ected 
is relevant when cutaneous infections or infestations are suspected. Impetigo, tinea capitis, 
scabies, and head lice are frequently transmitted within families.

Social History
For adolescents, in particular, a social history may be relevant.

Do you work after school? Occupational exposure to greases or oils (eg, in a fast-food 
restaurant or car repair shop) may worsen acne.

Have you ever been involved in a sexual relationship? A confi dential sexual history may be 
important. Secondary syphilis and disseminated gonococcal infection, as examples, have 
cutaneous manifestations, and sexual contact can lead to the transmission of molluscum 
contagiosum or scabies and infestation with pubic lice.

 PHYSICAL EXAMINATION
Recognizing and describing skin lesions accurately is essential to diagnosis. Th e fi rst step is 
to identify the primary lesion, defi ned as the earliest lesion and the one most characteristic of 
the disease. Primary lesions, described later, include macules, papules, vesicles, and pustules, 
among others. Next, noting the distribution, arrangement, and color of primary lesions, 
along with any secondary change, such as crusting or scaling, is important.

Types of Primary Lesions
Primary lesions may be fl at, elevated, or depressed. Flat lesions include macules and patches. 
A macule is a small, circumscribed area of color change without elevation or depression. 
An example is a café au lait macule (Figure 63-1). Although specifi c criteria for size are 
lacking, a patch is a large macule (Figure 63-2). Elevated lesions may be solid or fl uid fi lled. 
Solid lesions include papules (<0.5 cm in diameter), nodules (≥0.5 cm in diameter), wheals 
(pink, rounded, or fl at-topped elevations caused by edema in the skin), and plaques (plateau-
shaped structures often formed by the coalescence of papules) (Figure 63-3, Figure 63-4, 
Figure 63-5, and Figure 63-6). Elevated fl uid-fi lled lesions are vesicles (<0.5 cm in diameter 
and fi lled with serous fl uid), bullae (≥0.5 cm in diameter and fi lled with serous fl uid), pus-
tules (<0.5 cm in diameter and fi lled with purulent material), and cysts (≥0.5 cm in diameter 
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  Figure 63-1
 Café au lait macules in a patient who has neurofi bromatosis type 1.         

  Figure 63-2
 A port-wine stain is an example of an erythematous patch.         
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  Figure 63-3
 Neonatal acne is composed of erythematous papules and papulopustules.         

  Figure 63-4
 Nodules representing neurofi bromas in a patient who has neurofi bromatosis type 1.         
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  Figure 63-5
 Pink wheals in a patient who has urticaria.         

  Figure 63-6
 Scaling plaques, plateau-like lesions, are observed in psoriasis.         

that represent sacs containing fl uid or semisolid material) (Figure 63-7, Figure 63-8, and 
Figure 63-9). A depressed lesion may be an erosion (a superfi cial loss of epidermis with a 
moist base) or an ulcer (a deeper lesion extending into or below the dermis) (Figure 63-10).

Distribution
Given that certain disorders have unique patterns of distribution, noting the parts of the body 
involved may provide an important clue to diagnosis. For example, seborrheic dermatitis 
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  Figure 63-7
 Vesicles, as seen here in varicella, are fi lled with clear or serous fl uid.         

  Figure 63-8
 Bullae, fi lled with clear fl uid, are observed in chronic bullous disease of childhood.         
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commonly involves not only the scalp but also the eyebrows and nasolabial folds. Psoriasis 
also aff ects the scalp, but lesions are often seen in areas that are traumatized, such as the 
elbows and knees. Acne is limited to the face, back, and chest, sites of the highest concentra-
tions of pilosebaceous follicles.

Arrangement
Lesions may appear in lines (eg, vesicles in contact dermatitis from poison ivy), be grouped 
or clustered (eg, vesicles in herpes simplex virus infection), follow a dermatome (eg, vesicles 

  Figure 63-9
 Pustules are fi lled with purulent material. This patient has folliculitis.         

  Figure 63-10
 Erosions, as seen in this infant who has acrodermatitis enteropathica, represent a superfi cial loss of 
epidermis.          
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in herpes zoster), or form an annulus or ring (eg, papules in granuloma annulare or a 
patch in erythema migrans) (Figure 63-11, Figure 63-12, Figure 63-13, and Figure 63-14).

Color
Although the color of a lesion may be obvious, descriptive terms that can be helpful include 
skin colored, erythematous (pink or red), hyperpigmented (tan, brown, or black), hypopigmented 
(the amount of pigment is decreased but not entirely absent), depigmented (all pigment is 
absent, as occurs in vitiligo), or violaceous. When erythematous lesions are observed, the 
examiner should note whether they blanch. Th e red color in skin depends on hemoglobin 
within red blood cells. If the red cells are within vessels (as occurs in urticaria, for example), 
compression of the skin forces the cells into deeper vessels, and blanching occurs. However, 
if the cells are outside vessels, as occurs in forms of vasculitis, blanching will not occur; 
nonblanching lesions are termed petechiae, purpura, and ecchymoses.

  Figure 63-11
 A linear arrangement of papules or vesicle often occurs in contact dermatitis caused by poison ivy.         

  Figure 63-12
 Grouped vesicles are characteristic of herpes simplex virus infection on the skin.         
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  Figure 63-13
 Herpes zoster is characterized by grouped vesicles on erythematous bases distributed along 
a dermatome.

  Figure 63-14
 An annulus (ie, ring-shaped lesion) is typical of tinea corporis.

Secondary Changes
Secondary changes are alterations in the skin that may accompany primary lesions. Th ese 
changes, too, can be valuable in diff erential diagnosis. Crusting represents dried fl uid; it is 
commonly seen after the rupture of vesicles or bullae, as occurs with the honey-colored 
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crust of impetigo. In contrast, scaling represents epidermal fragments that are characteristic 
of several disorders, among which are fungal infections (eg, tinea corporis) and psoriasis. 
Atrophy is an area of surface depression from absence of the dermis or subcutaneous fat. 
Atrophic skin often appears thin and wrinkled. Lichenifi cation is a thickening of the skin 
that results from chronic rubbing or scratching (as occurs in atopic dermatitis, for example); 
as a result, skin markings (ie, creases) appear more prominent.

 DIAGNOSIS
Once the primary lesions are identifi ed, along with their distribution, arrangement, color, and 
secondary changes, these observations should be formulated into 1 or 2 sentences. For exam-
ple, “Located on the extensor surfaces of the extremities are erythematous, scaling papules, 
and plaques. Scaling of the scalp and pitting of the nails are evident.” Such formulations assist 
in diff erential diagnosis. Identifying scaling papules and plaques, as in the previous example, 
places the patient’s condition into the category of papulosquamous (elevated and scaling) 
diseases and eliminates countless other disorders from consideration. In children, the most 
common papulosquamous disorders are chronic atopic or contact dermatitis, tinea corporis, 
and pityriasis rosea; less common conditions are psoriasis, secondary syphilis, lichen planus, 
dermatomyositis, and lupus erythematosus. Given the location of the lesions on extensor 
surfaces and involvement of the scalp and nails, psoriasis becomes a primary consideration.

Boxes 63-1 and Box 63-2 assist in diff erential diagnosis based on the morphology of 
lesions. Notably, however, these tables are not exhaustive; rather, they list the most commonly 

Box 63-1

Diff erential Diagnosis of Rashes in Neonates
ELEVATED LESIONS

Papules
Common
• Erythematous

• Erythema toxicum
• Miliaria rubra
• Acne
• Candidiasis
• Scabies

• White
• Milia

• Yellow
• Sebaceous gland hypertrophy

• Skin colored
• Epidermal nevus
• Skin tags

Uncommon
• Yellow

• Juvenile xanthogranuloma
• Yellow/tan

• Mastocytosis

Nodules
Common
• Erythematous

• Hemangioma

Uncommon
• Skin colored

• Condylomata acuminata
• Dermoid cyst

• Yellow
• Mastocytosis

Plaques
Common
• Skin colored or yellow

• Nevus sebaceus
• Skin colored

• Epidermal nevus

Vesicles or bullae
Common
• Erythema toxicum
• Miliaria crystallina
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• Sucking blisters
• Bullous impetigo
• Herpes simplex virus infection

Uncommon
• Incontinentia pigmenti
• Aplasia cutis congenita
• Varicella
• Epidermolysis bullosa
• Epidermolytic icthyosis

Pustules
Common
• Erythema toxicum
• Transient neonatal pustular melanosis
• Miliaria pustulosa
• Herpes simplex virus infection
• Folliculitis
• Acne
• Candidiasis
• Scabies

Uncommon
• Acropustulosis of infancy

FLAT LESIONS

Macules
Common
• Hypopigmented

• Prehemangioma
• Postinfl ammatory hypopigmentation

• Hyperpigmented
• Transient neonatal pustular melanosis
• Café au lait macule
• Postinfl ammatory hyperpigmentation
• Congenital melanocytic nevus

Uncommon
• Hypopigmented

• Ash leaf macule

Patches
Common
• Erythematous

• Salmon patch (nevus simplex)
• Hemangioma (early)
• Port-wine stain
• Atopic dermatitis
• Seborrheic dermatitis
• Diaper dermatitis (irritant or seborrheic)

• Hyperpigmented
• Dermal melanosis
• Lentigo

Uncommon
• Erythematous

• Acrodermatitis enteropathica
• Hyperpigmented

• Pigment mosaicism
• Hypopigmented

• Pigment mosaicism
• Nevus depigmentosus

DEPRESSED LESIONS

Erosions
Common
• Bullous impetigo (after bullae rupture)
• Neonatal herpes simplex virus infection 

(after vesicles rupture)
• Staphylococcal scalded skin syndrome

Uncommon
• Aplasia cutis congenita
• Acrodermatitis enteropathica
• Epidermolysis bullosa
• Epidermolytic icthyosis 

Box 63-1

Diff erential Diagnosis of Rashes in Neonates—cont’d
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Box 63-2

Diff erential Diagnosis of Rashes in Older Infants, 
Children, and Adolescents
ELEVATED LESIONS

Papules Without Scaling
Common
• Erythematous

• Viral exanthems (Many exanthems 
have a papular as well as macular 
component.)

• Scarlet fever
• Insect bites
• Scabies
• Urticaria
• Papular urticaria
• Acne
• Early lesions of guttate psoriasis
• Erythema multiforme

• Skin colored
• Keratosis pilaris
• Molluscum contagiosum
• Flat warts

• Hyperpigmented
• Nevus (intradermal)

Uncommon
• Yellow/tan

• Mastocytosis

Plaques Without Scaling
Common
• Skin colored

• Nevus sebaceus
• Epidermal nevus

• Hyperpigmented
• Congenital melanocytic nevus

Papules or Plaques With 
Scaling (Papulosquamous 
Diseases)
Common
• Tinea corporis
• Pityriasis rosea
• Chronic atopic or contact dermatitis
• Psoriasis

Uncommon
• Dermatomyositis
• Lupus erythematosus
• Lichen planus

Nodules
Common
• Erythematous

• Pyogenic granuloma
• Skin colored

• Wart
• Callus
• Corn
• Epidermal cyst
• Granuloma annulare

Uncommon
• Erythematous

• Angiofi broma (ie, adenoma sebaceum)
• Skin colored

• Neurofi broma
• Yellow/tan

• Mastocytosis

Vesicles or Bullae
Common
• Contact dermatitis
• Bullous impetigo
• Varicella
• Herpes simplex virus infection
• Hand-foot-and-mouth disease
• Erythema multiforme

Uncommon
• Polymorphous light eruption
• Linear immunoglobulin A dermatosis

Pustules
Common
• Folliculitis
• Scabies
• Acne
• Periorifi cial dermatitis

Uncommon
• Associated with systemic bacterial infection 

(eg, disseminated gonococcal infection)

FLAT LESIONS

Macules
Common
• Erythematous

• Viral exanthems
• Drug eruptions
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Box 63-2

Diff erential Diagnosis of Rashes in Older Infants, 
Children, and Adolescents—cont’d
• Hypopigmented

• Pityriasis alba (postinfl ammatory
hypopigmentation)

• Tinea versicolor
• Vitiligo
• Halo nevus

• Hyperpigmented
• Freckles
• Postinfl ammatory hyperpigmentation
• Tinea versicolor
• Café au lait macules
• Melanocytic nevus

Uncommon
• Hypopigmented

• Lichen sclerosus et atrophicus
• Scleroderma
• Ash leaf macule
• Piebaldism

Patches
Common
• Erythematous

• Salmon patch (nevus simplex)
• Port-wine stain
• Atopic dermatitis

• Hyperpigmented
• Dermal melanosis
• Becker nevus
• Lentigo

Uncommon
• Erythematous

• Toxic shock syndrome (diff use macular
[“sunburn-like”] erythema)

• Hyperpigmented
• Pigment mosaicism
• Incontinentia pigmenti

DEPRESSED LESIONS

Erosions
Common
• Bullous impetigo (after bullae rupture)
• Herpes simplex virus infection (after

vesicles rupture)
• Staphylococcal scalded skin syndrome

Uncommon
• Epidermolysis bullosa

HAIR LOSS

Congenital
• Localized

• Nevus sebaceus
• Epidermal nevus
• Aplasia cutis congenita

• Diff use
• Hair shaft abnormalities
• Hypothyroidism

Acquired
• Localized

• Friction alopecia
• Tinea capitis
• Traction alopecia
• Trichotillomania
• Alopecia areata
• Psoriasis
• Secondary syphilis
• Scleroderma

• Diff use
• Telogen effl  uvium
• Chemotherapy
• Hypothyroidism
• Acrodermatitis enteropathica

encountered disorders and a few less common ones to consider. Formulating a dermatologic 
diff erential diagnosis rests not only on the primary lesion but also on other information, 
such as the distribution, arrangement, and color of lesions and the presence of any secondary 
change. When the patient’s physical fi ndings do not immediately make the diagnosis clear, 
a textbook or atlas of dermatology, consultant, or other resource can provide assistance.
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Chapter 64

Recurrent Infections 
David L. Goldman, MD

Pediatric primary care physicians frequently encounter children who have recurrent infec-
tions, most of whom are otherwise healthy. Reassuring the parents of these children that 
no underlying abnormality exists is particularly important. Much less commonly, recurrent 
infections are a sign of an underlying, possibly immunologic, disorder. Early identifi cation of 
these children is critical because prompt intervention can decrease morbidity and mortality.

 NORMAL PATTERN OF INFECTIONS IN CHILDHOOD
Generally, healthy children experience 6 to 8 upper res piratory tract infections per year 
in the fi rst few years of life.1 However, up to 15 infections per year can still be within the 
normal range. Th e high frequency of infections in the fi rst years of life results from the rela-
tive immunologic immaturity of young children and their frequent exposure to respiratory 
pathogens. Factors such as attendance in child care and exposure to secondhand smoke may 
increase the number of infections.2-4

In the healthy host, these infections are self-limited, occur more frequently in the winter 
than in other seasons, and are associated with periods of wellness in between illnesses. Growth 
and development are normal. Considering that the average duration of a viral illness is 7 to 
10 days, typically, a toddler may be sick for up to 100 days or almost one-third of the year.

 INFECTIONS ASSOCIATED WITH AN UNDERLYING 
IMMUNE DISORDER

Occasionally, a pediatrician will encounter a child who has a history of infections that 
number above the normal range. Certain patterns of infections should alert the physician 
to the possibility of an underlying immunodefi ciency. One such pattern is an increased 
frequency of common infections. Although an immunocompetent child can experience a 
single serious bacterial infection such as pneumonia, meningitis, or osteomyelitis, repeated 
serious bacterial infections should alert the pediatrician to the possibility of an underly-
ing disorder. Immunodefi ciency may also cause a common infection to manifest uncom-
monly, with increased severity, prolonged duration, or failure to respond to appropriate 
treatment. Varicella, a typically benign infection in healthy, immunocompetent children, 
can cause overwhelming infections in children who have leukemia, and prolonged illness 
in children who have acquired immunodefi ciency syndrome (AIDS). Immunodefi ciency 
may also be suggested by a common infection exhibiting at an uncommon age. Th rush or 
candidal diaper dermatitis in children older than 1 year suggests a defect in T-cell immunity. 
Alternatively, immunodefi ciency may produce an infection with an opportunistic pathogen 
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(ie, Pneumocystis jiroveci, Cryptococcus neoformans). Rarely, immunodefi ciency may become 
apparent as an infection after the administration of a live virus vaccine.

 NONIMMUNOLOGIC DISORDERS ASSOCIATED 
WITH ENHANCED SUSCEPTIBILITY TO INFECTIONS

Host defense against microbial pathogens involves anatomic, physiologic, and infl ammatory 
barriers. Defects in any of these systems can lead to recurrent infections. In general, recurrent 
bacterial infections at the same anatomic site that are not associated with other infections or 
other signs of an underlying syndrome should suggest the possibility of an anatomic defect 
that may be either congenital or acquired. Th is circumstance is true especially of children who 
have urinary tract infections and otitis media. About 62% of children younger than 
1 year have more than 1 episode of otitis media, and 17% have 3 or more episodes.5 Th e 
increased susceptibility of young children to otitis media results from an age-related dys-
function of the eustachian tubes and is rarely associated with underlying immunodefi ciency. 
Anatomic defects leading to recurrent infections may also occur in other organ systems. 
Recurrent meningitis may occur as the result of an occult cerebral spinal fl uid leak. Recurrent 
pneumonia may result from various nonimmunologic causes such as alteration of the normal 
barrier as a result of foreign body aspiration, tracheoesophageal fi stula, or gastroesophageal 
refl ux. Impaired function of mucociliary transport, as seen in cystic fi brosis and immotile cilia 
syndromes, also leads to recurrent pneumonia. Besides anatomic defects, recurrent or unusual 
infections can also occur as a result of alteration in the normal microbial fl ora associated with 
antibiotic use (eg, Clostridium diffi  cile colitis) and circulatory disorders such as venostasis.

Certain types of infection may be associated with recurrent disease in the absence of 
recognized immunodefi ciency. Recurrent soft tissue and skin infections with Staphylococcus 
aureus and colitis with C diffi  cile fi t this pattern, in which recurrence is thought to result 
primarily from bacterial characteristics that lead to persistence despite antimicrobial therapy. 
Treatment is therefore directed at eliminating underlying infection.

Allergic conditions may be confused with recurrent infections. Allergic rhinitis may be 
misdiagnosed as recurrent upper respiratory tract infection, and asthma may be misdiagnosed 
as recurrent pneumonia. When repeated episodes of pneumonia are the sole presentation of 
recurrent infection, the physician should consider the possibility of reactive airway disease, 
which can produce recurrent respiratory symptoms in association with pulmonary infi ltrates.

 SECONDARY IMMUNODEFICIENCIES
Abnormalities of the immune system may be categorized as either primary or secondary. 
Secondary immunodefi ciencies, more common than primary, are either acquired or a 
consequence of a nonimmunologic process, including infection, malignancy, medication 
(ie, cytotoxic, immunosuppressive), malnutrition, splenic dysfunction, and metabolic 
disorders (Table 64-1). Improvements in medical care have led to an increase in the number 
of children with secondary immunodefi ciencies, including those with organ transplants, 
rheumatologic diseases, and malignancies. New therapies have also led to new risk factors for 
unusual infections. For example, anticytokine therapies such as antitumor necrosis factor-a 
for rheumatoid diseases and Crohn disease have been associated with an increased susceptibil-
ity to tuberculosis and histoplasmosis.6,7 Similarly, the implantation of foreign materials (ie, 
heart valves, catheters) is associated with an increased risk for infection. Improved postnatal 
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care has led to improved survival of premature neonates, who exhibit a variety of immune 
defi cits that put them at increased risk for infection.

 Th e spleen serves as a fi lter to remove infectious agents from the circulation and as a site 
for maturation of the immune response. Splenic dysfunction and its associated immunodefi -
ciency can result from a variety of disorders, including congenital absence, surgical removal, 
hemoglobinopathies, and infi ltrative diseases. Aff ected patients typically experience increased 
susceptibility to bacterial pathogens, especially encapsulated organisms. 

Human immunodefi ciency virus (HIV) infection, which produces a combined defi ciency 
in both humoral and cellular immunity (AIDS) and is an important cause of secondary 
immunodefi ciency, may be acquired congenitally or horizontally. Children infected with 
HIV can develop symptoms related to a variety of infection types (ie, opportunistic, recur-
rent, atypical), depending on the immune status of the child. Older children, who acquire 
HIV infection horizontally, may develop a primary syndrome in association with the HIV 
infection itself, which is clinically similar to other viral illnesses (ie, infl uenza, infectious 
mononucleosis). Recent advances in HIV therapy have helped decrease the morbidity and 
mortality associated with this disease, making early recognition and prompt intervention 
essential for optimal management. Other viral infections may impair the immune response 
in more subtle ways. For example, preceding infl uenza infection is readily recognized as a 
risk factor for superinfection with bacterial pneumonia.

Malnutrition, resulting from protein, mineral, or vitamin defi ciency, is an extremely 
important cause of secondary immunodefi ciency in many areas of the world and has been 
linked to increased susceptibility to a variety of infections, including measles, pneumocystis, 
and tuberculosis.

 PRIMARY IMMUNODEFICIENCY
Primary immunodefi ciencies, far less common than secondary, are caused by intrinsic defects 
in the immune system that are genetically determined. Excluding selective immunoglobulin 
A (IgA) defi ciency, primary immunodefi ciencies occur at an incidence of 1 in 10,000 births.8,9 
Because many of these syndromes are X-linked, boys are aff ected more commonly than girls. 
Most children who have primary immunodefi ciencies are symptomatic within the fi rst few 
years of life, with several exceptions, including common variable immunodefi ciency and 
defi ciencies of the terminal complement components. Primary immunodefi ciencies may 

 Table 64-1 
 Secondary Immunodefi ciencies

 CAUSE  DISEASE

     Infection  HIV; congenital rubella

     Malignancy  Leukemia; lymphoma

     Metabolic  Uremia; malnutrition; protein-losing enteropathy; diabetes; galactosemia

     Chromosomal  Down syndrome; Bloom syndrome

     Medications  Corticosteroids; chemotherapy; antirejection medication

     Splenic dysfunction  Splenectomy; sickle cell disease; congenital asplenia

     HIV , human immunodefi ciency virus.
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involve the innate or adaptive immune system and are classifi ed by the specifi c component of 
the immune system that is aff ected (eg, humoral, cellular, complement, and phagocytic). As 
our understanding of immunity and genetics has grown, there has been increased recognition 
of primary immune defi ciency states, including defects in the innate (eg, toll-like and dectin 
receptors) and cellular (eg, helper T cells subtype 17 [Th 17]) immune responses. Th ere has 
also been improved understanding of the basis of immunodefi ciency for certain syndromes. 
For example, defects in the Th 17 immune response are now recognized to contribute to 
the immunodefi ciecny associated with hyper-IgE syndrome. Defects in various arms of the 
immune system are associated with enhanced susceptibility to infections by particular types 
of pathogens (see later). Hence, the type of infecting pathogen may be useful in guiding 
the evaluation of a child with a suspected immunodefi ciency. Associated clinical fi ndings, 
which can be nonspecifi c or syndrome specifi c, may also suggest a primary immunodefi ciency. 
A child who has serious recurrent infections will often experience growth failure. However, 
other physical, historical, and laboratory fi ndings associated with primary immunodefi ciency 
syndromes can be found (Table 64-2). Th e specifi c timing of infections may also serve as an 
important clue to the nature of immunodefi ciency. For example, antibody defi ciency states are 
not generally recognized within the fi rst few months of life because of the presence of maternal 
antibody. In contrast, severe combined immunodefi ciency, complete DiGeorge syndrome, con-
genital neutropenia, and leukocyte adhesion defect typically present with infections early in life.

Defects in Humoral Immunity
Defects in humoral immunity, the antibody-mediated arm of the immune system, represent 
50% to 70% of symptomatic primary immunodefi ciencies. Th e defects occur at various 
stages of B-cell development and result in a wide variety of clinical presentations. Syndromes 
range in severity from a total absence of mature B cells to an isotype defi ciency to a defec-
tive antibody response against polysaccharide antigens (Table 64-3). Given the protective 
eff ects of maternally acquired antibody, even the most severely aff ected children (eg, those 
who have a total absence of antibody production) do not become symptomatic until after 

 Table 64-2 
 Signs Associated With Primary Immunodefi ciencies 

 SIGN  ASSOCIATED SYNDROME

     Intractable diarrhea and 
malabsorption

SCID; XLA; CVID

     Rheumatologic conditions  CVID; IgA defi ciency; XLA

     Hepatosplenomegaly, 
lymphadenopathy

 Hyper-IgM syndrome

     Absence of lymph tissue  XLA

     Thrombocytopenia  Wiskott-Aldrich syndrome

     Eczema  Wiskott-Aldrich syndrome; chronic granulomatous disease; 
Job syndrome

     Oculocutaneous albinism  Chédiak-Higashi syndrome

CVID, common variable immunodefi ciency; SCID, severe combined immunodefi ciency; XLA, X-linked 
agammaglobulinemia.
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the fi rst few months of life. Children who have defects in the humoral immune system 
are characteristically susceptible to recurrent sinopulmonary infections with encapsulated 
bacteria, including Streptococcus pneumonia and Haemophilus infl uenzae. X-linked agamma-
globulinemia (Bruton agammaglobulinemia), one of the fi rst primary immunodefi ciencies 
to be described, is associated with a complete absence of mature B cells. Aff ected children 
have poor lymph tissue development, and a physical examination may reveal the absence 
of lymph nodes and tonsils. Although these children are generally not more susceptible 
to viral illnesses, they may experience severe or persistent enterovirus and rotavirus infec-
tions. Oral vaccination with live attenuated polio (no longer available in the United States) 
should be avoided because of the risk for vaccine-associated disease. Persistent Campylobacter 

 Table 64-3 
 Humoral Immunodefi ciencies

 SYNDROME   CLINICAL FEATURES  ASSOCIATED FEATURES

     X-linked agammaglobu-
linemia

  Susceptibility to encapsulated bacterial 
pathogens
    Sinopulmonary and gastrointestinal 
infections, sepsis, meningitis
    Enhanced susceptibility to enterovirus 
and rotavirus
    Symptomatic polio infection following 
live polio vaccination

 Asymmetrical arthritis; der-
matomyositis; malabsorption; 
absence of tonsils, adenoids, 
and lymph nodes

     Transient hypogamma-
globulinemia of infancy

  Recurrent sinopulmonary infections; 
generally improves by 3–4 yr

 May develop IgA defi ciency

     Hyper-IgM syndrome   X-linked
     Recurrent bacterial infections including 
encapsulated pathogens
    Infections associated with T-cell defects 
(eg,  Pneumocystis carinii ) also seen

 Low levels of IgG, IgA, and IgE 
 Neutropenia, thrombocytope-
nia; T-cell defects

     Common variable 
immunodefi ciency

  Sinopulmonary infections
     Bronchiectasis
    Giardiasis

 Most common in second and 
third decade
 Noncaseating granulomas; 
malabsorption; autoimmune 
disease

     IgA defi ciency   Very common (1 in 400 individuals) but 
usually asymptomatic
     Recurrent pulmonary infections leading 
to bronchiectasis

 Systemic lupus erythematosus; 
rheumatoid arthritis; chronic 
diarrhea
 Allergic reactions to gamma-
globulin preparations
    IgG subclass defi ciency in some

     Specifi c antibody 
defi ciency with normal 
immunoglobulins

  Recurrent bacterial infections of the 
respiratory tract

     IgG subclass defi ciency   Normal immunoglobulin levels but with 
impaired antibody responses to polysac-
charide antigens
     Clinical signifi cance not well delineated
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species infections also may occur. Children who have defects in humoral immunity are also 
predisposed to autoimmune disorders, such as dermatomyositis and asymmetrical arthritis. 
Chronic lung disease may also occur. Treatment for antibody defi ciency disorders depends 
on the type of disorder. Lifelong replacement therapy with intravenous immunoglobulin 
(IVIG) is indicated for X-linked agammaglobulinemia.

Combined Defects in Cellular and Humoral Immunity
Combined defects in cellular immunity and humoral immunity make up the second largest 
group of primary immunodefi ciencies. Isolated defects in cellular immunity, which is medi-
ated primarily by T lymphocytes, with preserved antibody function are very uncommon 
because T cells play a critical role in B-cell function and development. A defi ciency in the 
production and response to T-cell cytokines such as interferon-g is a rare exception. Most 
children with defects in T-cell immunity have associated defects in antibody immunity. 
In addition to bacterial infections, aff ected children are characteristically more susceptible 
to fungal, mycobacterial, and viral infections. Th ese children may experience recurrent or 
persistent candidiasis (or both) in the form of thrush and diaper candidiasis. Common viral 
infections of childhood (eg, varicella) may cause severe or recurrent disease in aff ected chil-
dren. Table 64-4 lists some of the more common combined immunodefi ciency syndromes.

Severe combined immunodefi ciency (SCID) is the prototypical combined immunode-
fi ciency syndrome and actually represents a collection of diseases. A variety of defects may 
result in SCID, including those aff ecting the following systems: cytokine receptors, signaling 
pathways, enzymes of the nucleotide salvage pathway, and major histocompatibility complex. 
In the fi rst few months of life, children with SCID typically experience intractable diar-
rhea, failure to thrive, recurrent candidiasis, and P jiroveci pneumonia. Defi nitive therapy 
depends on the type of SCID and may involve bone marrow transplantation or enzyme or 
gene therapy.

 Table 64-4 
 Combined Immunodefi ciencies 

 SYNDROME   CLINICAL FEATURES  ASSOCIATED FEATURES

     DiGeorge 
syndrome

  Clinically variable
    Increased viral and fungal infections

 Hypocalcemia; hypoparathyroidism; con-
genital heart disease; abnormal facies

Severe com-
bined immuno-
defi ciency (SCID)

Both B-cell and T-cell defi ciencies 
present
Includes a variety of disorders that 
have multiple modes of inheritance
Presents early in life (within fi rst 3 
mo of age) with recurrent or severe 
infections with all types of pathogens

Failure to thrive; diarrhea
Most common (50%) form is X-linked
Thymic hypoplasia
Cartilage-hair hypoplasia with certain 
forms of SCID
At increased risk for graft-versus-host 
disease with red blood cell transfusions 

Ataxia telangi-
ectasia

Recurrent sinopulmonary infections Truncal ataxia; mental retardation; thymic 
hypoplasia; telangiectasia of skin and con-
junctiva; glucose intolerance; increased 
risk for malignancy

Wiskott-Aldrich 
syndrome

Recurrent sinopulmonary infections Eczema; thrombocytopenia; increased 
risk for malignancy
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Wiskott-Aldrich syndrome is an X-linked disorder associated with the triad of throm-
bocytopenia, eczema, and recurrent infections. Th is disorder is thought to be related to a 
defi ciency in T-cell activation. Aff ected infants often experience bleeding in the fi rst few years 
of life. Th ese children may have low IgM levels but normal IgG levels.

Ataxia-telangiectasia is an autosomal recessive disorder that produces progressive ataxia, 
conjunctival telangiectasias, decreased IgA levels, and altered T-cell function. Children with 
ataxia-telangiectasia may have thymic hypoplasia, insulin resistance, or gonadal atrophy and 
are at increased risk for hematologic malignancies.

Defects in Phagocytic Immunity
Th e phagocytic arm of the immune response includes neutrophils and monocytes. Phagocytes 
form the fi rst line of defense against many pathogens and are considered part of the nonspecifi c 
immune response. Defects in phagocytic immunity range from the absence of a particular cell 
type (ie, congenital neutropenia, cyclical neutropenia) to defects in chemotaxis (leukocyte 
adhesion disorder) to defects in eff ector function (chronic granulomatous disease) (Table 64-5). 
Aff ected children typically experience recurrent skin infections and abscesses in addition to sino-
pulmonary infections. Children with defects in phagocytic oxidative burst (ie, chronic granu-
lomatous disease) are particularly susceptible to infections caused by organisms (Staphylococcus, 
Nocardia, and Aspergillus species) that are catalase positive and thus able to degrade hydrogen 
peroxide. Other clinical features associated with defects in phagocytic immunity include poor 
wound healing, delayed umbilical cord separation, gingivitis, and eczema.

Defects in the Complement System
Complement acts to lyse target cells and, as an opsonin, promotes the phagocytosis of 
microbial pathogens. Defects in the complement system are the least common among the 

 Table 64-5 
 Phagocytic Immunodefi ciencies 

 SYNDROME   CLINICAL FEATURES  ASSOCIATED FEATURES

    Chronic granulo-
matous disease 
(CGD)

    Often X-linked  
Recurrent infection of skin, lungs, liver, 
lymph nodes, and bone
Infections with catalase-positive organ-
isms (Staphylococci spp, Escherichia 
coli, Aspergillus fumigatus, and Candida 
albicans)

Eczema; lymphadenopathy; hepato-
splenomegaly

Chédiak-Higashi 
syndrome

Autosomal recessive
Recurrent pyogenic infections with 
organisms similar to those seen in CGD 

Ocular albinism; lymphoreticular 
malignancies
Neutrophils have abnormally large 
granules 

Job syndrome Recurrent sinopulmonary infections and 
skin abscesses

Eczema; red hair; coarse facies; high 
IgE levels

Leukocyte adhe-
sion defect

Autosomal recessive
Recurrent bacterial infections and 
necrotic skin lesions 

Leukocytosis with absence of neutro-
phils at infection site
Severe gingivitis with early loss of teeth
Delayed separation of umbilical cord 
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primary immunodefi ciencies. Congenital defi ciencies in the late or terminal components 
of the complement system (C5, C6, C7, C8, and C9) are inherited as autosomal recessive 
traits and result in recurrent neisserial infections. In contrast to many of the primary immu-
nodefi ciencies, terminal complement defi ciencies tend to manifest in older children and in 
adolescents, typically with recurrent meningococcal infection (meningitis or meningococce-
mia) or gonococcal arthritis. Defi ciency in the C3 component results in an increased suscep-
tibility to encapsulated bacterial pathogens and may be diffi  cult to distinguish from antibody 
defi ciencies except that it tends to occur at an earlier age, within the fi rst few months of life.

 EVALUATION OF THE CHILD WITH POSSIBLE PRIMARY 
IMMUNODEFICIENCY

History
An evaluation for a primary immunodefi ciency should be performed after nonimmunologic 
and secondary immunodefi ciency syndromes have been considered. A complete history 
should be obtained for all children being evaluated for recurrent infections, including a 
history of risk factors for HIV infection (either personal for adolescents or parental when 
congenital transmission is a possibility): drug use, prostitution, blood-product transfusion, 
multiple sexual partners, or history of sexually transmitted infection and homosexual behav-
ior. Particular attention should be paid to documenting the characteristics of previous infec-
tions, including the types of pathogens and infections, duration of illnesses, and need for 
hospitalizations. Because many of the primary immunodefi ciencies are hereditary, a detailed 
family history is important. A complete review of systems should be obtained, with atten-
tion paid to known associated features of immunodefi ciency syndromes, including failure to 
thrive. Th e immunization history is important because failure to make protective antibodies 
in response to immunizations can be indicative of immunodefi ciency.

Physical Examination
A complete physical examination should be performed. Many children who have immuno-
defi ciency appear chronically ill. Growth parameters (height, weight, and head circumference 
percentiles) should be obtained to determine the presence of failure to thrive. Physical signs 
that may indicate underlying immunodefi ciency include absence of tonsils and the presence 
of generalized lymphadenopathy and hepatosplenomegaly. Skin lesions (eczema, abscesses, 
and seborrhea) and mucous membrane involvement (telangiectasia, mucositis) are observed 
with some immunologic disorders. Signs of recurrent infection (eg, dull, retracted tympanic 
membranes) and evidence of ongoing infection (eg, thrush) may be present. Specifi c signs 
associated with a particular immunodefi ciency syndrome, such as oculocutaneous albinism 
in Chédiak-Higashi syndrome, may be present.

Laboratory Evaluation and Referral
Laboratory evaluation for a child who is thought to have an immunodefi ciency should be 
guided by the type of infections the child is experiencing. Initial screening tests usually 
include complete blood count and diff erential, serum immunoglobulin levels (IgG, IgA, 
and IgM), and lymphocyte count. Most primary immunodefi ciency syndromes will be 
associated with abnormal serum immunoglobulin levels. HIV testing should be strongly 
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considered, as indicated by the history and physical fi ndings. In an area that has a high 
prevalence of HIV infection, testing should be considered even if no obvious risk factor 
can be identifi ed. Other tests of humoral immunity include B-cell number, antibody levels 
to various antigens, and IgG subclass determinations. Tests of cellular immunity include 
delayed-type hypersensitivity (ie, mumps, Trichophyton species infection, tetanus toxoid), 
T-cell enumeration, and lymphoproliferative responses. Table 64-6 lists the initial screen-
ing tests to be considered for each component of the immune system. Antibody and T-cell 
studies must be analyzed in the context of age-adjusted normal values and may be aff ected 
by acute illnesses. Likewise, delayed-type hypersensitivity responses are unreliable in children 
younger than 1 year. Radiologic studies are used primarily in the diagnosis or management of 
associated infections, although the absence of a thymic shadow can be indicative of DiGeorge 
syndrome or SCID. Regardless of the results of initial screening tests, referral to a specialist, 
either immunologist or infectious diseases expert, should be considered for children who 
have signs and symptoms suggestive of immunodefi ciency (Box 64-1).

Treatment
Treatment of primary immunodefi ciency is condition specifi c. Patients with humoral and 
combined immunodefi ciencies may benefi t from the administration of IVIG as replacement 
therapy. Th e initial regimen is 300 to 400 mg/kg every 3 to 4 weeks and should be adjusted 
based on the patient’s response. Th e trough concentration of antibody should be at least 

 Table 64-6 
 Laboratory Examination 

 IMMUNODEFICIENCY   SCREENING TESTS  GENERAL COMMENTS

    Humoral (B cell)     Serum immunoglobulin levels 
(IgG, IgM, IgA)  
    Antibody titers against protein 
(diphtheria, tetanus toxoid) and 
polysaccharide (Haemophilus, 
Pneumococcus  spp )  antigens

 Antibody levels must be interpreted with 
respect to age-appropriate values. High 
or low levels can be signifi cant. Specifi c 
antibody responses must be interpreted 
in the context of vaccine history.

     Cellular (T cell)  Lymphocyte count, anergy 
testing, lymphoproliferative 
assays

    Total lymphocyte count is obtained by 
multiplying total white blood cell count by 
the percentage of lymphocytes  .
Value <1,500 mcL is considered lympho-
penia.
Anergy testing not reliable for children 
<1 yr.

Phagocytic (macro-
phage or neutrophil)

Complete blood count
IgE level
Nitroblue tetrazolium (NBT) 
test, fl ow cytometric respira-
tory burst assay

Abnormal neutrophil structure may be 
present.
IgE level elevated in Job syndrome.

Complement CH50 assay Screening assay for components 
of classic complement pathway.
May not be sensitive for limited 
defi ciencies in individual complement 
components.
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500 mg/dL.10 Replacement IVIG is not indicated for all types of humoral defi ciency. 
Furthermore, patients with IgA defi ciency may develop anaphylaxis to certain brands of 
IVIG that contain small amounts of IgA. Other therapies include bone marrow transplan-
tation (SCID, Wiskott-Aldrich, DiGeorge syndrome), enzyme replacement (certain forms 
of SCID), and cytokine therapy (interleukin-2 defi ciency). Recently, interferon-g treat-
ment has been demonstrated to decrease the number of infections in patients with chronic 
granulomatous disease.11 Th e genetic basis for many of the primary immunodefi ciencies is 
now known, and prenatal screening is increasingly available.

Pending a complete immunologic evaluation, children who are thought to have immu-
nodefi ciency syndromes should not receive live attenuated vaccines, such as varicella and 
measles, to avoid the possibility of vaccine-associated infection. Vaccine recommendations for 
specifi c immunodefi ciencies can be found in the American Academy of Pediatrics Red Book: 
Report of the Committee on Infectious Diseases.12 Blood transfusion, when needed, should be 
with cytomegalovirus-negative, irradiated cells to prevent the possibility of cytomegalovirus 
infection and graft-versus-host disease.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Recurrent Infections (fact sheet), Riley Hospital for Children at Indiana University Health 

(iuhealth.org/riley/pediatric-allergy-and-asthma/recurrent-infections)
• Primary Immunodefi ciency Disease (Web page), American Academy of Allergy, Asthma, 

and Immunology (www.aaaai.org/conditions-and-treatments/primary-immunodefi ciency-
disease.aspx)

Medical Decision Support
• About Primary Immunodefi ciencies (Web page), Th e Immune Defi ciency Foundation 

(primaryimmune.org/about-primary-immunodefi ciencies)
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 Chapter 65

Red Eye/Pink Eye
Judith B. Lavrich, MD; Sebastian Heersink, MD

Red eye in children can be diffi  cult to diagnose and manage because, as a physical fi nding, 
it has many possible causes, variable presentations, and severity ranging from asymptom-
atic to vision threatening. Th e most common causes of a red eye in a child are infectious 
(bacterial, viral, or parasitic); infl ammatory; allergic; traumatic, from a foreign body and 
corneal abrasion; or related to an underlying systemic cause. In general, red eye associated 
with pain, photophobia, or blurry vision indicates a serious ocular disease and should be 
considered for referral.1,2

Th e fi rst step in determining the cause of a child’s red eye is identifying the location of 
the redness and swelling: is it isolated to the eyelid itself, or does it involve the conjunctiva, 
either diff usely, or focally around the cornea (ciliary fl ush, Figure 65-1)? Th e location pro-
vides clues to the underlying problem, which helps direct the history taking and organize 
the diff erential diagnosis. (See Table 65-1.)

 HISTORY
A detailed history should be obtained, with specifi c attention paid to the onset and progres-
sion of the redness, prior episodes of redness, possible trauma or injury, prior ocular surgery, 
use of contact lenses, and personal contact with similarly aff ected individuals. In young 
children, the history of trauma or chemical injury can be diffi  cult to obtain, so this possibility 

Figure 65-1
Ciliary fl ush.
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needs to be considered on examination. Symptoms including itching, pain, photophobia, 
visual disturbance, tearing, mucous discharge, nasal discharge, and fevers should be elicited. 
In cases in which both eyes are aff ected, the sequence and timing of symptom onset are 
important to know: did both eyes become red initially, or was one aff ected before the other?

 PHYSICAL EXAMINATION
If possible, assessing visual acuity should be the fi rst step of any eye examination. In small 
children, the ability to fi xate on and follow a toy is often all that can be gathered about their 
vision. Careful examination of ocular structures with a penlight should be next. Starting with 
the lids, look for redness, crusting, clogged meibomian glands, redness at the lid margin, and 
thickening of the lid margin. Next, moving inward toward the eye, examine the conjunctiva, 
including everting the lids and looking for a foreign body (Figure 65-2). To look under 
the upper lid, place a cotton-tipped swab on the outside of the upper lid 1 cm above the 
lash line and gently evert the lid over the cotton swab. (Th is technique is demonstrated at 
www.nlm.nih.gov/medlineplus/ency/imagepages/19662.htm.) Th en, determine whether the 

Table 65-1
Causes of Red Eye by Location of Redness

Eyelid Preseptal cellulitis

Orbital cellulitis

Eyelid tumors

Allergic dermatitis

Chalazia and hordeola

Blepharitis

Trauma

Conjunctiva Viral

Bacterial

Chemical

Allergic

Vernal

Phlyctenulosis

Subconjunctival hemorrhage

Papilloma

Cornea Abrasion

Corneal infection: bacterial, viral, fungal, or parasitic

Foreign body

Intraocular Iritis, uveitis

Hyphema

Focal infl ammation over involved area Scleritis

Episcleritis

Ocular myositis

http://www.nlm.nih.gov/medlineplus/ency/imagepages/19662.htm
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conjunctival redness is diff use or sectoral. Fine follicles in the conjunctiva overlying the lid 
indicate a viral infection, whereas edema suggests allergic conjunctivitis. Th e cornea should 
then be evaluated for opacities, foreign bodies, and disruption of the light refl ex. Th e use of 
fl uorescein and a cobalt blue light can highlight any corneal abrasions (Figure 65-3). Next, 
examine the pupils: check for size, shape, and reactivity. A mid-dilated pupil would suggest 
iritis. An irregular pupil may suggest trauma and possible intraocular foreign body. Beyond 
the eye, attention should be paid to preauricular lymph nodes (viral conjunctivitis), stiff  or 
tender joints (juvenile idiopathic arthritis, or JIA).

 DIFFERENTIAL DIAGNOSIS AND MANAGEMENT
Eyelid Abnormalities

Preseptal and Orbital Cellulitis
Signs of preseptal cellulitis include tenderness, conjunctival swelling, and redness. As the 
name suggests, preseptal cellulitis (Figure 65-4) occurs anterior to the orbital septum, 

Figure 65-2
Foreign body in the conjunctiva.

Figure 65-3
Corneal abrasion.
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and therefore has no associated double vision, decreased vision, proptosis (eyeball pushed 
forward), limited motility, or pain with eye movement. Th ese signs would indicate a more 
severe condition with orbital involvement. Common causes of preseptal cellulitis in children 
are trauma (laceration, insect bite, or puncture wound) or adjacent infections (sinusitis, 
herpetic dermatitis, infected chalazion, or dacryocystitis—an infected tear drainage duct) 
(Figure 65-5). For patients with mild to moderate preseptal cellulitis, laboratory evaluation 
is not usually needed. For highly febrile patients or severe preseptal cellulitis, a complete 
blood cell count (CBC) and blood culture should be considered. A computed tomography 
(CT) scan with contrast of the orbits and sinuses provides details related to bony structures 
or radiopaque foreign bodies and should be performed in cases of signifi cant trauma or 
suspected foreign body, sinus disease, suspected orbital involvement, or abscess formation. 

Signs of orbital cellulitis may include tenderness, conjunctival swelling and redness, 
double vision, decreased vision, proptosis, limited motility (Figure 65-6), pain with eye 
movement, fever, and in severe cases, pupillary involvement. Th e most common cause of 
orbital cellulitis in children is concomitant sinus disease with penetration through the thin 

Figure 65-4
Preseptal cellulitis.

Figure 65-5
Dacryocystitis.
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bones of the orbital walls; but it can also result from dental infection, hematogenous spread, 
or orbital trauma. In cases of suspected orbital cellulitis, vital signs, mental status, neck 
fl exibility, and facial sensation should be evaluated. Laboratory evaluation should include 
a CBC and blood culture. Computed tomography scanning of the orbits and sinuses with 
and without contrast should be performed to evaluate for foreign bodies, sinus disease, and 
abscess formation. Orbital tumors such as neuroblastoma, rhabdomyosarcoma, and lymph-
angioma can masquerade as orbital cellulitis. For better delineation of soft tissue details, and 
particularly if the physician also suspects an intracranial complication, magnetic resonance 
imaging may be needed. Admission for broad-spectrum intravenous antibiotics and possible 
surgical drainage is mandatory.

Eyelid Tumors 
Capillary hemangiomas (Figure 65-7) and the port wine stain of Sturge-Weber syndrome 
can cause redness and swelling of the lid. In these conditions, which progress slowly over 
months, the visual axis can become obstructed leading to amblyopia—aff ected patients 
should be referred to an ophthalmologist for evaluation.

Figure 65-6
Orbital cellulitis.

Figure 65-7
Capillary hemangioma.
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Allergic Reactions
Contact dermatitis (Figure 65-8), insect bites, or bee stings can mimic preseptal cellulitis 
but can be diff erentiated by the signifi cant itching, limited pain, and boggy rather than 
tense edema. Treatment options include oral antihistamines, topical or oral steroids, and 
cool compresses.

Hordeola and Chalazia
Hordeola, commonly known as styes, and chalazia are localized infl ammatory reactions to 
blocked oil glands (meibomian glands) in the eyelid margin. Th ese lesions have focal areas 
of tense, fi rm, and often painful swelling with visible concretions in the oil glands near the 
areas of swelling (Figure 65-9). Treatment includes hot compresses with light massage and 
an antibiotic ointment (erythromycin, bacitracin) applied to the eyelash margin twice daily. 
If there is no resolution in 4 to 6 weeks, or if there is signifi cant worsening, patients should 
be referred for evaluation of possible surgical drainage.

Figure 65-8
Contact dermatitis.

Figure 65-9
Chalazion.
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Blepharitis
Blepharitis is a common, chronic infl ammation and redness of the eyelid margin with block-
age of the meibomian glands and associated crusting of the lashes. It is treated with lid scrubs 
using nonirritating products such as baby wash or baby shampoo to remove crusting, warm 
soaks to help drain the meibomian glands, and antibiotic ointment to the lids to reduce the 
bacterial load on the skin.

Trauma
Trauma to the eye often leads to edema and ecchymosis of the eyelids, making examina-
tion diffi  cult. Th e lids may be so tense that a lid speculum may be needed to open them, 
if the physician is comfortable using this instrument. If the eyelids cannot be opened 
with eff ort, a retrobulbar hemorrhage should be suspected, and emergent ophthalmologic 
consult should be obtained. Avoid putting any pressure on the eye until it is confi rmed 
that the globe is intact.

Conjunctival Abnormalities
Conjunctival redness can be either focal or diff use, and the diff erential diagnosis includes 
viral or bacterial infection, chemical exposure, an allergic reaction, subconjunctival hemor-
rhage, a viral papilloma, or Kawasaki disease. For an overview of distinguishing characteris-
tics among causes of conjunctivitis, see Table 65-2. Rarely, nondraining conjunctivitis can be 
caused by leptospirosis, tularemia, or toxin-mediated staphylococcal or streptococcal disease.

Table 65-2
Differentiating Types of Conjunctivitis

BACTERIAL VIRAL ALLERGIC
PROBABLE 
REFERRAL

Presentation Unilateral or 
bilateral

Usually unilateral, 
then spreads to other 
eye

Usually bilateral; 
can be unilateral

Season Common in winter Spring or fall Spring or fall

Onset Concurrent with 
otitis media

Concurrent systemic 
viral infection

Acute or chronic

Symptoms Crusting on eye-
lashes
Gluey or sticky 
eyelids � fever

Tearing
Eye irritation � fever

Itching
Swelling of lids
Conjunctival 
edema

Light sensitivity
Pain
Blurred vision

Discharge 
type 

Purulent, thick, 
yellow/green

Serous or mucoid Stringy, whitish, 
ropey, if any

Patient type Younger children
Contact lens wearer

Any age >2 yr Red eye for 
≥2 wk

Examination 
fi ndings 

Papules on 
conjunctiva

Follicles on palpebral 
conjunctiva
Frequent preauricular 
nodes

Conjunctival 
edema and 
injection
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Viral Conjunctivitis
Th e most common cause of conjunctivitis is a viral infection. Viral conjunctivitis is often 
highly contagious. Adenovirus is the most common viral pathogen. Rarely, herpes simplex 
virus (HSV) can cause conjunctivitis, but there are often typical HSV satellite lesions on 
the skin near the eye. Corneal involvement may also occur with HSV and is often accom-
panied by photophobia and more intense pain. (See Herpetic Keratitis.) Spreading through 
the copious watery discharge of an infected individual from eye to hand to eye, viral con-
junctivitis quite commonly aff ects entire households or sports teams. In addition to itching, 
burning, or gritty sensation that typically starts in 1 eye and involves the fellow eye 2 to 
5 days later, patients often complain of watery discharge, rhinorrhea, and sore throat. Patients 
can sometimes recall a recent exposure to a sick contact or someone with a red eye. Th ere is 
often preauricular lymphadenopathy, and the conjunctiva will often have follicles, or bumps 
of lymphoid aggregates best seen with fl uorescein (Figure 65-10). Severe cases sometimes have 
pseudomembranes of fi brin that cause scant bleeding when removed with cotton tips, as well 
as corneal subepithelial infi ltrates, aggregates of immune cells. Th ese signs occur 1 to 2 weeks 
after onset of symptoms and warrant referral to an ophthalmologist. Treatment is supportive, 
with a focus on minimizing contagion. Patients and parents should be instructed to wash their 
hands often and not share towels or bed linens. In the absence of systemic signs of illness such 
as fever, children with conjunctivitis should not be removed from school unless they are unable 
to participate in activities, the care of their classmates would be compromised by their need for 
special attention, or their exclusion has been recommended by a physician or department of 
health. In group care settings, if 2 or more children are infected with conjunctivitis at the same 
time, it is appropriate to seek the advice of a health care provider or department of health.3,4

For nonspecifi c viral conjunctivitis or adenovirus, chilled preservative-free artifi cial 
tears 4 to 8 times a day and cool compresses several times a day are recommended for 
symptomatic relief. Currently, topical ganciclovir ophthalmic gel is being used off -label to 
treat adenoviral infections, as recent small case studies have shown its eff ectiveness. HSV 
conjunctivitis should be referred to an ophthalmologist for a more complete examination 
and antiviral therapy because it can be a vision-threatening infection.

Figure 65-10
Viral conjunctivitis.
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Bacterial Conjunctivitis
Compared with viral conjunctivitis, bacterial conjunctivitis is less common and often has 
a purulent rather than a watery discharge (Figure 65-11) and less of a follicular reaction. 
Cultures are not routinely performed. Common bacteria include Staphylococcus aureus, 
Staphylococcus epidermidis, Streptococcus pneumoniae, and Haemophilus infl uenzae. Topical 
antibiotic treatment is often successful, either with drops (trimethoprim-polymyxin B, 
moxifloxacin, or gentamicin 4 times a day for 7 to 10 days), or with an ointment 
(bacitracin-polymyxin B or erythromycin 4 times a day for 5 to 7 days). A fl uoroquinolone 
gel (besifl oxacin) is also approved for use, twice daily for 7 days.

In neonates with conjunctivitis, bacterial infection must be ruled out. With a hyperacute 
onset and copious discharge, gonococcus should be the fi rst consideration because it can 
perforate a healthy cornea within 24 hours. Gonorrheal infection usually manifests 3 to 
4 days after birth. Chlamydial infection can cause pneumonia as well as conjunctivitis and 
usually occurs within the fi rst month of life. Cultures should be taken with special media. 
Presumptive treatment pending culture results involves intravenous ceftriaxone for Neisseria 
gonorrhoeae and oral erythromycin for chlamydia. Erythromycin has been associated with 
infantile hypertrophic pyloric stenosis (IHPS) when administered to infants younger than 
6 weeks. Because the risk for IHPS after azithromycin has not been established and at least 
some evidence suggests it may be lower, some physicians prefer it in place of erythromycin, 
which the American Academy of Pediatrics continues to recommend. An ophthalmology 
consultation should be considered.

Of note, nasolacrimal duct obstruction, like bacterial conjunctivitis, can produce muco-
purulent drainage, but the conjunctiva typically remains white and noninfl amed. Pressure 
over the nasolacrimal sac, inferior to the medial canthus, will cause refl ux of watery mucoid 
discharge.

In teenagers, bacterial conjunctivitis can represent a sexually transmitted disease, either 
gonorrhea or chlamydia. Gonorrhea typically produces hyperacute conjunctivitis with 
copious purulent discharge. Cultures should be taken, and the patient and sexual partners 
should be treated systemically for gonorrhea, usually with ceftriaxone. Chlamydia usually 

Figure 65-11
Bacterial conjunctivitis.
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causes a chronic conjunctivitis with scant discharge and beefy infl amed conjunctiva. It 
should be suspected when topical antibiotics fail to improve a bacterial conjunctivitis. 
Treatment of patient and contacts is with oral azithromycin or doxycycline; however, the 
latter should be avoided in children younger than 8 years because of potential permanent 
staining of teeth.

Chemical Conjunctivitis
Exposure to a chemical irritant can produce rapid conjunctival infl ammation. For chil-
dren who have gotten a household chemical into an eye, the most important treatment 
is immediate and copious irrigation with the nearest source of water. When the child is 
brought to medical attention, the pH of the conjunctival surface should be checked (basic 
solutions penetrate deeper and cause more damage than acids), and irrigation should 
not be discontinued until the pH remains 7.0 for several minutes after an interruption. 
If there are areas of white clear conjunctiva or corneal clouding, which suggest necrosis, 
the child should be urgently referred to an ophthalmologist for aggressive treatment. In 
most cases, however, artifi cial tears and topical antibiotic eyedrops are suffi  cient.

Allergic Conjunctivitis
Allergic conjunctivitis may be acute or chronic, but it is almost always associated with itch-
ing. Discharge may be clear, with some mucus, or stringy and white. Conjunctival edema 
with associated redness may appear as an intensely swollen eye (Figure 65-12). Treatment 
of allergic conjunctivitis includes cool compresses, topical antihistamines and mast cell 
stabilizers, oral antihistamines, topical steroids, and rarely oral steroids.

Vernal conjunctivitis is a subset of allergic conjunctivitis that occurs most often in the 
springtime every year in young boys with a family history of allergies. On examination, there 
is often a ring of swollen, gelatinous conjunctiva with or without whitish-yellow deposits, 
and papillae are common on the tarsal conjunctiva (Figure 65-13).

Figure 65-12
Allergic conjunctivitis.
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Phlyctenulosis, another subset of allergic conjunctivitis, is a delayed hypersensitivity 
reaction that is often bilateral and results in a white, raised lesion on either the conjunctiva 
or peripheral cornea, with dilated blood vessels at its borders (Figure 65-14). Th e most 
common precipitant is exposure to staphylococci, but it can also be associated with tubercu-
losis or histoplasmosis, so in cases without signs of blepharitis, a test for tuberculosis and a 
chest radiograph are warranted. Treatment is the same as for blepharitis, with the addition of 
interventions to treat the allergic component. Patients with signifi cant irritation may require 
topical steroids and should be referred.

Subconjunctival Hemorrhage
Subconjunctival hemorrhage is easily diagnosed by its often strikingly large patch of bright 
red on an otherwise white conjunctiva, usually in an asymptomatic patient (Figure 65-15). 

Figure 65-14
Phlyctenule.

Figure 65-13
Vernal conjunctivitis.
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It can occur after a vaginal delivery, with Valsalva maneuver, with use of antiplatelet medica-
tions, from a severe cough as with pertussis, or from trauma. Nonaccidental trauma should 
be considered in atypical cases. When there are recurrent subconjunctival hemorrhages, 
a bleeding disorder or blood dyscrasia should be considered. No treatment is needed for a 
subconjunctival hemorrhage, which will resolve over 2 to 3 weeks. It is worth counseling 
patients and parents that, as with most ecchymoses, the lesion may expand slightly and 
change colors as it resolves.

Conjunctival Papilloma 
Commonly a benign, self-limited lesion caused by human papillomavirus 6 or 11, a con-
junctival papilloma is a fl eshy nodule with a sunburst vascular pattern (Figure 65-16). For 
large, multiple, recurrent, or cosmetically disturbing lesions, treatment options include 
cryotherapy, surgical excision, and oral cimetidine.5

Figure 65-15
Subconjunctival hemorrhage.

Figure 65-16
Conjunctival papilloma.
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Kawasaki Disease
Th e bilateral nonexudative conjunctivitis of Kawasaki disease, an acute vasculitis, is associ-
ated with fever, mucosal erythema, rash, cervical lymphadenopathy, and the potential for 
coronary artery aneurysms. Th e conjunctivitis is usually self-limited and can be treated with 
artifi cial tears.6

Corneal Abnormalities 

Corneal Abrasion/Foreign Body
Corneal abrasions classically have a very painful presentation, and the patient will complain 
of a foreign body sensation, tearing, and often photophobia. Patients often recall a sudden 
onset after being hit or scratched in the eye. Examination is often diffi  cult, but instillation 
of anesthetic drops, such as proparacaine 0.5%, facilitates examination. Th e corneal abrasion 
is easily identifi ed with a Wood lamp and fl uorescein. In patients with a corneal abrasion, a 
foreign body should be suspected, and the undersurface of the eyelids should be examined. 
A corneal foreign body (Figure 65-17) can be removed with a moist cotton-tipped applicator 
if superfi cial, but deeper ones should be referred to an ophthalmologist.

Corneal Ulcer 
Bacterial, fungal, viral, or parasitic organisms can cause ulceration, a sight-threatening con-
dition that requires urgent ophthalmologic evaluation if there is corneal opacity, decreased 
vision, or ocular pain (Figure 65-18). Because contact lenses are a signifi cant cause of corneal 
infections, an ophthalmologist should evaluate patients who develop a red eye and wear 
contact lenses.

Herpetic Keratitis
Both HSV and varicella-zoster virus (VZV) can infect the eye. Whereas VZV typically 
spreads to the eye from the face or eyelid, HSV can infect the cornea directly. Examination 
of the cornea with fl uorescein reveals a dendritic branching epithelial defect (Figure 65-19). 

Figure 65-17
Corneal foreign body.
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If herpes is suspected, an ophthalmologic evaluation is urgently warranted to evaluate for 
intraocular involvement and intraocular pressure elevation. Treatment of both HSV and 
VZV involves either oral antivirals (acyclovir, valacyclovir) or topical antiviral eyedrops 
(trifl uridine) or gel (gancyclovir).7 If patients with a history of herpetic keratitis develop red 
eye, they should be seen by an ophthalmologist because recurrence is common. Corneal 
HSV disease often causes corneal scarring, which can be sight threatening.

Intraocular Abnormalities 
Corneal and ciliary fl ush (Figure 65-1) is a violaceous, extreme engorgement of vessels at the 
corneal limbus that indicates involvement of deeper ocular structures. A patient with this 

Figure 65-18
Corneal ulcer.

Figure 65-19
Herpetic keratitis.
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fi nding should always be referred to an ophthalmologist. Th e diff erential diagnosis includes 
corneal infection, iritis, uveitis, and hyphema.

Iritis/Uveitis
Iritis and uveitis are infl ammatory disorders within the eye often associated with sarcoid-
osis, HSV, syphilis, tuberculosis, lupus, or autoimmune arthritides—including JIA and the 
HLA-B27–positive spondyloarthropathies. Aff ected patients complain of photophobia, pain, 
and blurred vision and usually have ciliary fl ush and a mid-dilated pupil. In patients with a 
fi rst episode of unilateral iritis, no workup is indicated because it will have an unidentifi ed 
cause. However, in the case of recurrent or bilateral disease, or if the medical history sug-
gests a systemic disorder, an underlying cause should be sought and treated. Th e laboratory 
workup includes antinuclear antibody, erythrocyte sedimentation rate, serum uric acid level, 
antineutrophil cytoplasmic antibody, rapid plasma reagin, and fl uorescent trepenmal anti-
body absorption. In children with JIA, frequent screening for uveitis is critical because the 
infl ammation is commonly asymptomatic with few external fi ndings and if left untreated 
can lead to blindness.8 Young patients with pauciarticular JIA should be evaluated every 
3 months for 7 years. Treatment includes topical and/or oral steroids to control the disease 
and cycloplegia to prevent iris adhesions and reduce photophobia. In the event of long-term 
steroid use, intraocular pressure should be monitored.

Hyphema
A hyphema is blood collected in the anterior chamber of the eye, which is located behind 
the cornea and in front of the lens (Figure 65-20). In children it is almost exclusively 
a result of trauma, but in the absence of trauma, tumors and coagulopathies should 
be suspected. Aff ected patients should be referred to an ophthalmologist because treat-
ment includes monitoring of intraocular pressure, cycloplegia to prevent iris movement 
and adhesions, topical steroids to decrease infl ammation, and reduced patient activity to 
prevent a rebleed.

Figure 65-20
Hyphema.
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Other Infl ammatory Conditions
Scleritis, episcleritis, and ocular myositis are rare infl ammatory conditions that cause a 
focal conjunctival redness. Episcleritis and scleritis can be distinguished because episcleritis 
has minimal discomfort, in sharp contrast to the severe pain of scleritis. Th e infl ammation 
of myositis is seen overlying the aff ected extraocular muscle, and often patients develop a 
head tilt to avoid using the sore muscle. Th e workup for these conditions is the same as for 
recurrent iritis. Treatment of episcleritis includes oral nonsteroidal anti-infl ammatory drugs 
(NSAIDs, eg, ibuprofen) alone or accompanied by topical steroids. For scleritis and ocular 
myositis, ophthalmologic consultation should be obtained: treatment typically begins with 
NSAIDs; but if there is no improvement, systemic steroids with possible steroid-sparing 
immunosuppressive agents should be used.

In conclusion, the pediatrician can successfully perform the diagnosis and management 
of the red eye in children when attention is paid to the history, location of redness, and 
ocular structures involved. Accurate diagnosis allows for appropriate treatment and the 
proper timing of referrals. 
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 Chapter 66

School Absenteeism and 
School Refusal

Ronald V. Marino, DO, MPH

A major developmental task of childhood is separating from the family and accepting the 
functional demands of society. One of the most obvious indicators that this process may not 
be proceeding normally is lack of attendance at school. Assessing a child’s school attendance 
and functioning in the context of biopsychosocial health supervision is the responsibility of 
child health professionals.

Nonattendance may be the consequence of a variety of underlying causes. Absenteeism is 
generally considered to be parentally sanctioned nonattendance, most commonly attributed 
to medical illness. Truancy is nonattendance without parental consent, in which the time 
allegedly spent at school is often spent engaging in antisocial behaviors or rebelling against 
authority. School refusal is characterized by inappropriate fear about leaving home, inap-
propriate fear of school, or both.

 ABSENTEEISM
Excessive absenteeism is important to health care professionals because it is an excellent 
marker for both physical and mental health problems (Box 66-1). It also is negatively 
correlated with social adjustment and academic performance. In fact, excessive absenteeism 
and failure to read at the appropriate level in the third grade are the 2 strongest predictors of 
subsequent dropping out of school. According to the National Center for Education Statistics 
for 2005, 19% of fourth-graders and 20% of eighth-graders missed at least 3 days of school 
in the past month. More specifi cally, 7% of fourth-graders and 7% of eighth-graders missed 
at least 5 days of school in the past month. National surveys indicate that healthy children 
average 4 or 5 absences a school year, whereas children who have a chronic disease typically 
are absent at least twice as often.1,2 Educators think that missing more than 10 days in a 
90-day semester results in diffi  culty staying at grade level.3

Acute physical health problems are given as the reason for nonattendance 75% of the 
time. However, the variability in absenteeism among children who have the same medical 
condition suggests that individual and family responses to the physical condition are more 
important than the actual condition in determining attendance.3 Th e decision not to attend 
school refl ects subtle and complex relationships among the physical, social, and psychological 
states of the student, family, and community. Individual rates of absenteeism tend to be stable 
for a given child and also for a given school district.
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Th e health conditions most commonly associated with nonattendance include upper 
respiratory tract infections, headaches, abdominal distress, menstrual cramps, and sleep 
disorders.3,4 Parental characteristics associated with excessive absenteeism include lower 
socioeconomic class, cigarette smoking, chronic parental illness (including mental illness), 
lower educational expectations, and vulnerable child syndrome.5–7 A plethora of nonmedi-
cal conditions, including transportation diffi  culties, illness of other family members, reli-
gious holidays, family vacations, inclement weather, and professional appointments, are 
also reasons children miss school. Chronically ill children typically miss more school than 
their healthy peers. Th is tendency may result from a wide variety of causes, including acute 
exacerbations of the underlying condition, health care visits, side eff ects of medications, and 
parental misconceptions about the child’s ability to attend school. Healthy adjustment by 
the child and family to the chronic condition minimizes the potential eff ect of the increase 
in school days missed. A signifi cant increase in absenteeism over baseline is always a warning 
sign. Exploring the reasons why a particular child seeks to avoid school is the physician’s 
responsibility. Sudden changes in school attendance may be the fi rst concrete symptom of 
family dysfunction, mental illness, physical deterioration of the student or a family member, 
alcohol or drug abuse, or school refusal.

 SCHOOL REFUSAL
Diffi  culties attending school despite caretakers’ support have been a problem for children, 
families, schools, and physicians since the early 20th century. Initial views of school refusal 
focused on truancy and its link to delinquency. In 1932, Broadwin focused attention on 
the frequent role of anxiety in attendance diffi  culties, and, in 1939, Patridge8 labeled this 
clinical condition psychoneurotic truancy. Johnson et al9 introduced the term school phobia 
in 1941, stressing that the child’s anxiety about separating from mother was displaced to 
fear of attending school. Th is view was strengthened further in the 1950s, when Estes et al10 
concluded that school phobia was a variant of separation anxiety.

Th is view and nomenclature persisted until the late 1970s, when the term school refusal 
was introduced. Th e term has descriptive merits that recognize the heterogeneity of the 
underlying disorders. Th ese disorders include, but are not limited to, major depression, 
simple and social phobia, or separation anxiety disorder. Criteria for making this diagnosis 
include severe diffi  culty in attending school or refusal to attend school, severe emotional 

Box 66-1

Chronic School Absence: Diff erential Diagnosis
• School refusal
• Parental overresponse to minor illnesses
• Chronic physical disease with poor

adaptation
• Learning disability with poor adaptation
• Untreated mental health issues (eg, anxiety,

depression)

• Bullying
• Truancy
• Substance abuse
• Psychosis
• Teenage pregnancy
• Family dysfunction (including violence

and abuse)
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upset when attempting to go to school, absence of signifi cant antisocial disorders, and stay-
ing at home with the parent’s knowledge.

A variety of physical symptoms often accompany the child’s request to not attend school. 
Symptoms can be quite impressive to parents and may emulate organic medical problems.

Prevalence
Th e prevalence of school refusal varies widely and has been estimated to be between 0.4% 
and 18%.11–13 Th e incidence of school refusal has 2 peaks—the fi rst is associated with enter-
ing primary school (4–6 years), and the second is at the age of 11 to 12 years, a time of 
change from elementary to intermediate school, as well as the onset of early adolescence. 
Th e American Academy of Pediatrics estimates that 5% of elementary school children and 
2% of junior high students experience this disorder. Th e symptoms of school refusal are 
associated with several psychiatric disorders. In an outpatient sample of referred children, 
22% had separation anxiety disorder, 11% had generalized anxiety disorder, 8% had oppo-
sitional defi ant disorder, and 5% had major depressive disorder. Of note is that 20% to 30% 
of school-refusing children do not qualify for any specifi c psychiatric diagnosis.11,14

Child-Related Factors
Children who have school refusal usually have at least average intelligence and academic 
achievement. Cultural norms encourage girls to admit fear and discourage boys from doing 
the same. Th e actual incidence of school refusal is nearly identical between the sexes.12 
Younger children report more fear of being scolded or of performing before a group, whereas 
older children seem to be more intimidated by tests and the possibility of failure. Vague 
somatic symptoms, typically off ered as a rationale for nonattendance, may belie the under-
lying anxiety that is frequently present. Symptoms may amplify in response to parental 
pressure to attend and/or excel in school. Overdependency or concern about the well-being 
of a parent is also a common underlying dynamic. Serious or chronic illness in the parent 
may lead to school refusal. Depression has often been noted, as have panic disorder and 
agoraphobia. Because there are reports of suicide among school refusers, any reference to 
this possibility must be addressed seriously.

Family Factors
Th e family context is always a major factor because marital confl ict or constricted com-
munication patterns are often found in families with school refusers. Th e child’s pres-
ence at home as a result of physical illness may provide a cohesive force to an otherwise 
unstable marital relationship. Families of youths with school refusal behavior are often 
marked by poverty, poor cohesion and considerable confl ict, enmeshment, isolation and 
detachment.15,16 

Common patterns of communication in families in which school refusal occurs have been 
described:18 Both parents are overly concerned and solicitous of the child’s medical problem; 
1 parent, typically the mother, is overprotective and concerned, whereas the other overtly 
disagrees; and 1 parent, typically the mother, is overinvolved in caring for the child’s every 
need, whereas the other parent is emotionally absent. Because children are reared in many 
diverse family situations, physicians must remain open and attentive to family structure and 
dynamics in order to develop an eff ective treatment plan.19
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School Environment Factors
Th e role of the school environment in school refusal has received little attention. Institutional 
factors such as changing classrooms or lack of privacy in the school bathroom have been 
associated with fear of school. Th e physical environment may include uncomfortable tem-
peratures, mold, or allergens, which predispose to illness or student discomfort. Humiliation 
caused by an insensitive teacher may also be a precipitating stressor in the onset of clinical 
symptoms. Temperamental mismatch among teacher, student, and parents may serve a 
maintaining role.

Bullying and social humiliation are increasing in frequency and victims often develop 
somatic symptoms as a coping mechanism.20 Th e increased use of social media has cre-
ated a new and potentially dangerous phenomenon in cyber bullying. Cyber bullying 
is defi ned as willful and repeated harm infl icted through the use of computers, cell 
phones, and other electronic devices. More than 20% of 4,400 randomly selected 11- to 
18-year-olds indicated they had been subjected to cyber bullying at some point in their 
lives.21 In 2005, 24% of students aged 12 to 18 years reported gangs at their schools; this 
was more common among urban (36%) than suburban (21%) or rural (16%) schools. 
In addition, 28% of students aged 12 to 18 years were reportedly bullied at school in 
the past 6 months. Most said bullying occurred 1 to 2 times in 6 months, but 25% 
were bullied 1 to 2 times per month, 11% were bullied 1 to 2 times per week, and 8% 
were reportedly bullied almost daily.22 Both traditional and cyber bullying have been 
implicated as sources of severe emotional distress among victims, even leading to sui-
cide. Violence in secondary schools provides children a seemingly appropriate reason for 
refusing to attend school. Twenty-six percent of junior and senior high school students 
have been assaulted on school grounds, 20% of students admitted bringing a knife or 
gun to school, and 10% admitted not going to school because of fear of violence.13,23 
Media attention to school violence may further accelerates a child’s anxiety and school 
refusal. Clearly, school-associated stressors are emerging as a concern in understanding 
and treating school refusal.

Associated Stressors
While exploring factors related to the child, parent, family, and school environment, the 
physician must also search for a precipitating event or stress that may have tipped the bal-
ance in causing a child to refuse to attend school. Illness or injury of a family member or of 
the child may be the initial reason for nonattendance. Similarly, the death of a relative or 
close friend may precipitate the refusal. Moving to a new home, community, or school also 
may contribute to refusal. Th e longer a child has been out of school, the more diffi  cult and 
stressful returning can become.

Clinical Management
In 1958, Eisenberg24 stated, “[I]t is essential that the paralyzing force of the school phobia 
on the child’s whole life be recognized. Th e symptom itself serves to isolate him from 
normal experience and makes further psychological growth almost impossible. If we do 
no more than check this central symptom, we have nonetheless done a great deal.” Th e 
foundations of any clinical treatment plan are rapport, trust, and respect. Th e initial 
interview should serve not only as a means of gathering data, but also as the start of a 
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therapeutic alliance. Physicians should use a sensitive, holistic approach to data gathering, 
because the history-taking technique provides the fi rst opportunity for creating a healing 
rapport. Factors related to the child, parents, family, and school environment must be 
investigated when exploring school maladaptation. An open mind that recognizes the 
unique and complex interactions of temperament, stressful life events, family systems 
function, learning style, parental medical or psychiatric conditions, and school system 
variables will be helpful in solving this problem. Th e child must understand that involv-
ing a physician in treatment refl ects the seriousness of the symptoms and marks a turning 
point in changing the avoidant behavior.

Organic disease should be ruled out through a thorough history and physical examination, 
coupled with judicious laboratory evaluation. Time spent in conducting a thorough medical 
examination communicates the physician’s sincere acceptance of the child’s symptoms as 
being real. Parents are better able to confront the lack of organic disease when a physician 
who is completely familiar with the child’s history and physical examination discusses the 
subject with them. A biopsychosocial approach from the outset also aids family acceptance of 
psychiatric concerns. Th e laboratory should be used in a symptom-specifi c, noninvasive, cost-
eff ective manner consistent with ruling out possible organic disease. Additionally, addressing 
the potential contributions of parental disorders or specifi c environmental problems will be 
helpful in formulating a treatment plan.

Th e parents, physician, and school personnel must all agree that returning to school 
as quickly as possible is the immediate goal of treatment. Allowing the child to stay home 
while awaiting laboratory data results or using home tutors only delays the inevitable and 
makes the return to school more diffi  cult. A specifi c plan must be developed to respond to 
clinical symptoms. Objective criteria for school absence, such as a measured fever, should 
be consistently used in modifying performance expectations, both at home and in school. 
Parents in doubt should seek the guidance of the child’s physician regarding the signifi cance 
of acute symptoms before keeping the child home. In addition, the signifi cant attachment 
fi gures in the child’s life must make it clear they will adhere to the therapeutic program con-
sistently and persistently. In most cases of school refusal, especially in the elementary years, 
the aforementioned program, carried out by the primary care pediatrician, is curative. Other 
treatment modalities, typically used by a mental health professional, include desensitization, 
psychotherapy, hypnotherapy, cognitive restructuring, and behavior modifi cation. A variety 
of psychopharmacologic agents have been used to manage anxiety- or depression-based school 
refusal. selective serotonin reuptake inhibitors (SSRIs) predominate the scant literature and 
have been found to be useful in some individuals.13 Concerns about a possible relationship 
between SSRIs and risk of suicide in children and adolescents have reduced the number of 
primary care physicians willing to prescribe these medications. Children who are recalcitrant 
to behavioral interventions may require referral to a mental health specialist. Suggested 
criteria for mental health referral are listed in Box 66-2.

Mental health professionals typically employ cognitive behavioral therapy with or without 
SSRIs.25–27 Severe cases may require inpatient treatment.28

Prognosis
Most children who refuse to attend school quickly overcome the diffi  culty with appro-
priate clinical management. Intermittent relapses associated with stress or new separation 



Signs and Symptoms in Pediatrics780

experiences, such as camp or sleepovers, occur in approximately 5% of children. Children 
who require psychiatric management do not fare as well.23 Most published series in the psy-
chiatric literature reveal signifi cant cohorts of patients requiring ongoing therapy and having 
persistent diffi  culties in emancipating themselves from their family.24,29 Phobias, depression, 
and anxiety are more common in adults who have a history of childhood school refusal.30 
Table 66-1 lists long-term sequelae in children with school refusal.31

Prevention
Anticipatory guidance is an excellent means of primary prevention, and allows the primary 
care physician to advise parents on developmentally appropriate separation guidelines. For 
example, by the time an infant is 6 months of age, the parents should be able to spend some 
evenings out alone. By 1 year of age, peer contact should be encouraged. Toddlers should 
experience babysitters while awake. By age 3 years, the child should experience being away 
from home without a parent, such as in a playgroup or at a neighbor’s home. Age 4 years is 
a good time to consider preschool for the child. Such guidance can be shared in the context 
of routine health supervision. Parents should also be discouraged from keeping children 
home because of minor illness, and physicians must avoid unnecessary medical restrictions.

Table 66-1
Long-term Sequelae in Children With School Refusal

OUTCOME PREVALENCE

Interrupted compulsory school 18%

Did not complete high school 45%

Adult psychiatric outpatient care 43%

Adult psychiatric inpatient care 6%

Criminal offense 6%

Still living with parents after 20-year follow-up 14%

Married at 20-year follow-up 41%

From Fremont WD. School refusal in children and adolescents. Am Fam Physician. 2003;68(8):
1555–1560. Data from Bernstein GA, Hektner JM, Borchardt CM, McMillan MH. Treatment of school 
refusal: one-year follow-up. J Am Acad Child Adolesc Psychiatry. 2001;40(2):206–213; Flakierska-Praquin 
N, Lindström M, Gillberg C. School phobia with separation anxiety disorder: a comparative 20- to 
29-year follow-up study of 35 school refusers. Compr Psychiatry. 1997;38(1):17–22.

Box 66-2

Criteria for Mental Health Referral
• Unresponsive to management
• Out of school for 2 months
• Onset in adolescence
• Psychosis

• Depression
• Panic reactions
• Parental inability to cooperate with

treatment plan
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Preventing vulnerable child syndrome is also important when caring for ill children. Th is 
disorder arises when parents think that their child’s life has been threatened signifi cantly, 
and it results in separation diffi  culties, overprotection, bodily concerns, and underachieve-
ment in school.7 Parents need to be informed about the true signifi cance and prognosis of 
any medical diffi  culty the child has experienced. Physicians have a responsibility to avoid 
creating iatrogenic misconceptions about a child’s health. Th ey can accomplish this task by 
using everyday language as much as possible, rather than medical jargon, and by demystifying 
anxiety associated with insignifi cant fi ndings, such as a functional murmur. Parents need to 
be reassured that children who have recovered fully from an acute illness are at no increased 
risk for future illness. By inquiring about children’s school attendance and promoting healthy 
parenting styles, primary care physicians can help prevent school refusal.

 TRUANCY AND DROPPING OUT
Truancy is a good predictor of dropping out at a later date. Many schools in inner cities 
report daily absence rates above 20%, with most of this thought to be the result of truancy; 
an equal or greater percentage of inner-city school children never fi nish high school. Truancy 
is a serious social problem that can have lifelong consequences. Unemployment or underem-
ployment, criminal behavior, marital problems, and chronic social maladjustment are often 
seen in children with truancy or children who drop out. Th ese same long-term outcomes 
have been identifi ed in groups of children who have learning disabilities. One risk factor for 
truancy is learning disability and its associated school failure.

Truancy also has been noted among children who have a history of having been sexually 
abused. Other risk factors are low socioeconomic status, conduct disorder, gang membership, 
substance abuse, cigarette smoking, and family discord. Early recognition of children at risk 
should prompt immediate intervention to promote optimal adjustment. Mobilization of 
resources in the school, community, and family is critical to help prevent progression from 
truancy to dropping out. Creative programs to foster school attendance and success have 
been conducted with variable results. An emerging new truancy variant is the child who goes 
to school or its immediate environment but does not attend class. Th is child is participat-
ing in the social aspects of the school community but is shunning the academics. Medical 
physicians can assume an advocacy role in guiding and supporting therapeutic interventions 
in the educational and social welfare arenas.

 CONCLUSION
Absenteeism is a symptom that has multiple causes. Because success in school is often the 
foundation for continuing success in life, health care professionals must devote thought-
ful attention to understanding and treating absentees. Using a biopsychosocial model and 
mobilizing multidisciplinary resources are the keys to clinical success.

TOOLS FOR PRACTICE
Medical Decision Support
• AAP Council on School Health (Web page), American Academy of Pediatrics (www.

schoolhealth.org)
• Adolescent and School Health (Web page), Centers for Disease Control and Prevention 

(www.cdc.gov/HealthyYouth)

http://www.schoolhealth.org
http://www.schoolhealth.org
http://www.cdc.gov/HealthyYouth
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• Managing Infectious Diseases in Child Care and Schools (book), American Academy of 
Pediatrics (shop.aap.org)

• School Health: Policy & Practice, 6th ed (book), American Academy of Pediatrics 
(shop.aap.org)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Child Abuse and Neglect and Section on Adoption and Foster 
Care; American Academy of Child and Adolescent Psychiatry; National Center for Child Traumatic Stress. 
Understanding the behavioral and emotional consequences of child abuse. Pediatrics. 2008;122(3):667–673. 
Reaffi  rmed August 2012 (pediatrics.aappublications.org/content/122/3/667)

Th ackeray JD, Hibbard R, Dowd MD; American Academy of Pediatrics Committee on Child Abuse and 
Neglect, Committee on Injury, Violence, and Poison Prevention. Intimate partner violence: the role of the 
pediatrician. Pediatrics. 2010;125(5):1094–1100. Reaffi  rmed January 2014 (pediatrics.aappublications.org/
content/125/5/1094)

Jenny C, Crawford-Jakubiak JE; American Academy of Pediatrics Committee on Child Abuse and Neglect. 
Th e evaluation of children in the primary care setting when sexual abuse is suspected. Pediatrics. 2013;132(2):
e558–e567 (pediatrics.aappublications.org/content/132/2/e558)

Kellogg ND; American Academy of Pediatrics Committee on Child Abuse and Neglect. Evaluation of suspected 
child physical abuse. Pediatrics. 2007;119(6):1232–1241. Reaffi  rmed May 2012 (pediatrics.aappublications.org/
content/119/6/1232) 

American Academy of Pediatrics Committee on School Health. Home, hospital, and other non–school-based instruction 
for children and adolescents who are medically unable to attend school. Pediatrics. 2000;106:1154–1155 (pediatrics.
aappublications.org/content/106/5/1154)

American Academy of Pediatrics Committee on School Health. Out-of-school suspension and expulsion. 
Pediatrics. 2003;112:1206–1208. Reaffi  rmed May 2008 (pediatrics.aappublications.org/content/112/5/1206)

Taras H, Duncan P, Luckenbill D, et al, eds. Health, Mental Health, and Safety Guidelines for Schools. Elk 
Grove Village, IL: American Academy of Pediatrics; 2004. AAP endorsed
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Chapter 67

Scrotal Swelling and Pain
Lane S. Palmer, MD

Scrotal swelling can be particularly frightening for boys and their families, and because 
the diff erential diagnosis includes conditions that demand emergent treatment, it poses 
a challenge to pediatricians. A helpful organizing strategy during evaluation is to classify 
the scrotal swelling as either painful or painless and as acute or chronic (Box 67-1). Rapid 
and accurate evaluation of a boy with scrotal swelling depends on a thorough history and 
a physical examination of the genital area and abdomen that includes both inspection 
and palpation. Laboratory tests may be helpful but are not usually decisive, whereas imaging 
studies can be helpful in confi rming a diagnosis and guiding management.

 EVALUATION OF THE CHILD WITH SCROTAL SWELLING
Th e history should be taken from both the child (when possible) and the parent. Th e physi-
cian must determine whether the swelling or pain is a single event or recurrent and whether 
it is acute or chronic. Th e exact timing of the onset of symptoms is vital, particularly in 
the presence of acute pain and swelling. Th e nature of the pain must be determined: sharp, 
dull, constant, intermittent, constant with intermittent increases in intensity, or associated 
with nausea or vomiting. Th e location of the pain needs to be ascertained (ie, in the scro-
tum, specifi cally the testis; radiation into the abdomen or from the abdomen into the 
scrotum; laterality of the swelling and pain). Associated factors such as activity or positions 
that alleviate or aggravate the pain and swelling should be elicited. Th e nature of the swell-
ing is important: specifi cally, whether the swelling changes in size during the course of a 
single day or whether it is constant or, in general, increasing or decreasing with time. Other 
important considerations include recent trauma, sexual activity, use of medications, the 
presence of rashes, weight loss, and nausea and vomiting.

Th e physical examination should include the abdomen, groin, and scrotum. Palpation 
of the abdomen and groin is important in determining whether an intraabdominal process 
is extending into the scrotum. Inspection of the scrotum should look for laterality of the 
process, scrotal erythema, and orientation of the testis, whereas palpation will determine 
the presence and symmetry of cremasteric refl exes, testicular position, tenderness, local-
ization of the swelling to the intrascrotal contents, or the presence of proximal extension 
into the cord.

In general, laboratory tests are of limited value. Th e white blood cell count may be 
elevated in the setting of infection. Urinalysis may be helpful in distinguishing orchitis 
from torsion of the spermatic cord or testicular appendage when white blood cells or 
nitrites are present.
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Imaging studies can be useful in diff erentiating among possible diagnoses. Ultrasound 
of the scrotum can be used to determine whether the scrotal swelling is fl uid fi lled or solid, 
arising from the abdomen extending into the groin, limited to the scrotum, or arising from 
the testis or spermatic cord structures. Ultrasound with Doppler can assess the fl ow of blood 
into the testis, helping to diff erentiate torsion of the testis from an infl ammatory process. 
Nuclear scintigraphy using technetium-99m pertechnetate is another way to evaluate blood 
fl ow to the testis; absence of fl ow results in a cold spot and suggests torsion, whereas infl am-
mation results in increased fl ow to the same area. Nuclear scanning is less limited by the user 
variability associated with ultrasound and does not require placing a probe over a tender area. 
However, the study uses ionizing radiation and takes longer to perform than ultrasound, 
thus limiting its utility when time is of the essence. Th e sensitivity and specifi city of the 
2 modalities are similar.

 ACUTE SCROTAL SWELLING WITH PAIN
Th e sudden onset of scrotal swelling and pain can be a surgical emergency and therefore 
warrants urgent evaluation and management. Th e primary clinical entities that consti-
tute this constellation of signs and symptoms include torsion of the testicle, torsion of 
the testicular appendages, and epididymitis-orchitis (Figure 67-1).

Torsion of the Testicle
Testicular torsion is the twisting of the spermatic cord, with resulting compromise of the 
blood supply to the testis. Th is compromise and the risk it poses for testicular loss makes 
torsion a surgical emergency. In the neonate, the torsion occurs on the cord above the 
insertion of the tunica vaginalis (ie, extravaginal torsion). In the adolescent, the bell clap-
per deformity leads to torsion on the cord within the confi nes of the tunica vaginalis (ie, 
intravaginal torsion). Torsion of the spermatic cord fi rst causes venous congestion, which 

Box 67-1

Causes of Scrotal Swelling
ACUTE, PAINFUL SCROTAL 
SWELLING

• Torsion of spermatic cord
• Torsion of appendix, testis,

epididymis
• Acute epididymitis, orchitis
• Mumps orchitis
• Henoch-Schönlein purpura
• Trauma
• Insect bite
• Th rombosis of spermatic vein
• Fat necrosis
• Hernia
• Folliculitis
• Dermatitis, acute

PAINLESS SCROTAL SWELLING

• Tumor
• Idiopathic scrotal edema
• Hydrocele
• Henoch-Schönlein purpura
• Hernia

CHRONIC SCROTAL SWELLING

• Hydrocele
• Hernia
• Varicocele
• Spermatocele
• Sebaceous cyst
• Tumor
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is followed by compromise of arterial blood fl ow. Spermatogenesis may be compromised 
after 4 to 6 hours of ischemia.1 Similarly, testicular salvage is time dependent, with uni-
versal loss of the testis after 24 hours of torsion. A familial tendency has been described, 
and although the mode of inheritance remains ill-defi ned, 1 family with 3 generations has 
been identifi ed.2 In addition, there may be some seasonal variation in the presentation of 
acute testicular torsion with a predilection for the colder months,3,4 although this has not 
been true in all series.4

Incidence
Testicular torsion occurs in 1 in 4,000 boys. Although a peak in incidence occurs in 
the neonatal period, testicular torsion more commonly occurs between the ages of 12 and 
18 years. Nevertheless, testicular torsion should not be excluded from the diff erential 
diagnosis of acute scrotal swelling and pain based on age.

Evaluation
Th e history typically describes acute onset of constant, severe scrotal pain aggravated by 
physical activity and sometimes alleviated by being still. If periods of acute respite from 
the pain occur, then intermittent torsion and detorsion should be considered. Nausea 
and vomiting may occur. Th e patient may have a history of incidental antecedent scrotal 
trauma, but the onset of pain usually occurs during periods of rest or sleep. Characteristic 
fi ndings on physical examination include scrotal erythema and swelling of the involved 
hemiscrotum. Further inspection may reveal a higher-than-normal position of the testis 

Epididymis

Appendix
Testis

Testicle

  Figure 67-1
 Structures of the scrotum.          
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within the scrotum and may also demonstrate a horizontal rather than the normal vertical 
orientation of the testicle. Evaluation of the cremasteric refl ex should begin on the con-
tralateral side, along with palpation of the apparently unaff ected testis to confi rm normal 
size and position. Unilateral loss of the cremasteric refl ex on the side of the swelling and 
pain highly correlates with the presence of torsion.5 Th e testis should then be palpated 
despite the pain the maneuver may cause to help diff erentiate torsion from epididymitis. 
With torsion, exquisite pain is elicited on palpation from the testis, as well as from the 
epididymis and distal spermatic cord. In some instances, the actual point of torsion of 
the spermatic cord can be palpated. An associated hydrocele may be palpated and con-
fi rmed by transillumination. A tense or large hydrocele often makes the examination dif-
fi cult. Urinalysis is unremarkable, and although the white blood cell count may be mildly 
elevated, it is not discriminating. Imaging by nuclear scintigraphy6,7 or Doppler ultrasound8,9 
should be performed if the diagnosis of testicular torsion is in question, but only when it 
will not unduly delay surgical exploration if a torsion exists, adding to the risk for testicular 
loss. Th e absence of blood fl ow on Doppler and the presence of heterogeneous parenchyma 
are indicative of a “missed torsion” and a nonsalvageable testis.10

Treatment
Surgical intervention is not only indicated when testicular torsion is strongly suspected, but 
also should be considered in equivocal cases when torsion cannot be convincingly excluded. 
Th e likelihood of salvaging the testis, the goal of surgical exploration, is highest when surgery 
occurs shortly after the onset of pain; the chance for a successful outcome dissipates rapidly 
with time (Figure 67-2). With surgery, the aff ected testis is explored fi rst, and when torsion 

  Figure 67-2
 Intraoperative photograph of nonsalvageable testis after prolonged period of pain.         
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is present, the cord is detorsed. Th e contralateral testis, which may have the same anatomic 
defect, is explored and fi xed in place to avert a future metachronous torsion. Th e aff ected 
gonad is then reinspected and the possibility of salvage determined. If the testis can be saved, 
then it is fi xed in the scrotum. Subsequent atrophy may still result because of the vascular 
insult,11 and fertility may be compromised as well.12

When testicular torsion is diagnosed, manual detorsion can be attempted while surgery 
is being arranged. Th e testis is twisted either clockwise or counterclockwise. When twisting 
in 1 direction has not succeeded, an attempt in the opposite direction can be made. When 
the procedure is successful, the return of blood fl ow to the testis provides rapid relief from 
pain. If manual detorsion can be accomplished preoperatively, then the surgical intervention 
to tack down the testes can be performed electively.13

Neonatal Testicular Torsion
Neonatal testicular torsion can exhibit at delivery as a nontender hard scrotal mass. Salvage 
in these cases is rare, and emergent exploration is futile.14 At exploration, the contralateral 
testis should be anchored and the nonviable testis removed. Although neonatal torsion can 
occur after delivery, this is very uncommon and then is more typical of torsion in the older 
patient, with a greater potential for salvage if intervention is rapid.

Torsion of the Appendix Testis

Evaluation
Torsion of the appendix testis or appendix epididymis may lead to a clinical picture similar 
to that of the more consequential and urgent torsion of the spermatic cord. Th e appendix 
testis is a vestige of the Müllerian duct system and hangs from the anterior surface of the 
testis where it meets the head of the epididymis. When it torses, infl ammation and swelling 
of the testis and epididymis ensues, causing testicular pain and scrotal erythema. Th e 
onset of pain and swelling is commonly acute but can be progressive, usually occurring during 
periods of rest. Th e pain can be severe, but nausea and vomiting are less common than with 
testicular torsion. Th e physical examination may demonstrate hemiscrotal erythema and 
swelling. Th e blue dot sign, with the necrotic appendage visible through the scrotal skin, can 
help make the diagnosis.15 A normal cremasteric refl ex is present bilaterally, and the testis is 
normally positioned within the scrotum. Testicular discomfort, if present, is typically mild, 
but point tenderness may be elicited from the uppermost pole of the testis near the head 
of the epididymis—the location of the appendages. On palpation, the examiner may feel 
a 3- to 5-mm tender indurated mass on the upper pole. In some cases, the infl ammatory 
process resulting from torsion of the appendage can lead to physical fi ndings that make 
diff erentiating from true spermatic cord torsion impossible. In these cases, imaging may be 
helpful because either scrotal Doppler ultrasound or nuclear scintigraphy will demonstrate 
normal or increased fl ow to the ipsilateral testis.

Treatment
Th e management of the torsed appendage is nonsurgical. Th e patient should rest and use 
nonsteroidal pain relievers and cold compresses for several days to reduce the infl amma-
tion, swelling, and pain. Surgical intervention is indicated only when the diagnosis of acute 
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testicular torsion cannot be excluded. In these cases, the infarcted appendage is removed at 
surgical exploration.

Acute Epididymitis-Orchitis

Evaluation
Acute infl ammation of the epididymis or testis occurs in both young and older boys. 
Uncommon in the younger child, it usually results from an anomaly of the urinary tract, 
either congenital or acquired, which can often be identifi ed by renal and bladder sonog-
raphy.16 Renal duplications and posterior urethral valves are among the more common 
anomalies. Traditionally, a voiding cystourethrogram has been a routine part of the evalu-
ation, but its yield is low with a normal ultrasound and a sterile urine. In children who 
perform intermittent catheterization, epididymo-orchitis can occur from the retrograde 
passage of bacteria back from the ejaculatory ducts at the level of the prostate to the testis 
and epididymis.17

In the older child and adolescent, the history and physical examination may help dis-
tinguish epididymitis or orchitis from testicular torsion or appendix torsion, but this is 
not always the case. Th e history can reveal an acute or more protracted onset of pain. Th e 
patient may have fever or dysuria. Epididymal infl ammation may arise after scrotal trauma. 
In the adolescent patient, a history of sexual activity or a urethral discharge helps guide 
antibiotic treatment. Th e physical examination reveals scrotal erythema and swelling and 
an intact cremasteric refl ex. Palpation during the early phase of the infl ammatory process 
demonstrates tenderness limited to the epididymis, whereas in the later phase, the tender-
ness and infl ammation include both the epididymis and testis, and the distinction between 
the 2 structures may be diffi  cult to appreciate. Th e Prehn sign (relief of pain with testicular 
elevation) may be positive.

Laboratory and radiologic imaging are useful in these cases. Urinalysis may prove posi-
tive for white blood cells and nitrite but is often unremarkable among adolescents. Th e 
white blood cell count is usually elevated. Ultrasound and nuclear scintigraphy studies 
demonstrate either normal symmetrical blood fl ow or increased blood fl ow to an enlarged 
epididymis or testis.

Treatment
Management of epididymo-orchitis requires antibiotic therapy that is based on the results of 
the urine culture and sensitivities. In the sexually active adolescent, the choice of antibiotic 
coverage must also include coverage of gonococcal and nongonococcal sexually transmit-
ted infections. Additionally, anti-infl ammatory agents, scrotal elevation, and rest should be 
prescribed.

Other Causes of Acute Swelling and Pain of the Scrotum

Henoch-Schönlein Purpura
Henoch-Schönlein purpura is a systemic vasculitis that can cause abdominal pain, joint pain, 
renal disease, and bleeding from the gastrointestinal tract and may involve the scrotal wall 
in a minority of cases. Th e onset may be insidious or acute, producing a variable degree of 
erythema and edema. In more severe cases, the process may involve the testis and epididymis, 
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mimicking testicular torsion.18 Th e presence of concurrent Henoch-Schönlein purpura and 
testicular torsion has been reported; therefore, if torsion is a consideration, then imaging 
with either Doppler ultrasound or nuclear scintigraphy is indicated to evaluate testicular 
blood fl ow. Surgical exploration may be needed in equivocal cases.

Focal Fat Necrosis
Focal fat necrosis can result in scrotal pain and swelling,19 usually after trauma, in an obese 
boy. Th e examination demonstrates pain and swelling limited to the scrotum and not the 
testis; however, the examination can be limited by the discomfort and the degree of obesity. If 
properly diagnosed, then management consists of rest and anti-infl ammatory agents. When 
spermatic cord torsion cannot be excluded clinically, either an imaging study or immediate 
surgical exploration is indicated.

Trauma
Injuries can vary from zipper entrapment of scrotal skin to more severe blunt or 
straddle trauma affecting the scrotal contents. The history can be definitive. The 
physical examination must include both hemiscrotums and the surrounding struc-
tures (penis, perineum), assessing for swelling, ecchymosis, and bleeding. Palpation 
may be limited by the degree of swelling or blood within the scrotum. Th e tenderness may 
be limited to the testis or the epididymis, depending on the extent of the trauma. 
Scrotal ultrasound can document the integrity of the testis and of the tunica albuginea 
and the adequacy of blood fl ow.20 Testicular or spermatic cord contusions are managed 
symptomatically, whereas testicular rupture may require surgical exploration, evacuation of 
the hematoma, debridement, and repair (when possible); however, a nonsurgical approach 
has been reported.21

Mumps Orchitis
Mumps orchitis can occur at any age but is more common among adolescents. Rarely 
occurring in isolation, the pain and swelling usually occur within 1 week after parotitis. Th e 
physical examination demonstrates a tender testis. Treatment is symptomatic. Infertility may 
occur when mumps orchitis results in atrophy of both testicles.22

Scrotal Skin Disease
Insect bites, folliculitis, and allergic dermatitis may cause erythema and edema of the scro-
tal wall. Th e history may be of limited utility. Th e examination reveals redness and edema 
limited to the scrotum, with a normal testicle and spermatic cord. Idiopathic scrotal 
edema aff ects children younger than 14 years, with acute erythema, edema, and mild 
scrotal wall tenderness, sparing the testis and cord.23 Th e process resolves spontaneously. Th e 
management includes rest and scrotal elevation. 

 SCROTAL SWELLING WITHOUT PAIN
Inguinal Hernias and Hydroceles
Hernias and hydroceles, the most common causes of scrotal swelling, fall along a con-
tinuum (Figure 67-3). Th ey are more common in premature infants and are predominately 
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right sided. Most inguinal hernias and hydroceles are caused by persistent patency of the 
processus vaginalis (PPV), a peritoneal evagination that accompanies the testis during its 
abdominal-scrotal descent. Th e layers of the processus vaginalis condense late in gestation 
or early postnatally. Obliteration of the processus vaginalis only around the testis leads to an 
indirect inguinal hernia with the protrusion of fl uid (or other contents) through the internal 
ring to the end of the pouch and potentially to the scrotum. A communicating hydrocele 
occurs when fl uid travels through a PPV into the tunica vaginalis around the testis. A scrotal 
hydrocele occurs after complete obliteration proximally with patency distally. Hydroceles 
of the cord occur when the processus vaginalis obliterates proximally and distally, leaving a 
patent area in the midportion with retained fl uid.

Inguinal hernias and hydroceles may be asymptomatic or may have a spectrum of symp-
toms. A hernia can occur at any age as an inguinal swelling extending toward and potentially 
reaching the scrotum. Th e swelling expands with increases in intraabdominal pressure (eg, 
crying, bowel movements, coughing, exercise). Th e parent or child will often report the 
swelling to be smallest in the morning and greatest later in the day. When omentum is in 
the hernia sac, the likelihood of spontaneous reduction is low, and periods of discomfort 
can occur. An incarcerated hernia can produce pain, fever, nausea, vomiting, and irritability. 
A hydrocele is usually an asymptomatic bulge in the scrotum. In many instances, whether 
the hydrocele is acute or whether the scrotum has been chronically enlarged is unclear. 
Th e patient may have a history of trauma to the scrotum that stimulates the production of 
serous fl uid. When the scrotum changes sizes during the day, the physician should suspect 
a communicating hydrocele.

Evaluation
Th e physical examination is often suffi  cient to distinguish among these entities. Th e examiner 
should feel for the testis fi rst and keep it in mind during the rest of the examination so as 
to avoid confusing it with the contents of an incarcerated hernia. A bulge in the inguinal 
region with fl uid that can be gently reduced back into the abdomen is diagnostic of an 
inguinal hernia. In the cooperative child who can increase his intraabdominal pressure, 
this procedure may be repeatedly demonstrated particularly with the child standing. When 
the fl uid is limited to the testis and the spermatic cord can be palpated above the fl uid, a 
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  Figure 67-3
 Diagram of the continuum of hernia and hydrocele.         
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hydrocele is present. Th e presence of a thickened spermatic cord or a silk stocking sign (the 
feel of the layers of the processus vaginalis being rubbed against each other) is suggestive of a 
PPV or a hernia, which is helpful in distinguishing a scrotal hydrocele from a communicat-
ing hydrocele. Hydroceles transilluminate, but so can the incarcerated bowel of an infant. 
A hydrocele of the spermatic cord feels distinct from the testis and is round or ovoid, pos-
sibly mimicking the presence of an additional testis. Hydroceles, whether communicating, 
scrotal, or of the cord, are rarely associated with tenderness on palpation.

Ultrasound can be useful to delineate the scrotal contents, especially when a large or 
tense hydrocele limits the physical examination, and to determine the cystic or solid nature 
of a tense scrotal mass (eg, hydrocele, tumor) or spermatic cord mass (eg, hydrocele of the 
cord, paratesticular tumor). Laboratory tests are useful only in cases of incarcerated inguinal 
hernias, with an elevated white blood cell count and possible acidosis.

Treatment
Inguinal hernias and communicating hydroceles should be repaired on diagnosis to prevent 
incarceration. Th e risk for incarceration increases with time and is more likely in the young 
child or infant. Communicating hydroceles should also be repaired on diagnosis to avert 
progression. Surgery is performed inguinally, during which the sac is isolated from 
the cord structures and ligated at the level of the internal ring. Th e likelihood of a PPV on the 
contralateral side is highest in younger children, and the need for contralateral exploration 
remains controversial. However, diagnostic laparoscopy through the isolated ipsilateral sac 
allows visualization of the contralateral ring24 (Figure 67-4). If the internal ring is open, 
then contralateral surgical correction proceeds. Most hydroceles resolve spontaneously by 
1 year and should be repaired if they persist beyond this age. However, if the hydrocele is 
painful, tense, and large, then surgery should proceed sooner. In younger children, the sur-
gical approach is inguinal; in older boys and adolescents, a scrotal approach is appropriate.

Tumors
Testicular tumors are uncommon in children, accounting for 1% to 2% of all solid tumors, 
but occur in all age groups. Fortunately, about 74% of prepubertal testis tumors are benign.25 
Tumors are usually displayed as a hard, painless (or a vague, heavy-feeling) mass in the testicle 
detected by the child, parent, or examining physician. On palpation, the mass is harder than 
the substance of the testis, but this distinction may be diffi  cult to discern. Th e mass may 
bulge from the surface of the testis. Tumors do not transilluminate. Scrotal ultrasound is 
used to delineate the mass and in some cases help to assess whether the mass is likely to be 
benign (anechoic). Preoperative tumor markers (�-fetoprotein [AFP], �-human chorionic 
gonadotropin) should be drawn and used for postoperative monitoring. AFP cannot be used 
eff ectively as a tumor marker until it is no longer produced at about 8 months of age. Staging 
depends on serum markers, computed tomography (CT) imaging of the retroperitoneum 
and chest, and pathology. Th e surgical approach depends on the nature of the mass. All cases 
are approached through an inguinal incision in case the mass is malignant. Mature teratoma, 
the most common testis tumor among prepubertal males, is benign and is managed by testis-
sparing surgery. Immature teratoma has also been successfully managed without removing 
the testis.25,26 Yolk sac tumor is the second most common tumor and presents with elevated 
AFP levels (recall caveat above). Radical orchiectomy is curative in more than 90% of cases 
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  Figure 67-4
 Laparoscopic appearance of a closed  (top)  and an open  (bottom)  internal inguinal ring. The ring appears 
at junction of the vas deferens and the internal spermatic vessels.         

(stage 1); platinum-based chemotherapy and possible retroperitoneal lymph node dissection 
may be needed for higher stage disease. Boys with Leydig cell tumors present with a solid tes-
tis mass and precocious puberty and can be treated with tumor enucleation. Gonadoblastoma 
occurs in dysgenetic gonads of children with disorders of sexual diff erentiation carrying a 
Y chromosome.
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Varicoceles
Varicoceles, which are dilations of the spermatic veins or pampiniform plexus, are present in 
15% of male adolescents and adults and may have a negative impact on fertility. Th e dilated 
veins are usually asymptomatic and are detected either by the patient or by the physician 
during routine physical examination, usually between 10 and 15 years of age. On occasion, 
the patient may report some heaviness or a dragging feeling in the scrotum. A predilection 
for the left side exists, refl ecting the anatomy of the left gonadal vein entering the left renal 
vein at a right angle. Th e right gonadal vein enters the vena cava directly at an angle, pre-
cluding refl ux of venous blood. Th e presence of bilateral or right-sided varicoceles warrants 
an abdominal and pelvic ultrasound or CT scan to evaluate for a possible mass occluding 
venous return. Physical examination should be performed with the patient in the supine 
and standing positions; the varicocele is usually decompressed in the supine position and 
present in the standing position. Inspection may reveal the classic bag of worms of dilated 
veins (grade 3 of 3). In other cases, increased blood pooling in the veins can be prompted 
by a Valsalva maneuver (grade 2 of 3). Less commonly, a varicocele is detected only by 
ultrasound (grade 1 of 3). Testicular size, most accurately assessed by ultrasound, should 
be measured27; a signifi cant loss of testicular volume is one indication for surgery. Other 
indications for repair include abnormal semen analysis (older adolescent patients), very 
large varicoceles, and pain. Corrective measures include open surgery, laparoscopic surgery, 
or radiologic ablative techniques—all aimed at occluding direct venous return through the 
internal spermatic vein to improve the likelihood of normal fertility. In most cases, the testis 
will subsequently increase in size to equal that of the contralateral testis.28

Spermatoceles and Epididymal Cysts
Spermatoceles and epididymal cysts represent sperm-fi lled cystic lesions attached to the upper 
pole of the testis. Th ey are separate from the testis and can be transilluminated. Painless and 
round, they usually remain stable in size but can sometimes enlarge. Management consists 
typically of observation, but surgery may be indicated when pain or signifi cant enlarge-
ment is present. Postoperative scarring can obstruct the epididymal ductal system and lead 
to infertility.29

When to Refer

• Acute painful scrotal swelling
• Acute hydrocele
• Hernia
• Scrotal trauma
• Cellulitis of scrotum
• Varicocele
• Testicular mass
• Paratesticular mass

TOOLS FOR PRACTICE

Engaging Patient and Family
• Hydroceles and Inguinal Hernias (fact sheet), American Urological Association (www.

urologyhealth.org/urology/index.cfm?article�129)

http://www.urologyhealth.org/urology/index.cfm?article�129
http://www.urologyhealth.org/urology/index.cfm?article�129
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• Neonatal Testicular Torsion (fact sheet), American Urological Association (www.
urologyhealth.org/urology/index.cfm?article�7)

• Testicular Trauma (fact sheet), American Urological Association (www.urologyhealth.
org/urology/index.cfm?article�35)
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 Chapter 68

Self-harm
Nancy Heath, PhD; Jessica R. Toste, PhD; Timothy R. Moore, PhD; 

Frank Symons, PhD

 FOUNDATIONS OF SELF-INJURY
Self-injury in children and youth may be grouped into 2 classifi cations: self-injury with 
intent to die (suicidal behaviors) and self-injury without intent to die (nonsuicidal self-
injurious behaviors). Two of the best-known behaviors within the nonsuicidal classifi cation 
are nonsuicidal self-injury (NSSI), occurring in typically developing children and youth, and 
self-injurious behavior (SIB), most common among children and youth with intellectual and 
developmental disabilities. Although cases of NSSI are seen more commonly than SIB in 
clinical practice, SIB is generally the more severe behavior. However, both forms of self-
injury pose signifi cant challenges to pediatricians. Th e chapter describes the independent 
and converging characteristics and features of each of these presentations of self-injury.

Defi nition and Types of Self-injury
Nonsuicidal self-injury refers to the deliberate destruction of one’s own body tissue, occurring 
without suicidal intent and for purposes not socially sanctioned. Th us, NSSI excludes pierc-
ings and tattoos. Most commonly, NSSI includes superfi cial to moderate self-cutting, burning, 
scratching, and bruising. NSSI occurs among typically developing children and adolescents. 
Th is behavior is often engaged in repetitively over long periods of time, with increasing severity, 
and has been found to be a signifi cant risk factor for future suicidal behaviors.1 Furthermore, 
these self-infl icted injuries can result in medical complications, infection, or permanent 
scarring. Historically, this behavior has also been referred to as self-mutilation, self-harm, and 
parasuicide. Th e defi nition of NSSI excludes extreme forms of body mutilation (eg, amputation, 
enucleation) seen in patients with psychosis, as well as stereotypical self-injury seen among 
individuals with intellectual and developmental disabilities (IDD).

SIB among children and youth with IDD shares a similar defi nition with NSSI. SIB is 
defi ned as physical acts directed to one’s own body that result in or produce tissue damage, 
or have the possibility of producing tissue damage if left unchecked. However, the most 
common forms of SIB are diff erent from those of NSSI, and may include head banging, 
biting, scratching, pinching, and rubbing. Chronic SIB poses tremendous challenges for 
aff ected individuals and their families. Indeed, SIB is among the most disturbing and serious 
of all behaviors exhibited by children with IDD, because it has profound implications for 
a child’s health and quality of life. SIB often leads to increased risk for institutionalization 
and social stigmatization, and decreased opportunities to learn.



Signs and Symptoms in Pediatrics800

Epidemiology
Th e onset of NSSI most commonly occurs in early adolescence (12–14 years), although it 
is increasingly common for this behavior to occur among prepubertal children.2 Research 
has found that between 14% and 20% of adolescents in community samples report hav-
ing engaged in NSSI at least once during their lifetime. Studies of mental health issues in 
college students have reported comparable lifetime prevalence estimates, suggesting that 
rates of NSSI are similar from adolescence to young adulthood. Currently, there has been 
no research investigating the prevalence of NSSI among prepubertal children in the general 
population; however, there is a clear indication from retrospective reports of self-injurers, as 
well as anecdotal reports (eg, physicians, school professionals) that NSSI does occur among 
children. In contrast to studies conducted with community samples, lifetime prevalence 
estimates of NSSI among clinical adolescent samples are substantially higher, with rates 
ranging from 60% to 80%.3

Interestingly, while research has found NSSI rates to be much higher among females in 
clinical settings,4 the same pattern is not consistently found in community samples. Some 
studies have found a female predominance in the behavior,5,6 while others conclude that there 
may be little or no gender diff erence in occurrence of NSSI.7–10 In a review of the literature 
of NSSI among adolescents, Heath and colleagues11 found that studies reporting gender 
diff erences have included overdose and medication abuse, which have been found to be 
largely female behaviors. Investigations that are limited to cutting, burning, self-hitting to 
bruise, and other forms of tissue damage have failed to fi nd a gender diff erence. Th us, it is 
important to avoid the assumption that NSSI is a predominantly female behavior in com-
munity practice, even though girls are more likely to be seen in clinical settings.

Findings regarding age of onset and gender patterns for SIB are notably diff erent from 
those for NSSI. SIB occurs at all levels of IDD across the lifespan, with greater frequency 
typically reported among children with more severe intellectual impairments. Th e specifi c 
age of onset is typically unknown, but reports documenting SIB have included children as 
young as 18 months.12 Epidemiologic estimates vary depending on study design and par-
ticipant characteristics, but it is estimated that approximately 20% of individuals with IDD 
living in large aggregate care facilities exhibit some form of self-injury.13 Unlike NSSI, there 
are clear gender diff erences in occurrence of SIB, with males overrepresented by a ratio of 
approximately 4 to 1. Th ere have been no studies directly addressing ethnic diff erences in 
the prevalence of NSSI or SIB among children with IDD.

Etiology and Function
For many years, self-injury occurring outside of the IDD population was believed to be indic-
ative of severe psychiatric disorders, particularly borderline personality disorder (BPD).14,15 
However, emerging research has shown that NSSI is not limited to individuals with BPD. 
Research has revealed that this behavior serves a number of diff erent functions.16–18 Th ese 
may be understood as falling into 2 broad categories: functions that serve an internal or 
automatic purpose (eg, to elicit a calm feeling or eliminate tension) or functions that serve 
an external or social purpose (eg, as a form of communication or to elicit a response). For 
most individuals who engage in NSSI, emotion regulation diffi  culties are at the root of this 
behavior.16,19–22 Th ese youth experience their intense negative emotions as intolerable and 
use NSSI to gain relief.
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Although use of NSSI to regulate internal states or emotions has received the most 
support in the literature, for a minority of youth it seems that social factors may also 
play a role in this behavior.11,23 It has been suggested that in these cases NSSI serves as a 
form of communication to parents and peers when alternative forms of communication 
are perceived as being ineff ective.17 Th us, for typically developing youth, the primary 
function of the behavior is to obtain relief from an internal state or experience. In con-
trast, as discussed below, SIB among children and youth with IDD is most often found 
to serve an environmental or social function (eg, to gain attention from others or to 
escape from task demands); however, it is recognized that an automatic function may 
also be involved in many cases (eg, to attain relief from pain caused by an underlying 
medical condition).

Advances in behavioral assessment technology have led to remarkable progress in iden-
tifying environmental24–26 and biologic27,28 variables underlying SIB. While the etiology 
of SIB may be related to an undiagnosed painful medical condition in some cases,29 the 
specifi c etiology of SIB is unknown in most cases. Little is known about the behavioral 
or biologic mechanisms infl uencing the early development of SIB in young children with 
IDD.30 Communication impairment associated with IDD is a primary risk factor, as is the 
overall severity of the intellectual impairment.

Co-occurring Disorders
Research on co-occurrence is crucial for knowing how to assess and treat youth who engage 
in diff erent forms of self-injury. For example, because the underlying functions of NSSI are 
similar to those of other mental health issues, it is necessary to be aware of which conditions 
tend to occur with NSSI and how to eff ectively assess and monitor them. Some of the most 
commonly co-occurring disorders include mood disorder, anxiety disorder, impulse control/
conduct problems, uncontrolled anger, BPD, alcohol or substance abuse, eating disorders, 
and suicidality.31

Similarly, a number of IDD-related syndromes tend to occur with SIB. Th e most 
common of these include Lesch-Nyhan syndrome, fragile X syndrome, Cornelia deLange 
syndrome, Prader-Willi syndrome, and Rett syndrome.32,33 Whether there are mecha-
nisms specifi c to any single genetic disorder and the expression of SIB is unclear but 
unlikely.

 EVALUATION
Diagnostic and treatment approaches to NSSI and SIB diff er substantially. NSSI is largely 
hidden and may range in severity or treatment needs; therefore, much of the focus for the 
physician is on early risk assessment and referral to appropriate treatment. In contrast, SIB 
necessitates an initial ruling out of a possible underlying medical condition followed by the 
need for a full behavioral evaluation by a behavior analyst certifi ed by the Behavior Analyst 
Certifi cation Board (BACB.com). Interestingly, despite the obvious diff erences between the 
diagnostic approaches to NSSI and SIB, both share the diffi  culty of preconceived notions 
regarding the behavior (based on common misconceptions) and the lack of consideration 
of both internal and external functions. For clarity, the following section is divided into 
separate, brief reviews of NSSI and SIB.
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Nonsuicidal Self-injury

Signs and Symptoms
A particularly challenging aspect of NSSI among children and youth is that it is a largely 
hidden behavior. Most youth engaging in the behavior make great eff orts to keep the behavior 
secret, perhaps revealing only to friends or peers in online communities.34 Despite the child’s 
reluctance to reveal the behavior, physical examination of the child will reveal fresh injuries, 
scars, burns, or unexplained bruises that are clearly indicative of NSSI. Some individuals 
will limit themselves to pin or razor blade scratching that they may explain as “cat scratches.” 
Awareness of NSSI in typically developing youth ensures that physicians are cautious in their 
interpretation of signs of injury (eg, bruising, burning, or cutting) as signs of physical abuse 
(intentional harm by another).

One of the most signifi cant obstacles to identifi cation of NSSI by physicians is a lack of 
awareness of this behavior. It is widely thought that self-injury is largely a female behavior 
and limited to self-cutting; thus, NSSI is often overlooked in males or when other methods 
of injury are involved. Rather than understanding the underlying emotion regulation or 
“coping” function, physicians who encounter cases of NSSI often misidentify it as a suicide 
attempt or physical abuse, or assume that there are underlying disorders (eg, BPD, eating 
disorders). Additionally, physicians must recognize the high rate of occurrence for NSSI in 
youth and that the behavior is not limited to specifi c social cliques (eg, “emos” or “goths”).

Diagnostic Approach
Of particular importance is the need to distinguish between NSSI and suicidal behaviors. 
In the past, researchers have often failed to distinguish between self-injury with and without 
suicidal intent.11 However, suicide attempts and NSSI are distinct behaviors and should be 
understood, managed, and treated diff erently. Suicide attempts are behaviors that may or 
may not result in injury, for which there is intent to die. In contrast, NSSI is a behavior 
in which immediate tissue damage is present, but for which there is no intent to die. In 
essence, suicidal behaviors express a wish to stop living, whereas NSSI is reported by the 
youth as an attempt to feel better without any conscious desire to die. Nevertheless, these 
behaviors are not mutually exclusive, and some youth engage in both, albeit at diff erent 
times and with diff erent intents. Th erefore, it is important to evaluate for both suicidal and 
nonsuicidal self-injury.

Risk Assessment and Eff ective Referral
A key role of the pediatrician is to complete a risk assessment to determine the current risk 
level and make appropriate referrals. Assessment includes evaluation of risk for suicide, 
physical injury, and the presence of other co-occurring risk factors. In determining risk-
level status, the physician must recognize that there is no simple formula for determining 
whether a youth is at high or low risk. Nevertheless, if there is increased risk for suicide or 
physical injury, or if there are signifi cant mental health concerns, then the risk-level status 
of the patient increases. Despite the extensive list of factors contributing to risk stratifi ca-
tion, many patients who self-injure remain in the low-risk category. Th ese patients may have 
mild, nonclinical levels of depression, anxiety, negative body image, or self-derogation and 
may seem to be functioning extremely well academically, socially, and within their home 
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environment. Despite this apparent positive presentation, research has found that engaging 
in NSSI (even if only a few times) indicates problematic emotional regulation and a need 
for intervention to develop more adaptive coping strategies.35 Furthermore, it is known that 
risk level for suicide by individuals who engage in NSSI is substantial and subject to change 
over time; thus, regular reassessment is essential.

Self-injurious Behavior 

Signs and Symptoms
Th e physician should be aware that SIB injuries can have pattern-mark appearances and can 
be mistaken for physical abuse. Children with developmental disabilities, however, may be 
at higher risk for abuse or neglect. Careful history, risk assessment, and physical examina-
tion are warranted.

Presence of SIB often includes biting of the hands, arms, or lips; banging the head on 
solid surfaces; hitting the head or face with a closed fi st or open palm; eye-poking; or scratch-
ing, picking, pinching, or rubbing skin.36 Mild, moderate, or permanent tissue damage and 
disfi gurement, possibly life threatening, can occur if SIB is left untreated.37

Diagnostic Approach
Behavioral evaluation of SIB is predicated on 3 empirically based assumptions: (1) SIB is 
functional, learned behavior (ie, a function, in part, of its circumstances and consequences); 
(2) the momentary likelihood of SIB is infl uenced by antecedent stimulus conditions (ie, it 
occurs more often in the presence of certain people, places, materials, demand contexts, and 
biological states than in others); (3) intervention linked to function (ie, related to anteced-
ents and consequences) rather than form alone will result in superior, clinically signifi cant 
outcomes.38–40 Behavioral evaluations require eff ort, time, and trained staff  to administer 
and interpret, but lead to eff ective interventions more quickly than alternatives not based 
on behavioral function.

Functional Assessment and Analysis of Behavior
Physicians who eliminate the possibility of underlying medical conditions and determine 
that SIB warrants evaluation should refer the patient to a board-certifi ed behavior analyst 
(BCBA). State-by-state and provincial listings of BCBAs are available. Two broad categories 
of clinical evaluation procedures are available: functional assessment41–44 and functional analy-
sis.24,45 Both types of evaluations are designed to generate information about environmental 
antecedents to, and contingent consequences of, behavior that can be directly linked to inter-
ventions. Functional assessments generate descriptive accounts of contextual and antecedent 
precursors to behavior as well as outcomes produced by behavior. Th e functional assessment 
interview42 is typically administered face to face, and it can be completed in approximately 
1 hour (shorter or longer depending on the complexity of the behavior and level of informa-
tion desired). Th e Questions About Behavioral Function,43 Functional Analysis Screening 
Tool,41 and Motivation Assessment Scale44 are more time-effi  cient survey forms that can be 
completed by caregivers at home or school. It is best practice to corroborate any interview 
and survey information with observations of the behavior, because these instruments have 
been found to generate diff erent hypotheses about the function of SIB than observational 
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accounts such as experimental functional analysis.46,47 Nevertheless, strong hypotheses of the 
function of SIB can be generated by these types of descriptive functional assessments and 
eff ective interventions can be developed based on those hypotheses.

Experimental functional analysis involves systematic manipulation of the antecedents 
to, and consequences for, SIB, and direct observation of the eff ects of these consequences.24 
Typically, children are evaluated in clinical settings and the occurrence of SIB is compared 
across test and control conditions to determine whether SIB is sensitive to social conse-
quences. Th e usual consequences evaluated are possible positive and negative reinforcers in 
the form of attention from others, escape from task demands, access to tangible items, or 
other preferred situations. When the presentations of antecedent and consequence stimuli 
are arranged systematically in a single-subject experimental design, causal claims between SIB 
and its consequences can be made. Experimental functional analysis requires highly trained 
professionals to administer and interpret (and is therefore more costly), but the tradeoff  is 
confi rmation of the environment–behavior relationship responsible for the maintenance of 
SIB, resulting in more prompt implemenation of the proper intervention. 

 MANAGEMENT AND TREATMENT
Eff ective treatment of NSSI begins with appropriate assessment. Th is includes a full history of 
the behavior, including age of onset; incidence over time; and specifi c aspects of the behavior 
over time, including the history of method(s), frequency, location(s), number of injuries per 
episode, and medical severity of injuries. Th ese variables may change with time, indicating an 
overall profi le of increasing severity or a pattern of waxing and waning refl ective of periods 
of stress.35 Currently, the only treatment approach for NSSI that has some empirical support 
(including randomized controlled trials) is dialectal behavior therapy (DBT)48 which has 
been found to be eff ective both with adults and adolescents.49 However, none of these studies 
used community samples of youth engaging only in NSSI; rather, this approach has been 
found to be eff ective with individuals with severe NSSI and co-occuring suicidal behaviors. 
DBT focuses on specifi c treatment goals arranged in a hierarchy of importance as follows: 
(a) decreasing life-threatening and NSSI behaviors; (b) eliminating behaviors that interfere 
with therapy; (c) decreasing behaviors that interfere with quality of life (eg, substance abuse, 
high-risk sex); and (d) skills training in mindfulness, distress tolerance, emotion regulation, 
and interpersonal eff ectiveness to help manage psychological distress.50,51 Th is approach is 
intensive and demanding of resources, requiring a therapist trained in DBT. Although DBT 
has been referred to as the “gold standard” of treatment, less intensive treatment approaches 
that incorporate the key elements of mindfulness, distress tolerance, emotion regulation, 
and interpersonal skills to some degree may be eff ective with community samples of youth 
who engage in NSSI.52,53 Regardless, at a minimum the physician working with the youth 
must be aware of the elements of DBT.

A child with IDD presenting with SIB should be evaluated for any possible illness or 
the likelihood of an acute or chronic condition that may be painful. Treating the underly-
ing medical condition may lead to reduced SIB. For behavioral assessment, referral to a 
qualifi ed specialist (eg, BCBA) is recommended. Th e evidence for SIB treatment based 
on behavioral evaluation is large and growing.54,55 Best practice calls for linking behavioral 
evaluation results directly to intervention strategies that include modifi cations to the 
antecedent environment in order to limit the presence of variables known to be associated 
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with the onset of self-injury,56 and approaches to decreasing self-injury that emphasize 
reinforcement of desired behavior57–59 and de-emphasize the use of punishment.54 Specifi cs 
of any treatment regimen should be individualized with respect to the patient’s prefer-
ences, strengths, needs, and scope of SIB, as well as consideration of the caregivers’ prefer-
ences, strengths, capacities, and available family and community supports.60,61 Studies of 
neurobiologic factors associated with SIB have identifi ed a role for opioidergic, dopami-
nergic, and serotonergic systems in the pathophysiology of SIB. Th ese fi ndings are in line 
with the results of a growing body of controlled psychopharmacologic studies demon-
strating that SIB can be reduced to diff erent degrees by agents that have actions in these 
neurochemical systems. One main diffi  culty to date is that it is not clear who will respond 
to what medication under what circumstances.33

Ongoing Care
Th e main consideration in the ongoing care of patients who have engaged in NSSI is the 
need for regular follow-up and suicide risk assessment. Although many individuals will 
stop and not resume the behavior (exact numbers are unclear at this time), some youth will 
relapse and show a sharp escalation in severity following a stressor. While the prognosis is 
excellent for most youth who engage in NSSI at a low or moderate severity level, as a group 
they remain at signifi cantly greater risk for suicide. Similarly, while tremendous advances 
have been made in the past 3 decades in our understanding and treatment of SIB, there is 
little evidence that the scientifi c community has eff ectively reduced the long-term burden of 
SIB on families and society. Prevalence estimates continue to suggest approximately 20% of 
people with IDD exhibit SIB,62 suggesting an ongoing need for intensive intervention with 
an emphasis on sustainability by incumbent supports.

Self-injury Similarities and Differences
In summary, self-injury is generally understood to be a completely diff erent phenomeon 
in typically vs atypically developing children and youth. While there are many diff erences 
in presentation and treatment approaches, these behaviors can be understood as possibly 
serving either an automatic or social function in both populations. Furthermore, it is essen-
tial in both instances to evaluate for the underlying functions in order to understand the 
reinforcers of these behaviors. Treatment for NSSI and SIB requires a detailed analysis and 
understanding of what is reinforcing the behavior and ultimately trying to interrupt this 
reinforcement chain. Eff ectively disrupting the response-reinforcer contingency depends, 
in part, on recognizing that self-injury elicits reactions from individuals in the patient’s or 
individual’s environment, which can create a complex situation (ie, it is a natural response 
on the part of a physician to want to react and stop an individual from harming himself ). 
Documentation and clear communication to share information about any planned interven-
tion is essential to eff ective outcomes.

When to Refer

NSSI
• Following initial risk assessment
• Emotional regulation diffi  culties or poor coping strategies
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When to Admit

NSSI
• Th reat of suicide
• Serious physical injury
• Underlying psychiatric conditions

TOOLS FOR PRACTICE
Engaging Patient and Family
• S.A.F.E. Alternatives (Web site), (www.selfi njury.com)
• Self-injury Outreach and Support (Web site), (sioutreach.org)

Medical Decision Support
• Certifi cant Registry (Web page), Behavior Analyst Certifi cation Board (www.bacb.com/

index.php?page�100155)
• Five Th ings to Know About Non-Suicidal Self-Injury (article), Canadian Medical Association 

Journal, Vol 185, Issue 6, 2013
• Self-Injury Trauma (SIT) Scale: A Method for Quantifying Surface Tissue Damage Caused by 

Self-Injurious Behavior (article), Journal of Applied Behavior Analysis, Vol 23, Issue 1, 1990
• Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.

org/psychiatry/services/psc_forms.aspx)
• Strengths & Diffi  culties Questionnaire (screen), Youth in Mind, Ltd. (www.sdqinfo.com)
• Adapted SAD PERSONS (screen), American Academy of Pediatrics (pediatrics.

aappublications.org/content/125/Supplement_3/S195.full.pdf )
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Chapter 69

Self-stimulating Behaviors
Richard M. Sarles, MD; Sarah Edwards, DO

Repetitive and self-stimulating behaviors, such as head banging, head rolling, rocking, 
thumb sucking, and masturbation, as well as habits such as hair pulling and nail biting, are 
of concern to both parents and pediatricians. Research has suggested that commonalities 
exist among repetitive behaviors, sometimes classified as stereotypies, and that they 
represent an interaction of the stage of neuromotor development with environmental 
infl uences (eg, restrictive car seats and cribs) and are a homeostatic mechanism that serves 
to regulate stimulation from the environment. Many of these behaviors, such as head 
banging, head rolling, and rocking, typically appear before 12 months of age, peak soon 
thereafter, and subsequently decline rapidly. Th umb sucking (25%) and nail biting (23%) 
are the most common behaviors described in preschool children, with only 4% develop-
ing motor stereotypies.1 Young children practice self-stimulation through thumb sucking 
and genital play, with a peak at age 2½ years.2 In general, most of these behaviors are 
self-limited to the preschool period and are usually viewed as normal, common, and expected 
behaviors. Th ese habits generally do not signify psychological maladjustment. Th ey often 
require little intervention other than reassuring the parents and suggesting adequate interac-
tion with their child.3

 HEAD BANGING AND ROCKING
Head banging consists of rhythmic movements of the head against a solid object, such 
as the crib mattress or headboard, and is often associated with rocking the head and the 
entire body.4,5 It is observed most commonly at bedtime or at times of fatigue or stress 
and may vary in duration from several minutes to hours. Head banging often continues 
even when the child is asleep. Th e age of onset shows wide variability, but the behavior is 
witnessed most commonly during the preschool years. Th e reported incidence of head-
banging or rocking behavior varies between 3% and 20%, with a male-to-female ratio 
of approximately 3:1. Occasionally a family history of such behavior can be found, but 
only 20% of siblings of children who rock exhibit similar or other rhythmic pattern 
disturbances.6

Various theories have been developed to understand these self-limited but often 
disturbing behaviors.3 Rocking is thought to be a soothing, pleasurable experience that 
every infant encounters in utero and that most infants encounter from the neonatal period 
onward. Th e pleasure from movement is repeated throughout life, from being rocked in 
the mother’s arms during early childhood, for example, to jumping rope and playing 
on swings in childhood, to dancing in adulthood. Individual constitutional patterns in 
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childhood account for a wide variability in the amount of stimulation any particular child 
may require. However, in certain children, such as those who are hearing or sight impaired, 
emotionally disturbed, or severely intellectually disabled, marked rhythmic movements are 
commonly found. In these cases the movements may represent a compensatory reaction for 
a lack of stimuli or the inability to integrate stimuli. Head banging in children with severe 
disabilities can be a form of functional communication. For example, a child may increase 
head banging to receive parental attention or to avoid task demands. In addition, the child 
who has no disability but who is inactive because of physical illness generally shows a need 
for motor release that is often characterized by bed rocking or other rhythmic body move-
ments, which generally disappear once normal mobility is restored.

Physical and neurologic examinations show these children to be predominantly within 
normal limits, and electroencephalogram studies are not indicated because the fi ndings are 
generally not helpful. Th ese behaviors seem to be linked to maturational patterns and cor-
relate closely with teething and other transitions of growth and development, perhaps as a 
mechanism for increasing or reducing arousal and maintaining homeostasis. Even though 
psychosocial growth and development are apparently not disturbed in these children and 
studies indicate no connection between rocking behavior and parental divorce or separation, 
the question of inadequate stimulation for the child should be raised, and the presence of 
family turmoil and stress should be investigated.

Treatment is generally directed toward assuring the parents that head banging can-
not cause brain injury and that the child will show no adverse neurologic eff ects in later 
life; children who engage in head-banging behavior usually grow up as typical, coordinated 
children. Securing the crib to prevent rolling may help during the limited rocking behavior, 
but crib bumpers are not recommended because of concerns of suff ocation, strangulation, or 
entrapment. Sedation in the form of diphenhydramine may prove eff ective, but psychotropic 
medication is generally unnecessary and is thus discouraged. Parents should not visit the child 
frequently at night, because doing so could reinforce what may become an attention-seeking 
behavior. Rarely, if ever, do fractures of the skull or cerebral hemorrhages result from head 
banging in typically developing children, but soft-tissue swelling and scalp contusions have 
been reported. Intracranial injuries and retinal detachment have been reported in children 
with autism and severe intellectual disabilities, and a protective helmet may be advised in 
severe cases. Consultation with a child psychiatrist or psychologist is indicated if the head-
banging or rocking behavior persists beyond 3 years of age. For children who show a lack 
of social interaction or a preoccupation with themselves or with self-stimulatory behavior, 
consultation is indicated.

 THUMB SUCKING AND NAIL BITING
Th umb sucking occurs almost universally in infancy but varies among cultures. Infants may 
place virtually every object they encounter in their mouth unless parents, for safety reasons, 
restrict the object choice.

Th e pleasurable sensations associated with the double tactile experience of sucking and 
being sucked and the feelings of security and comfort that these experiences evoke tend to 
reinforce this behavior. Many families substitute artifi cial pacifi ers as a more socially accept-
able means of oral pleasure, and children themselves often spontaneously suck a security 
blanket, a doll, or a stuff ed animal. Th umb sucking usually occurs during times of stress 
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or boredom and at bedtime. Young children may suck their thumb to help themselves fall 
asleep. Social and family pressures generally limit thumb sucking to the preschool years. 
However, the habit may persist into adolescence. Approximately 25% to 40% of American 
children engage in fi nger sucking during the preschool years and 10% to 20% continue 
beyond 6 years of age.7

Nail biting is an extension or permutation of the habit of thumb sucking. Some 
experts consider this behavior a form of more overt self-aggression; others would defi ne 
nail biting simply as a variation of thumb sucking because this behavior is also seen 
typically during times of stress. An estimated 25% of preschoolers and 33% of children 
ages 7 to 10 years bite their nails. Adolescent rates of nail biting are as high as 45%. Th us 
nail biting, in contrast to thumb sucking, often continues throughout development, 
but decreases to adult rates of 10%. Gender diff erences do not appear until adolescence 
when the incidence of nail biting is greater for males.8 A family history exists in most cases, 
but this habit is so common that such an apparent association may be of no signifi cance. 
Children from higher socioeconomic groups and higher levels of parental education seem 
to demonstrate oral habits more often, but no clear correlation has been found with the 
number of children in the family, birth order, type of feeding, or feeding schedule.9

Th umb sucking, nail biting, and cuticle biting or picking may be harmful to dentition 
and increase the risk of dental malocclusion and the incidence of digital cutaneous infections. 
Th ere is a higher probability of malocclusion if thumb sucking continues after the eruption 
of permanent teeth.7,9 In addition, thumb sucking that persists into school age can bring on 
teasing from peers and criticism from teachers and family, leaving the child with decreased 
self-esteem and increased psychological distress.

Clarifying with parents the nature of these habits is important, as is encouraging them 
to avoid punishing or shaming the child for them. An underlying cause of tension should 
always be investigated, but simple behavioral therapy (based on positive reinforcement) is 
often suffi  cient to alleviate the habit. Th e parents should be advised to avoid punishment, 
threats, or anger. Encouragement in the place of restrictions is helpful in engaging children 
in their own program to decrease or eliminate the behavior.

Bitter-tasting commercial preparations applied to the fi ngers may be used as a reminder 
for the child, but these preparations are generally inadequate unless supplemented by 
consistent positive reinforcement. Th e choice of reinforcement reward should be the 
child’s and might take the form of extra television privileges, dessert, or other spe-
cial treats. A combination of aversive taste treatment and a reward system seems to be 
eff ective in treating chronic thumb sucking.10 Weekly visits to the physician for the fi rst 
month of treatment are important to reinforce the change in behavior. Hypnosis is another 
treatment that is often successful and poses no danger; psychotropic medications, on the 
other hand, are of little value. If these habits are linked to other signs of emotional distress 
or if there is excessive nail biting and cuticle picking, referral to a specialist in behavioral 
disorders is warranted to investigate other mental health issues such as anxiety or a body-
focused repetitive behavior disorder.11

 MASTURBATION
Childhood masturbation is almost universal and often causes great parental concern. Genital 
exploration and touch typically begin around 2 months of age and evolve into masturbatory 
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activities that peak at 4 to 5 years of age and again in adolescence.2,12 Such activity may 
vary from direct manual genital stimulation to movements of the thighs against each 
other. Rhythmic swaying or thrusting motions of the child while straddling a hobby horse, 
pillow, stuff ed animal, or other objects also are common methods of masturbation. Infants 
and children are capable of a physiologic orgasmic response similar to that experienced 
by the adult, except for the absence of ejaculation in the male child, as demonstrated by 
the common practice in Europe in the late 1800s of masturbating an irritable child to induce 
relaxation and sleep. Occasionally, this orgasmic response has been incorrectly thought to 
represent a convulsive or movement disorder in infants and children leading to unnecessary 
and expensive neurological workup.12 Masturbatory activity is generally initiated as a response 
to the learned pleasure associated with touching of the genitalia that is fi rst experienced in 
infancy during normal body exploration. Masturbation will continue as a lifelong pleasurable 
experience unless suppressed by parents or other adults.

Th e physician needs to educate parents about healthy childhood sexual development. 
Physicians should counsel parents on masturbatory practices and emphasize that mastur-
bation is a normal, harmless, and healthy practice that helps the child to derive pleasure 
from the child’s own body. Many parents may have received negative messages as children 
about their sexual development, and this has led them to view typical sexual behaviors 
as problematic. Myths must be dispelled concerning the belief that masturbation is a 
defi nitive sign of sexual abuse, that it may cause intellectual disability, physical deformity, 
blindness, poor physical and mental health, facial pimples, hair on the palms of the hand, 
homosexuality, and sexual perversions. Parents should be aware that masturbation occurs 
almost universally in children and should be encouraged to avoid punishing or shaming 
their child for a normal behavior. Negative parental reactions will not reduce the frequency 
of masturbation, but can lead to feelings of guilt and shame in children. If parents observe 
masturbatory activity in their child, they may want to suggest to the child the inappropri-
ateness of manipulating their genitalia in public places or in front of others and inform 
the child that certain practices, such as using the toilet and masturbating, are best carried 
out in private.13,14

Because local genital irritation, Candida infection, or pinworms in rare cases may cause 
a child to repeatedly touch their genitals, a physical examination helps to exclude such pos-
sibilities. Compulsive, overt masturbation among children and adolescents may lead to social 
ridicule and condemnation, or it may signify a deeper emotional problem. Consultation with 
a specialist in behavioral disorders of children and adolescents is indicated if the physician 
suspects that the masturbatory activity is excessive, compulsive, or not easily redirectable 
or may indicate the presence of a more complicated, troublesome emotional problem. Any 
masturbatory actions that involve self-harm or are coercive of other children are concerning 
and warrant additional evaluation and consultation.

Th e pediatrician should be aware that even with the current societal trends toward 
sexual openness and enlightenment, myths and feelings concerning masturbation often 
are deep seated and persistent. Th us, counseling and advice given by the pediatrician may 
be met with covert or overt resistance by parents or school authorities. Th e pediatrician 
should be well prepared to educate persons responsible for the growth and development 
of children.
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 HAIR PULLING AND TWISTING
Recurrent hair pulling and twisting (trichotillomania) is a form of self-stimulating behavior 
that often indicates the presence of psychological stress. Th e scalp is the most common 
area aff ected; eyebrows and eyelashes are the next most likely sites. Th e obvious cosmetic 
damage often results in ridicule by peers and shame for the child. Th e formation of a hair-
ball, or trichobezoar, in the stomach if the child ingests the hair is a serious problem that 
often results in hospitalization for surgical removal of the accumulated matted hair. Th is 
behavior has been reported across all age groups and has a bimodal onset with peaks in the 
preschool years and in early adolescence (ages 11–13 years).15 Onset in very early child-
hood shows no gender bias; however, this behavior becomes more common in females with 
increasing age.16 Th e Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, 
groups trichotillomania with the obsessive-compulsive and related disorders because it is 
a recurrent, body-focused, repetitive behavior.11 Two types of trichotillomania have been 
described in clinical practice, both of which can coexist in the same individual. In the 
focused type, which is associated with tension before and relief after the hair is pulled, time 
is set aside to pull the hair. In the second, automatic type, the patient is generally unaware 
of the behavior during the hair pulling or twisting itself and often recognizes the action as 
senseless and undesirable.17

Treatment is usually indicated and behavioral and cognitive behavioral therapy should 
be used as fi rst-line treatment.18 Local irritation from a dermatologic condition is rarely the 
cause of this disorder, but the possibility should be investigated. Referral to a mental health 
professional is often warranted to investigate possible underlying causes of tension, anxiety, 
depression, or obsessive-compulsive disorder. Psychotherapy may be required in many of 
these cases. Research does not support the use of selective serotonin reuptake inhibitors 
(SSRIs) to treat trichotillomania, but SSRIs can treat comorbid anxiety in children and ado-
lescents.19,20 Although studies of the treatment of adult trichotillomania showed signifi cant 
benefi t using N-acetylcysteine (NAC), research had not supported the benefi t of NAC for 
the treatment of children.21

 SPECIAL PROBLEMS IN CHILDREN WITH SEVERE MENTAL 
HEALTH DISORDERS

A broad spectrum of self-stimulating behaviors may be seen in children with developmental 
disabilities and severe mental health disorders. Th e behaviors, including body twirling or 
spinning and hand or arm fl apping, are often seen in cases of infantile autism or childhood 
schizophrenia. Excessive rocking behavior is common in severely intellectually disabled 
and emotionally disturbed children. In addition, severe self-mutilating behaviors, such as 
compulsive self-biting, severe head banging, and skin gouging, may be seen in these disor-
ders and are characteristic of certain metabolic or genetic disorders, such as Lesch-Nyhan 
syndrome and Cornelia de Lange syndrome.22 Patients who have Prader-Willi syndrome 
often demonstrate severe skin picking.23

Th ese behaviors are part of a symptom complex in a severe disorder, in contrast to the 
generally isolated behaviors in typically developing children. Th e cause is generally linked to 
the basic disorder and may also refl ect the lack, or disordered integration, of sensory stimuli. 
As previously mentioned, these behaviors can be reinforced by parental/adult reactions and 
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often serve a communication function, eg, the child increases the self-stimulating behavior 
to receive attention and avoid unpleasant tasks.

All of these cases require treatment for the basic disorder and generally demand 
special behavioral treatment beyond the scope and expertise of the primary care physi-
cian. When the behavior is severe, institutionalization is often required, and methods 
of treatment include the application of aversive behavior modifi cation techniques; the use of 
arm and neck restraints, head helmets, and psychotropic medications; and the institution 
of psychotherapeutic behavioral programs.

When to Refer

• Persistence of head banging or rocking beyond the age of 3 years
• Preoccupation with self-stimulating behavior to the point that it interferes with healthy 

social and emotional interaction
• Presence of accompanying symptoms such as decreased socialization or other behavioral 

problems
• Causing tissue damage

TOOLS FOR PRACTICE

Engaging Patient and Family
• Common Childhood Habits (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/family-dynamics/communication-discipline/
Pages/Common-Childhood-Habits.aspx) 

• Th umbsucking (audio) American Academy of Pediatrics (www.healthychildren.org/
English/ages-stages/baby/crying-colic/Pages/Th umbsucking.aspx)

• Pacifi ers and Th umb Sucking (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/ages-stages/baby/crying-colic/Pages/Pacifi ers-and-Th umb-
Sucking.aspx)
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 Chapter 70

Short Stature
Paul Kaplowitz, MD, PhD

Th e accepted medical defi nition of when a child is too short is often at variance with the 
point at which parents worry about their child’s growth. Parents may be concerned when 
a child is among the shortest in the class or when a younger sibling starts to catch up to the child 
in question, even if the child’s height clearly falls within the normal range. Statistically 
speaking, the normal range encompasses 2 standard deviations above and below the mean, 
or approximately between the 97th and the 3rd percentiles. Th e third percentile may be dif-
fi cult for primary care physicians (PCPs) to appreciate, given that the lowest curve on many 
growth charts is the fi fth percentile. Furthermore, a single point on a growth chart often 
will not defi ne whether a somewhat short child has a worrisome growth pattern; therefore, 
previous growth data should be plotted whenever available, and any suggestion of growth 
deceleration should be carefully reviewed. An additional complication is that in boys between 
the ages of 12 and 14 years, growth charts show an upward infl ection in height as boys start 
their growth spurts; thus, a somewhat short boy who is prepubertal will seem to fall further 
behind, even though he is continuing to grow at a normal rate. Th e growth charts published 
by Tanner and Davis in 1985 make this point clear because they have a separate line for 
short, late-maturing boys and girls.1

 DIFFERENTIAL DIAGNOSIS
Constitutional growth delay (CGD) and familial short stature (FSS) are the 2 most com-
mon causes of short stature. In the Utah Growth Study, which, through school screening, 
identifi ed 555 children who were below the third percentile and growing at less than 5 cm 
per year; 81% of these children had CGD, FSS, or a combination of the 2 conditions.2 
In CGD, children are healthy and growing below but parallel to the third percentile line. 
Birth weight is normal, but between 6 and 24 months linear growth and weight track 
downward to the third percentile or below; after age 3, children follow their own curve 
parallel to the low end of the growth chart. Children with CGD typically have a delayed 
onset of puberty and growth spurt and usually end up with heights in the lower half of 
the normal range. A characteristic fi nding is that the child has a bone age that is delayed 
by 2 or more years.

Familial short stature is quite easy to recognize when the child is healthy, growing at a nor-
mal rate below the third percentile, and 1 or both of the parents are quite short. Unlike CGD, 
children with FSS tend to have puberty at a normal age and achieve an adult height within 2 to 
3 inches of their adult target height, which can be calculated by averaging the heights of the 
parents and adding 2.5 inches if the child is a boy and subtracting 2.5 inches if a girl. Some 
children may have features of both CGD and FSS.
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Short Stature Associated With Syndromes and With Being Born 
Small for Gestational Age
Short stature associated with a syndrome should be considered when a very short child has 
a dysmorphic appearance, particularly if born small for gestational age (SGA) (eg, birth 
weight of ≤2,500 g at term).

Turner syndrome should be a consideration in any girl whose height is well below the 
third percentile, but certain features make the diagnosis more likely. Lymphedema in the 
newborn period or frequent ear infections well past 2 years of age are common. Th e most 
common physical fi ndings include a narrow, high-arched palate, cubitus valgus (a large 
angle at the elbow when the arms are stretched out), and upturned fi ngernails.3 Th e clas-
sic webbed neck is seen in only 40%. Approximately 15% have congenital heart disease, 
usually coarctation of the aorta. Mean birth weight is 2,785 g; thus, many patients are 
not born SGA.

Many less common syndromes exist in which dysmorphic features are associated with 
short stature. In Russell-Silver syndrome, the most characteristic features are a history of 
being born SGA and having a triangular face with a down-turned mouth. Noonan syndrome 
may be suggested by the fi nding of pulmonic stenosis and facial features that include a fl at 
nasal bridge, hypertelorism, and ptosis.

Short stature associated with SGA is diagnosed when a child born SGA fails to catch up 
to the normal range in height by 2 years of age. Many of these children have no dysmorphic 
features, and no defi ned cause can be found for their intrauterine growth restriction.

Chronic Illness and Nutritional Disorders
A chronic illness or nutritional disorder should be considered in short children whose weight 
is further below the curve than their height (or whose body mass index is below the 10th 
percentile for age).

Inadequate calories, rarely a result of poverty in the United States because high-calorie 
foods are inexpensive, is sometimes seen in the setting of a child who is on a self-imposed 
or parent-imposed restrictive diet to avoid gaining weight or to lower cholesterol levels. Th e 
extreme example of this situation is anorexia nervosa.

Infl ammatory bowel disease, though rarely the cause of undiagnosed short stature, may 
be suspected in a child whose growth has been normal but then shows a marked falloff  in 
both height and weight, particularly in the presence of gastrointestinal (GI) symptoms such 
as abdominal pain, early satiety, and blood in the stool.4 Growth attenuation may start when 
GI symptoms are relatively mild or even before they become apparent.

Celiac disease, or gluten enteropathy, is a common cause of short stature in Europe (up to 
8% in some studies), although its frequency in the United States seems to be much lower.5 
Abdominal pain, distension, and loose stools may suggest the diagnosis, but most short 
children with celiac disease have few if any GI symptoms.

Renal disease can cause short stature, but only rarely is it diagnosed solely because of an 
abnormal growth curve. Renal tubular acidosis and chronic renal failure are the 2 renal condi-
tions that can cause growth failure and that can be ruled out by appropriate screening tests.

Poor Growth Associated With Medications
Children treated with stimulant medications for attention-defi cit disorder may have growth 
attenuation starting either at the time the medications are begun or between 9 and 12 years 
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of age. One recent study, which included younger patients with a mean age of 4.4 years, 
found a 20% reduction in height velocity and a 50% reduction in weight gain in treated 
children.6 Although the common belief asserts that decreased appetite is responsible for the 
slow growth, many of these children are not underweight, and the explanation for their slow 
linear growth is still unknown.

Chronic glucocorticoid therapy is another cause of short stature, mostly seen in children 
with such conditions as rheumatoid arthritis and infl ammatory bowel disease treated with 
daily oral prednisone. Th e eff ect on the growth of children treated long-term with inhaled 
corticosteroids for asthma is clearly much less than for systemic glucocorticoids, although 
monitoring of linear growth may occasionally detect evidence of growth suppression.

Endocrine Disorders
Th e Utah Growth Study reported that less than 5% of short, slowly growing children had a 
defi ned endocrine disorder.2 A major clue that an endocrine cause may exist is that height 
is often more aff ected than weight.

Growth hormone (GH) defi ciency is not a common cause of short stature. In the Utah 
Growth Study the incidence in school aged children was estimated at 1:3,480.2 A 2004 
study from Belgium, which considered all children diagnosed with GH defi ciency between 
1985 and 2001, estimated the incidence at 1:5,600.7 Th e diagnosis should be suspected in 
children who are well below the third percentile in height and falling further below over 
time. One suggestive physical fi nding is an increase in subcutaneous fat that is greater in 
the trunk area than elsewhere. Most cases are congenital; birth weight is usually normal but 
a falloff  in growth occurs starting late in the fi rst or in the second year of life. In the much 
less common acquired cases, a period of normal growth is followed by deceleration; central 
nervous system symptoms such as severe recurrent headaches may be part of the clinical 
picture. Once a diagnosis of acquired GH defi ciency is established, the endocrinologist will 
order brain imaging to look for a tumor in the area of the pituitary gland. Milder or partial 
forms of GH defi ciency are diffi  cult to distinguish from CGD and FSS based on growth 
pattern, physical fi ndings, and laboratory tests. Th e apparently higher frequency of GH 
defi ciency in recent years is, in large part, because GH testing done in the United States 
has many false-positive results, and many normally growing children fail the test using the 
accepted cutoff  of 10 ng/mL.8

Acquired hypothyroidism, when severe, can cause slowing of growth or even complete 
growth arrest. Other symptoms, including fatigue and cold intolerance, are often present, 
and most children will have a goiter. Acquired hypothyroidism needs to be excluded as a 
possibility in any child with documented growth deceleration, even if height is still above 
the third percentile.

Although iatrogenic Cushing syndrome is not uncommon, true endogenous Cushing 
syndrome is extremely rare. Rapid weight gain in the trunk, rather than generalized in dis-
tribution, accompanied by a slowing of linear growth are the key fi ndings. Moon facies and 
purple abdominal striae are often seen, as well as increased skin pigmentation.

Idiopathic Short Stature
Idiopathic short stature (ISS) is a term used to describe moderately to severely short children 
who do not meet the criteria for CGD and FSS (eg, they often have a subnormal rate of 
growth); and in whom no cause for their poor growth is found after extensive testing. Studies 
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have shown that most children with ISS respond to a variable degree to GH and see a modest 
average improvement in adult height.9,10 Th e US Food and Drug Administration (FDA) in 
2003 approved GH for children at or below the fi rst percentile with an anticipated adult 
height (based on bone age) below the normal range.9 However, some insurance companies 
refuse to cover GH to treat ISS, arguing that no medical condition causing the growth 
problem exists and that treatment is cosmetic.

 EVALUATION
History
Th e most helpful information in evaluating the short child is the growth curve. If the growth 
rate has been normal for the previous 2 or more years, then the child most likely has CGD 
or FSS and is unlikely to have a defi ned, treatable cause. A single height point that falls off  
the established curve is often a measurement error and should be rechecked. A history of 
stimulant medications or glucocorticoid use might be a key piece of information. Many 
children with chronic growth-limiting illnesses have a decreased energy level and may have 
a poor appetite, although many short, healthy children are also described as picky eaters. 
An abnormal stool history should make the PCP think of malabsorption, celiac disease, or 
infl ammatory bowel disease.

Heights of parents and grandparents and growth percentiles of siblings should be reviewed 
because they may suggest FSS in a healthy child who is short but growing at a normal rate. 
Approximately two-thirds of children with CGD have a family history of a parent who was 
a late maturer (eg, mother’s menarche after age 14 or a father who continued to grow after 
high school).

Physical Examination
Most short children do not have any physical fi ndings that point to a specifi c diagnosis. A 
child with decreased subcutaneous fat stores and weight more aff ected than height may 
simply not be getting enough calories or may have bowel disease or another chronic illness. 
Conversely, a short child who is relatively pudgy (particularly if excess rippled fat is present 
over the trunk) may have GH defi ciency. Dysmorphic features may provide a clue to a 
syndrome associated with short stature. In girls, the PCP should look for, among other 
things, a high-arched palate, cubitus valgus, and fi ngernails that bend upward, which may 
point to a diagnosis of Turner syndrome. An enlarged thyroid may be the only clue that a 
short child has hypothyroidism. Pubertal staging should be done on any short child who is 
10 years or older. A short, healthy 14-year-old boy (or, less often, a short, healthy 13-year-old 
girl) who is still prepubertal is most likely to have a diagnosis of CGD. A child who has a 
fl attened growth curve at 13 to 16 years of age and who, by examination, is found to be in 
the late stages of puberty has completed or has nearly completed growing, and nothing can 
be done to increase the individual’s adult height.

Laboratory Evaluation
Primary care physicians should resist the temptation to order multiple laboratory tests for a 
child who is only mildly short (at or above the third percentile) and whose growth rate seems 
to be normal. In this situation, a clinically signifi cant abnormal test result that will explain 
why the child is short is rarely found. Most growth specialists prefer either to order a very 
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few tests on such children or to perform no tests at all, particularly if everything points to 
a diagnosis of CGD or FSS.

Ordering screening tests in advance of a visit with a specialist might be appropriate if 
the child’s height is well below the third percentile or if growth deceleration that cannot be 
explained by medication is well-documented. However, the specialist can order any needed 
test at the fi rst consultation.

Insulin-like growth factor 1 (IGF-1) is still the best screening test if GH defi ciency is 
suspected, although many children with CGD have IGF-1 levels that are borderline low for 
age. IGF-binding protein 3 has not lived up to its initial promise as a better screening test 
for GH defi ciency than IGF-1, and it is not worth ordering routinely. A random GH level 
is of no value because of the pulsatile nature of GH secretion.

Th yroid testing should be limited to free thyroxine (T4) and thyroid-stimulating hor-
mone (TSH) assessment, which will identify both primary and secondary hypothyroidism. 
Triiodothyronine (T3), T3 uptake, and thyroid antibodies are not helpful as screening tests 
for short children. A borderline increased TSH (in the 5.5- to 10-mcU/mL range) with a 
normal free T4 is usually a normal variation and will not explain poor growth.

Complete blood count and erythrocyte sedimentation rate are mainly useful in the occa-
sional child in whom infl ammatory bowel disease is suspected. A microcytic anemia may 
be a clue to occult GI blood loss. Either tissue transglutaminase immunoglobulin A (IgA) 
antibody or antiendomyseal antibody are good tests to screen for celiac disease. Antigliadin 
IgG and IgA are much less specifi c and are not worth the extra cost.

A comprehensive metabolic profi le will rule out electrolyte disturbances, kidney disease, 
and liver disease, all of which are rare causes of short stature.

Imaging Studies
Th e only radiographic examination that should be considered is the bone age fi lm, which is 
not a very useful diagnostic test because most children who are short for any reason (aside 
from genetic short stature) will have a bone age delay of a year or more. Th e clinician may 
order a bone age fi lm in a child over 7 to make a height prediction when either CGD or 
FSS is suspected.

 MANAGEMENT
Healthy children who are at or above the third percentile and growing at a normal rate 
need not be referred to a specialist because the chances of fi nding a treatable cause for 
their short stature are small. If the parents insist on seeing a specialist, then they should 
be told that the child will not likely need or be eligible for coverage of GH therapy.11 Such 
children should have their growth carefully measured and plotted at each visit to make 
sure they are not dropping below the third percentile in height. A few children report 
having poor self-esteem because they are shorter than most of their peers, and they may 
be subjected to teasing or bullying; referral to a psychologist may be more helpful than 
to an endocrinologist.

Infants or children who are maintaining linear growth at or above the third percentile but 
whose weight is consistently below or has recently fallen below the third percentile almost 
never have an endocrine problem. If weight gain is slow but fairly consistent in a thin child, this 
may be a norrmal variation; parents may say that they were thin at the same age. If weight gain 
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is persistently poor or there is weight loss, then referral to a GI or nutrition specialist should 
be considered.

Th e child who is still in the normal range but who is crossing percentiles may present a 
dilemma. Between 6 and 24 months, such percentile shifts in height and weight are common, 
especially in patients with CGD, and a stable growth curve is usually established between 2 and 
3 years of age12; therefore referral may be deferred if the child is healthy.10 If the child crosses 
1 percentile channel (eg, from the 25th to the 10th percentile) over 3 or more years, and if 
the history and examination reveal nothing abnormal, then a cause will not likely be found. 
Children who cross more than 1 percentile channel in a period of less than 3 years have a greater 
chance of having a defi nable cause for their short stature. Th e most common cause of this 
growth pattern is the use of stimulant medication in children with attention-defi cit disorder.

Parents of children who are short enough to be referred can be told that screening tests 
and a period of observation are needed before any decision can be made regarding the 
possible need for GH therapy. Such children are best referred between the ages of 3 and 
6; children who are pubertal or on the verge of puberty are usually too old to derive much 
benefi t from GH therapy.

When to Refer

• Any child whose height is below the third percentile, particularly if the height is falling 
further below the normal range over time. Children who are below the fi rst percentile 
have an even better chance of qualifying for GH therapy because they are more likely 
to have true GH defi ciency; and if they do not have GH defi ciency, then they may still 
meet the FDA criteria for GH treatment for ISS.

• A child with a history of intrauterine growth retardation who was born SGA and who 
has not caught up to the normal range by age 2 years or older. Th e FDA has approved 
the use of GH in such children without the need for GH testing. A dysmorphic child 
with a history of intrauterine growth retardation should also be referred to a geneticist to 
try to make a specifi c diagnosis.

• A child who is within the normal range in height but has experienced a drop-off  in linear 
growth of more than 1 percentile channel over a period of less than 3 years, or who has 
shown documented growth arrest for a year.

• A child with short stature who has not started puberty by age 14. Th is situation 
occurs mostly in boys with CGD; and in many cases, when the boy is anxious to start 
his growth spurt sooner rather than later, treating such boys with a brief course of 
testosterone injections is appropriate.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Th e Short Child: A Parents’ Guide to the Causes, Consequences, and Treatment of Growth 

Problems (book), Warner Wellness Books

Medical Decision Support
• Clinical Longitudinal Standards for Height and Height Velocity for North American 

Children (article), Th e Journal of Pediatrics, Volume 107, Issue 3, 1985
• Utah Growth Study: Growth Standards and the Prevalence of Growth Hormone Defi ciency 

(article), Th e Journal of Pediatrics, Volume 125, Issue 1, 1994
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Chapter 71

Sleep Disturbances 
(Nonspecifi c)

Mark L. Splaingard, MD; Anne May, MD

Sleep is necessary for human development and well-being, yet it has unique vulnerabilities 
in childhood that can manifest, for example, as central congenital hypoventilation syndrome 
or the inability of most primary school–aged children to awaken to very loud noises such as 
fi re alarms during slow-wave sleep.1 Estimates of prevalence in children vary most widely for 
behavioral sleep problems like insomnia, as opposed to organic sleep problems like obstruc-
tive sleep apnea (OSA), with interesting cultural and ethnic variations. Underreporting by 
parents and underdiagnosis by primary care physicians have been issues,2 with sleep problems 
conservatively estimated to occur in approximately 25% of healthy children younger than 
5 years and in up to 80% of children with special needs. Because many sleep diffi  culties can 
be managed successfully in the primary care setting, pediatricians are ideally positioned to 
anticipate, recognize, and treat most sleep problems and to refer children to a specialist when 
appropriate. Successful management of pediatric sleep problems often results in improved 
sleep and daytime function for all members of the household.3

A strong subjective component can be found for many pediatric sleep problems, as in 
the typical case of the toddler with night awakenings who wants to get in the parental bed:
• Th e parents in family A do not consider this desire as a problem. Both parents are good 

sleepers and do not care if their child sleeps in their bed.
• Th e parents in family B believe strongly that the child does not belong in their bed and 

that their bedroom is the only place they have to themselves.
• Th e mother in family C lives with her own mother and is raising two children. Th ey live 

in a small apartment in which the two children share a bed.
• Th e parents in family D own a bed-and-breakfast business and live on the premises. 

Th ey do not want their child in their bed but cannot aff ord to have a crying child wake 
the guests.

• Th e parents in family E have let their child into their bed in the past, but another infant 
is due in 3 months, and they would like their child to transition to spending the night 
in her own bed.
Th ese examples illustrate the variety of responses to a common sleep issue in the young 

child. All of these families have caring parents and normally developing toddlers. Some of the 
parents regard the behavior as a sleep problem, whereas others do not. Th e parents in family B 
are more likely to consult a pediatrician about the child’s sleep than the parents in family A.

Some sleep problems such as OSA are more likely to be acknowledged as problems by 
most families, although perceptions may vary. A hearing-impaired parent may not complain 
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of a child’s snoring. A parent who is a light sleeper is more likely to take note of a child’s 
sleep disruptions than a parent who is a sound sleeper. Parents frequently consult pediatri-
cians about sleep issues, and the pediatrician should recognize the range of sleep problems 
and the variability in parental perception of these problems.4

 DEVELOPMENT OF SLEEP
Th e development of physiologic sleep patterns is predictable (Table 71-1). It begins in utero; 
by 28 weeks gestational age, rapid eye movement (REM), or active sleep, can be discerned 
via fetal ultrasound. Non–rapid eye movement (NREM), or quiet sleep, appears at 32 weeks 
gestational age. At term, newborns have discrete sleep cycles, lasting 50 to 60 minutes, with 

Table 71-1
Sleep Developmental Milestones

GESTATIONAL 
AGE (WK) SLEEP PATTERNS

10 Spontaneous fetal movements are identifi ed.

24 Neither quiet nor active sleep can be identifi ed between 24 and 26 weeks. Early 
premature (24–27 weeks) neonates have atypical sleep state characteristic of 
active and quiet sleep.

28 Active sleep is identifi ed by 28 to 30 weeks by eye, body, and irregular respiratory 
movements. Chin tone does not become tonic before 36 weeks. Rhythmic cycling 
period of activity and quiescence is identifi ed between 28 and 32 weeks.

30 Typical sleep states begin to emerge at 30 weeks.

32 Tracé alternant pattern associated with quiet sleep appears at 32 to 34 weeks. 
Occipital predominance of delta activity is striking at 31 to 32 weeks. At 32 weeks, 
EEG differences among wakefulness, active sleep, and quiet sleep develop.

34 Active sleep is 60% of TST.

37 Sleep organization at 37 weeks similar to term newborn.

40 Sleep onset through active/REM (REM within 15 minutes of sleep onset). Three 
distinct sleep states in term newborn: (1) REM (active), (2) NREM (quiet), and (3) 
indeterminate. Newborn sleeps 16 to 17 of 24 hours. Active sleep 50% of TST in 
term infant. Newborn sleep cycle is 50 to 60 minutes (range, 30–70 minutes), 
58% active, and 39% quiet. Periodic breathing is noted, particularly in active sleep.

46 Tracé alternant present in quiet sleep in normal infants is not seen after 46 weeks.

48 Sleep spindles appear. Premature infants show spindle development approximately 
4 weeks in advance of full term. Periodic breathing becomes rare after 48 weeks.

3 months NREM sleep stages begin to appear. By 3 months, sleep-onset REM is no longer 
present. By 3 months, 60% of sleep is quiet sleep, and 40% is active sleep. Lack of 
sleep spindles after 3 months is associated with hypothyroidism.

4 months Sleep shifts to nighttime settling by 12 to 16 weeks. Slow-wave sleep recognized at 
3 to 4 months. Adult sleep stages at 4 to 5 months. Infant asleep 14 to 15 hours a 
day by 4 months. By 16 weeks, sustained wake periods are as long as 3 to 4 hours.

6 months By 6 months, 90% of infants have more NREM sleep than REM sleep.

8 months REM sleep occupies 30% of TST. Total sleep duration is 13 to 14 hours a day by 
6 to 8 months of age.

EEG, electroencephalogram; NREM, non–rapid eye movement; REM, rapid eye movement; TST, total 
sleep time.
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awakenings every 2 to 6 hours. Th ese sleep cycles are composed of alternating periods of 
equal amounts of quiet and active sleep. Quiet sleep is characterized by body stillness, regular 
respirations, and normal muscle tone. During active sleep, the infant has decreased muscle 
tone with frequent body movements, including eye movements and irregular respirations. 
Th e total daily amount of reported sleep at 1 month of age ranges widely from 9 to 19 hours, 
with an average of 14 hours (Table 71-2).

By 4 months of age, mature sleep stages begin to emerge, and day–night sleep patterns are 
well consolidated. Infants have their longest sleep periods at night and 3- to 4-hour periods 
of wakefulness during the day. By 6 months, circadian rhythms begin to display activity 
similar to rhythms in adults and are well established by 1 year of age. By 3 years of age, the 
child reaches an adult pattern of sleep, with each discrete cycle of NREM and REM sleep 
lasting 70 to 100 minutes.6

At the beginning of the night, a child progresses rapidly through stage N1 and stage N2 
sleep and enters slow-wave sleep (stage N3) for much of the fi rst third of the night. During 

 Table 71-2 
Average Sleep by Age

AGE

TOTAL SLEEP 
DURATION 

(hr) 2%–98%

MEAN DAYTIME 
SLEEP DURATION 

(hr)

DAYTIME 
NAPPING 
CHILDREN 

(%)

1 mo 14 9–19 5.5 100

3 mo 14 10–18.5 5.0 100

6 mo 14.2 10.4–18.1 3.4 100

9 mo 13.9 10.5–17.4 2.8 100

12 mo 13.9 11.4–16.5 2.4 100

18 mo 13.6 11.1–16 2.0 96

2 yr 13.2 10.8–15.6 1.8 87

3 yr 12.5 10.3–14.8 1.7 50

4 yr 11.8 9.7–14.0 1.5 35

5 yr 11.4 9.5–13.3 0 8

6 yr 11.0 9.3–12.6 0 5

7 yr 10.6 9.2–12.1 0 1

8 yr 10.4 9.0–11.7 0 0

9 yr 10.1 8.8–11.4 0 0

10 yr 9.9 8.6–11.1 0 0

11 yr 9.6 8.3–10.9 0 0

12 yr 9.3 8.0–10.7 0 0

13 yr 9.0 7.7–10.4 0 0

14 yr 8.7 7.3–10.1 0 0

15 yr 8.4 7.0–9.9 0 0

16 yr 8.1 6.6–9.6 0 0

Adapted from Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to adolescence: 
reference values and generational trends. Pediatrics. 2003;111(2):302–307.
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slow-wave sleep, the child is diffi  cult to awaken. (Many parents will recognize this period as 
the time of night that they can vacuum or listen to loud music without waking the child.) 
Subsequent sleep cycles have decreased amounts of slow-wave sleep and increased amounts 
of stage N2 sleep and REM sleep. Dreaming takes place mainly during REM sleep. REM 
episodes become longer and more intense later in the sleep period; thus, children are more 
likely to complain of bad dreams during the last portion of the night. In addition, sleep-
disordered breathing (SDB) is likely to be most prominent during REM sleep. Th is tendency 
is important to recognize, given that this time of night is when parents are least likely to be 
awake and watching the sleep patterns of their children.

Th e amount of sleep that children need varies by age, but most children in the early 
school years need at least 10 hours of sleep (see Table 71-1). Children who are sleep 
deprived are sometimes sleepy but are more often irritable, inattentive, or hyperactive. 
Adolescents need sleep as much as younger children do, but they are less likely to get as 
much sleep as they need.

Humans have internal clocks that operate on a cycle of approximately 24 hours. Th ese 
24-hour cycles, known as circadian rhythms, are controlled by the hypothalamic suprachias-
matic nucleus. Most people have cycles that are not exactly 24 hours in length, and external 
time cues help reinforce the 24-hour schedule. Th e time cues are known as zeitgebers (German 
for time givers). Th e most powerful cue is exposure to bright light; other cues include social 
interaction, food, and exercise. Circadian rhythms are usually synchronized or entrained 
with light–dark cycles. Infants develop these circadian rhythms over the fi rst few months of 
life, with rhythmic secretion of melatonin by 12 weeks in term infants. Circadian rhythm 
sleep disorders occur when a person’s sleep is of normal duration but occurs at a time that 
does not allow adequate sleep in the context of the person’s life. For example, an adolescent 
who is unable to fall asleep until 4:00 am and cannot wake before noon is said to have a 
circadian rhythm disorder (sleep-phase delay) and is likely to have problems functioning in 
a usual school environment. If, however, a person with the same sleep-phase delay works at 
night, then the sleep-phase delay is not considered a disorder.

 SLEEP EVALUATION
Children rarely complain of sleeping problems. A parent or other caregiver usually initi-
ates the diagnostic evaluation. Th e most common complaints are the child’s inability to 
fall asleep or remain asleep, daytime sleepiness, and abnormal behaviors during sleep 
(snoring, gasping, or yelling). In sorting out a concern about sleep, history is the major 
initial diagnostic tool.

Questionnaires for general screening or for evaluating sleep complaints may be helpful in 
gathering data in busy practices. One simple, 5-item pediatric sleep screening instrument is 
BEARS (Bedtime problems, Excessive daytime sleepiness, Awakenings at night, Regularity 
and duration of sleep, and Snoring).7 Th e key areas explored on the BEARS parent question-
naire can lead to further open-ended questions by the practitioner to determine the level of 
parental concern (or to elicit maladaptive patterns if no concern is expressed) and to help 
formulate a diff erential diagnosis (Table 71-3). Having the parents keep a sleep chart is 
helpful (Figure 71-1); it may demonstrate a consistent pattern, which may improve with the 
use of sleep hygiene principles (Box 71-1). A general medical, developmental, and mental 
health history assessment should include any medications, herbal products, drugs, alcohol, 
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Table 71-3
Questions to Clarify Sleep Problems

QUESTIONS TO CLARIFY

TO THE PARENTS

Do you have any concerns about the child’s sleeping? Problem versus disorder

How do you think the child is sleeping compared with other 
children of similar age?

Traumas or stress

When and how did the child’s sleep problems start? Secondary gain

Did other changes in the child’s life occur around this time? Traumas or stress

• What methods have you tried to solve this problem?
• What ideas have you had about solving this problem?
• What have others told you about this problem?

What is the atmosphere in the room where the child sleeps 
with regard to temperature, darkness, noise, presence of 
siblings, and type of bed?

Environmental sleep disorder

When is the last time the child eats before falling asleep? Inadequate sleep hygiene
Sleep-onset association disorder

Does the child consume any caffeine or nicotine in the 
evening?

Insomnia caused by substance or 
drug effects

What is the child doing just before bedtime? Inadequate sleep hygiene
Limit-setting disorder
Bedtime resistance

What routines do you use to put the child to bed? Inadequate sleep hygiene
Limit-setting disorder
Bedtime resistance

What exactly do you do at bedtime? Sleep-association disorder

How does the child act at bedtime? Bedtime resistance

Where and with whom does the child sleep? Sleep-association disorder

What does your spouse or partner think about this 
arrangement?

Family confl ict

Who else has something to say about the child’s sleeping? Family confl ict

Is the child already asleep when you put him or her in the 
crib or bed?

Sleep-association disorder

What time is the child put in bed? Limit-setting disorder
Inadequate sleep hygiene
Circadian disorders

What time is the child asleep? Limit-setting disorder
Inadequate sleep hygiene
Circadian disorders

Does the child do anything unusual during sleep?
Snoring, gasping, apnea?

Sleep-disordered breathing

Leg kicking, thrashing? Periodic limb movements, restless 
leg syndrome

Bed wetting? Nocturnal enuresis

Shaking, screaming? Nocturnal seizures
Parasomnias

Continued
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Table 71-3
Questions to Clarify Sleep Problems

QUESTIONS TO CLARIFY

TO THE PARENTS

What times does the child wake up? Night feeders
Sleep-association disorder

How does the child appear, or what does he or she do after 
waking?

Parasomnias
Developmental night waking
Trained night feeders
Seizures

What works to resettle the child? Sleep-association disorder
Trained night waking
Trained night feeding
Gastroesophageal refl ux

How is that process for you? Secondary gain

Does the child snore or seem to stop breathing during 
the night?

Sleep-related breathing disorder

What time is the child up for the day? Circadian disorders
Mood disorders

Is the schedule the same on weekends, or does the child 
sleep in?

Limit-setting disorder or 
sleep-phase delay

How does the child wake up in the morning? Circadian disorder or 
sleep-phase delay

When you wake the child, does he or she seem rested and 
cheerful?

Circadian disorder or 
sleep-phase delay
Inadequate sleep

What time does the child eat in the morning? Circadian disorder or 
sleep-phase advance
Limit-setting disorder

If older than 3 years, does the child remember what 
happened during the night?

Parasomnia (not remembered)
Nightmares (remembered)
Panic attacks (remembered)

Does the child fall asleep during the day? If so, then when, 
where, and for how long?

Circadian disorders
Idiopathic hypersomnia 
or narcolepsy

How is the child settled for naps? Sleep-association disorder
Limit-setting disorder

Does the child sleep differently at other people’s houses? 
If so, then how?

Sleep-association disorder
Limit-setting disorder

Has the child ever been given any medications for sleep? Insomnia caused by a psychiatric 
or behavioral condition

What was the medication? How did it work?  

Has anyone in the family ever had sleep problems? Did either 
of you have sleep problems as kids?

Genetic factors (short or long 
sleeper)

TO THE CHILD  

What do you think about before you go to sleep? Anxiety or mood disorder
Limit-setting disorder

—cont’d
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Table 71-3
Questions to Clarify Sleep Problems

QUESTIONS TO CLARIFY

TO THE CHILD  

How do you feel when you wake up in the night? Nightmares
Disorders of arousal
Anxiety or mood disorders

Do you still feel sleepy in the morning? Inadequate sleep
Circadian disorder or 
sleep-phase delay

How do you feel about this sleeping problem? Anxiety
Secondary gain

What do you think your parents should do about this? Secondary gain

How are your concentration and grades at school? Sleep-related breathing disorder
Sleep-phase delay
Periodic limb movements disorder
Narcolepsy
Idiopathic hypersomnia

—cont’d

  mid-            mid-
 Day night 2:00 4:00 6:00 8:00 10:00 noon 2:00 4:00 6:00 8:00 10:00 night

Leave blank the periods your child is awake.

Fill in the times your child is asleep with shaded boxes.

Mark your child’s bedtimes with arrows pointing downward.

Mark the times your child gets up in the morning and 
after naps with arrows pointing upward.

AM PM

Tuesday

Monday

sleep

sleep

sleep

sleep

sleep sleep

nap

nap

Patient Name:  _________________________________

Medical Record No:  ____________________________ 

Date of Birth:  _________________________________ 

Sleep Chart

A

Figure 71-1
A, Sleep log. 

Continued



Signs and Symptoms in Pediatrics834

  mid-            mid-
 Day night 2:00 4:00 6:00 8:00 10:00 noon 2:00 4:00 6:00 8:00 10:00 night

Leave blank the periods your child is awake.

Fill in the times your child is asleep with shaded boxes.

Mark your child’s bedtimes with arrows pointing downward.

Mark the times your child gets up in the morning and 
after naps with arrows pointing upward.

AM PM

Tuesday

Monday

sleep

sleep

sleep

sleep

sleep sleep

nap

nap

Patient Name:  _________________________________

Medical Record No:  ____________________________ 

Date of Birth:  _________________________________ 

Sleep Chart

B

Figure 71-1, cont’d
B, Sleep log showing sleep-phase delay.

or tobacco use. Given that many sleep disorders have a strong familial component, a history 
of parental sleep issues may be helpful.

Parental perceptions and diff erences of opinion about sleep often are critical in problem-
solving eff orts. Co-sleeping (one or both parents sharing a bed with one or more children) 
serves as a good example of this point. Co-sleeping is a common practice in many cul-
tures and households. When it is agreeable to both parents, co-sleeping is not associated 
with greater-than-average behavioral or emotional problems in the child. If, however, co-
sleeping is a source of discord between parents or refl ects a parent’s inability to manage the 
child’s behavioral bedtime problems, then it should be addressed as a sleep problem. When 
co-sleeping is planned, parents should agree on the desired duration. Th e pediatrician may 
help the parents by telling them that this arrangement is easier to change before 6 months 
of age (if an end is intended during infancy). Bed sharing with infants remains controversial 
particularly with mothers who smoke and when the infant is younger than 11 weeks.

Parental mental health needs to be screened in assessing sleep diffi  culties because the 
emotional stability of parents may aff ect both the perception of problems in children 
and the ability to carry out a treatment plan. Histories from babysitters or relatives who 
observe the child’s sleep may be diagnostic, especially when problems seen at home are 
not seen in these settings. Th e family may provide audiotapes or videotapes that may 
be helpful.
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Th e history is often diagnostic, but some patients need an overnight sleep study for 
further assessment. An overnight sleep study or polysomnogram consists of the following:
• Electroencephalogram (EEG) to identify sleep stages
• Electromyelogram of chin activity to help identify decreased tone during REM sleep
• Leg electromyelogram to measure leg movements
• Electrooculogram to identify eye movements seen in REM sleep
• Electrocardiogram to monitor cardiac rate and rhythm
• Nasal and oral thermistors to measure airfl ow
• Th oracic and abdominal belts to measure chest and abdominal movements during 

breathing (helpful in demonstrating increased or decreased respiratory eff ort)
• Pulse oximetry to measure oxygen saturation
• End-tidal carbon dioxide monitoring to indirectly measure hypoventilation

BOX 71-1

Sleep Hygiene Principles
General principles of sleep hygiene apply at 
any age, but specifi cs may vary with the 
child’s age.
1. Establish a good sleep environment that is 

dark, quiet, and comfortable and has a 
steady, slightly cool temperature. Sleep 
should be in the same place for night and 
naps as much as possible. Th e bed or crib 
should be used as a place for sleep and not 
as play area or playpen while awake.

2. Establish a soothing bedtime routine that 
involves friendly interaction between the 
parent and the child. Th is routine may 
include a snack and then tooth brushing, 
use of the toilet, and then story, prayer, 
or talking time with children in their own 
bed. Th e parent should leave the room 
while the child is still awake.

3. Infants should be fed in a parent’s arms 
and placed in the crib without a breast or a 
bottle in their mouth. Avoid excessive feed-
ing close to bedtime to reduce the need to 
void during the night.

4. Th e child should be put to bed when mod-
erately tired to reduce bedtime resistance.

5. For children whom the parents would like 
to have sleep in their own crib, teach them 
the skill of falling asleep on their own by 
avoiding pacifi ers or body contact with the 
parent as they drift to sleep (self-soothing). 
Th is method enables children to go back 
to sleep on their own after waking during 
the night.

6. Avoid changing the routine because 
of demands or tantrums at bedtime, 
which can quickly develop into a 
pattern.

7. No television, computer, or any elec-
tronic screens should be in the child’s 
room because research shows that video 
screens will prolong sleep onset and 
delay bedtime. It is advisable to enforce 
an electronic curfew for older children 
and adolescents to fascilitate preparation 
for sleep without distraction and also 
prevent further use during the night 
without parental supervision.

8. Try to keep a consistent schedule for 
bedtime, naps, and morning wake up, 
which will help the child maintain 
regular circadian rhythms. Naps 
should not be taken too close to 
bedtime.

9. Remember that television programs and 
movies may be frightening or stimulating. 
Arguments between parents or other 
family members may also be distressing. 
Try to keep the household atmosphere 
calm in the evening.

10. Keep track of activities that seem to 
lead to sleeping problems. If active play 
or video games lead to problems, then 
stop them 1 or 2 hours before bedtime. 
Caff eine and nicotine can disrupt sleep. 
Avoid caff eine at least 6 hours before 
bedtime.



Signs and Symptoms in Pediatrics836

All of these measurements provide clinically useful information about sleep stages, sleep 
disruption, respiratory status during all sleep stages, leg movements, and changes in cardiac 
rate and rhythm during sleep. Th e sleep study also provides a picture of the relationship of 
sleep-related measurements. For instance, OSA may cause arousals, cardiac deceleration, 
and oxygen desaturation; these fi ndings may be mild during NREM sleep but profound 
during REM sleep.

Overnight sleep studies are attended by a sleep technologist who attaches monitoring 
sensors and adjusts them during the night. Th e technologist also provides observations about 
the child’s sleep that may be invaluable in making an accurate diagnosis.

Extended-montage video electromyelograms may be incorporated into the polysom-
nogram to diagnose nocturnal seizures. Haplotyping, karyotyping, or fl uorescent in situ 
hybridization studies can be helpful for diagnosing some of the genetic conditions associated 
with sleep disorders such as congenital central hypoventilation syndrome, Rett syndrome, 
Smith-Magenis syndrome, and Prader-Willi syndrome.

 CLASSIFICATION OF SLEEP DISTURBANCES
Sleep disturbances in children can be categorized according to the International Classifi cation 
of Sleep Disorders, second edition.8

• Behavioral insomnia of children
• Sleep-related breathing disorders
• Circadian rhythm disorders
• Parasomnias
• Sleep-related movement disorders
• Hypersomnias

 MATURATIONAL OR BEHAVIORAL ISSUES
Day–Night Reversals
Th e earliest parental complaint about sleep is often day–night reversal, occurring around 
2 weeks of age. Th is problem is predictable because consolidated nocturnal sleep has not yet 
developed. Parental concerns provide the pediatrician a valuable opportunity to assess paren-
tal coping skills and help parents understand the normal unfolding of the child’s physiologic 
regulation. Day–night reversals can be shifted by establishing a general bedtime, keeping 
the lights off  or low, and keeping handling and interaction to a minimum during nighttime 
feedings. In the morning, lights should be bright and social interaction encouraged. Lack 
of sleep at this age is unusual and should alert the clinician to medical problems, especially 
if associated with irritability.

Delayed Settling
Another common problem is a delay in the much desired milestone of sleeping through the 
night. One defi nition of settling or sleeping through the night is 5 hours of continuous sleep 
after midnight for 4 consecutive weeks. Unrealistic parental expectations for sleeping through 
the night are common, and pediatricians need to carefully address misperceptions about how 
well a child should sleep. Anders observed that 44% of parents of 2-month-olds reported 
that their child slept throughout the night when, in fact, actual recording on time-lapse 
videotape showed that only 15% actually slept throughout the night without awakening.9
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Th e issue of sleeping through the night may have important ramifi cations for the breast-
feeding infant. Despite the widely recognized and undisputed advantages of human milk for 
infants, the duration of lactation in the United States is still well below the recommended goal 
of 50% at 6 months in all ethnic groups.10 Th e perceptions of normal maternal and infant 
sleep patterns may be an important factor in failure to sustain lactation. Although breastfed 
infants are typically assumed to feed more frequently and have shorter meal intervals than 
bottle-fed infants, widely disparate diff erences in sleep patterns, crying, fussiness, and colic 
behavior between breastfed and bottle-fed infants have been reported. Th e perception that 
breastfed infants typically settle at an older age than bottle-fed infants and awaken more 
frequently at night is quoted in the popular press as an advantage of formula feeding. As a 
corollary, a mother’s need for an uninterrupted night’s sleep may inadvertently promote the 
early cessation of breastfeeding.

In fact, breastfeeding need not be associated with increased night wakening by 
12 weeks of age; both breastfed and bottle-fed infants can respond to behavioral 
interventions aimed at increasing sleep time during the night.11-13 Additional evidence is 
emerging that continuing lactation can actually increase maternal slow-wave (restorative) 
sleep because of increased circulating prolactin levels.14 Th e circadian rhythm of tryptophan 
secretion in mother’s milk may help promote nocturnal infant sleep and is being mimicked 
by investigation of varying amounts of tryptophan in day–night formulas.15

Infants who appear to have a low threshold of sensitivity by temperamental disposition 
also tend to settle later. Premature infants tend to settle around the time expected for their 
gestational age, although variability is greater than among full-term infants. Delays in cen-
tral nervous system (CNS) maturation often are associated with delays in settling. Infants 
with frank neurologic impairments may not only be delayed in settling but also have other 
medical issues that need to be addressed to allow settling to occur.

Sleep-Onset Associations
Infants and children develop habits of falling asleep in accustomed circumstances, such 
as in a bed, in a parent’s arms, or while being fed. Th ese sleep-onset associations may begin 
in the fi rst 2 months of life and are one of several behavioral causes for insuffi  cient sleep 
outlined in Table 71-4. Sleep-onset association may be viewed as a problem by the fam-
ily when a child older than 6 months needs prolonged parental assistance to fall asleep at 
the beginning of the night and after each nocturnal arousal. Th is pattern is a conditioned 
response, and the child is unable to fall asleep unless the conditions allowing sleep onset are 
recreated. Parents may complain that their own sleep is severely disrupted because they need 
to help the infant resettle several times each night. Treatment is straightforward—the child 
learns to make the transition from wake to sleep without expecting a parent’s participation. 
Parents should be advised to place the infant while still awake into the crib for both night 
and naps starting by 48 weeks postgestational age. A helpful tactic is for the infant’s bedding 
to have the mother’s scent for comfort. If a problematic sleep-onset association has already 
developed, then parents may need to institute a graduated extinction program (see below) 
to help infants older than 6 months learn to fall asleep on their own over several weeks.16

Although graduated extinction is a very eff ective treatment, parental distress is a common 
issue during the initial portions of employing an extinction strategy. Warning parents what to 
expect and addressing fears about harming or creating a sense of abandonment in the child 



Signs and Symptoms in Pediatrics838

may alleviate some parental concern. Successful treatment will require consistency, and it is 
important that all nighttime caregivers are able to implement the extinction technique. If 
the parents are uncertain that they will be able to consistently implement extinction strategy, 
it may be advisable to delay treatment until that is possible. Parents should be educated that 
the extinction process may take longer if the disruptive sleep pattern becomes more well-
established as the child becomes older.17

Limit-Setting Disorder
Bedtime routines should take 30 minutes or less. Consistently longer bedtime routines may 
refl ect parental diffi  culty in setting limits. Prolonged bedtime routines are often associated 
with multiple curtain calls for stories, hugs, water, and trips to the toilet. Toddlers and 
preschool children no longer sleeping in a crib may reappear after being put to bed, thus 
prolonging the routine. Th ese curtain calls are unintentionally reinforced by the parental 
attention needed to return the child to bed, even if done with obvious displeasure.

Th e best management of prolonged bedtime routines is prevention through reasonable 
daily schedules, assurance of adequate special individual time with each parent every day, 

Table 71-4
Causes of Insuffi cient Sleep in Children

PREVALENCE TREATMENT

BEHAVIORAL

Sleep-onset association 
disorder

30%–40% Education, extinction strategy

Limit-setting disorder Education, family counseling

Adjustment disorder Education, family counseling

Chronic sleep deprivation Common Education in sleep hygiene

Early school starting times Education; advocacy (petition school 
boards and legislature for later 
school start times)

Parent work schedule Education

Social activities Education

Idiopathic insomnia (diagnosis 
of exclusion; often made 
retrospectively)

Unknown Good sleep hygiene; hypnotics under 
investigation

Circadian rhythm disorder Education, morning light therapy

Delayed sleep phase Advance sleep phase

Sleep entrainment Intense sensory clues; regular or 
strict daily schedule; melatonin

Hypothalamic tumor Intense sensory clues; regular or 
strict daily schedule; melatonin

Blindness Intense sensory clues; regular or 
strict daily schedule; melatonin

Mental retardation Intense sensory clues; regular or 
strict daily schedule; melatonin

Reprinted from Givan DC. The sleepy child. Pediatr Clin North Am. 2004;51:15–31. Copyright 2004, with 
permission from Elsevier.
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and careful limit setting. Th is approach reduces the child’s separation anxiety as well as 
parental guilt. Th e bedtime routine should be limited to a defi ned set of activities or length of 
time. Parents may then either notify the child that they will not respond to further requests, 
or say “only one more” and adhere to this declaration. Parents should be warned to avoid 
responding to the excuses that will likely ensue. Having the parent promise to check the child 
frequently can also be reassuring. Bedtime should occur when the child is tired to enhance 
his or her tendency to fall asleep. Naps should not occur close to bedtime.

Positive reinforcement may enhance limit setting. Children who stay in bed without call-
ing out may be motivated by simple rewards with stickers in the morning or an extra story 
the following night. Parents may need coaching on limit setting or referral to a psychologist 
if discipline is a major problem, or they may benefi t from marital counseling if signifi cant 
discord exists regarding family life.

Bedtime Fears
Preschool and early school-aged children often have bedtime fears, which are often generated 
by stresses such as separation from parents, aggressive peers, sibling birth, or the death of a 
grandparent. Exposure to frightening movies or video games can also contribute. Th e child’s 
fears should be acknowledged, and he or she should be reassured that the parents will keep 
him or her safe. A ritual of the adult spraying for monsters may be helpful. Having the child 
help the parent buy a special fl ashlight to check out the room at night provides a sense of 
mastery. Older children benefi t from relaxation exercises accompanied by empowerment 
stories. A nightlight may be helpful.

Primary Insomnia
Primary insomnia can be seen in normal children but is generally transient and is a diag-
nosis of exclusion. It must last at least 1 month, interfere signifi cantly with functioning or 
cause signifi cant distress, and not be part of another medical, sleep, or mental disorder. Th e 
symptoms and signs of inadequate sleep are listed in Box 71-2.

Medication for primary insomnia in healthy children is controversial, but medications 
such as diphenhydramine, clonidine, and melatonin have been used in pediatric insom-
nia. Indiscriminate medication use can mislead physicians and families about the causes of 
insomnia and ignore the behavioral management needed.18

A disruptive sleeping environment may cause either sleep onset or sleep maintenance 
insomnia. Excessive noise or light, uncomfortable bedding, excessive room temperature, 

Box 71-2

 Symptoms and Signs of Inadequate Amount of Sleep
1. Excessive daytime sleepiness (rare in young

children)
2. Hyperactivity–impaired attention
3. Poor school performance–impaired con-

centration, vigilance

4. Behavior problems–bad mood, irritability
5. Obesity–possible link to inadequate sleep
6. Failure to thrive
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interference of pets, or outside noises are commonly found. Treatment is simply to eliminate 
or correct the environmental condition or distraction.

Other Diffi culties Falling Asleep
Dyssomnia, the term for insomnia that does not meet disorder criteria, occurs mainly in 
preschool-aged and older children. Th is problem includes environmental sleep disorder 
caused commonly by noise, pets, and temperature extremes. Revising the household routine 
to allow quiet for adequate sleep is necessary to resolve this dilemma (Table 71-5).

Awakenings From Sleep
Waking at night occurs in more than 80% of children and, of course, in infants who still 
need to feed. Night waking is only problematic when the child cannot return to sleep on 

Table 71-5
Causes of Sleep Fragmentation in Children

PREVALENCE TREATMENT

Behavioral 30%–40% of persons with 
sleep fragmentation

Sleep-onset association Education

PARASOMNIAS

Sleep terrors Education, good sleep hygiene, 
medication (rarely)

Sleep talking Education, good sleep hygiene

Somnambulism Education, good sleep hygiene, 
review safety issues

Confusional arousals Education, good sleep hygiene

SLEEP-RELATED BREATHING DISORDER

Sleep apnea 2% Adenotonsillectomy, nasal CPAP

Upper airway resistance 
syndrome

Unknown Adenotonsillectomy, nasal CPAP

OTHER MEDICAL

Asthma
Cystic fi brosis
Gastroesophageal refl ux
Nocturnal seizure

Medical management
Medical management
Medical management
Anticonvulsants

Periodic leg movements of 
sleep

3.9%–10% of adults; 2% of 
children; 20% of children with 
attention-defi cit/hyperactivity 
disorder

Iron replacement therapy; 
dopamine agonists; gabapentin

ENVIRONMENT

Co-sleeping, noise, pets Education, safety issues

CPAP, continuous positive airway pressure.
Reprinted from Givan DC. The sleepy child. Pediatr Clin North Am. 2004;51:15–31. Copyright 2004, with 
permission from Elsevier.
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his or her own. As many as 20% of 2-year-olds, 14% of 3-year-olds, and 6.5% of 5- to 
12-year-olds have problematic night awakenings.19 Common causes and treatment of sleep 
fragmentation and disrupted sleep continuity are outlined in Table 71-5. 

Sleep-Onset Association Disorder
TRAINED NIGHT FEEDING. In Western industrialized societies, between 60% and 70% 
of either breastfed or bottle-fed infants are reported to be settling or sleeping through the 
night by 12 weeks of age without any specifi c behavioral interventions.12,20 Nonetheless, 
some infants older than 6 months who wake up during the night are immediately fed 
to encourage their return to sleep. Th eir sleep cycle may be changed by the introduction 
of food to produce an arousal—basically, learned hunger—and they will consume a full 
feeding during the night. Trained night feeding should generally not be diagnosed before 
6 months postterm because of the frequent need for a feeding during the night in younger 
or premature infants. Infants who learned to sleep through the night and subsequently begin 
waking during the night and seem genuinely hungry are probably ready for solids (if they 
are older than 4 to 6 months) or need increased volumes or number of feeds during the day 
and evening if they are formula fed. Breastfed infants may respond better to more frequent 
evening feedings (cluster feeding) of smaller but richer (higher lipid content) human milk.

Trained night feeding can be prevented by teaching parents ways to recognize when 
an infant is fussy because of hunger and when fussiness arises from other causes, such as 
boredom. Parents should not automatically feed a fussy infant unless the infant appears 
hungry. Parents who go to their infants older than 4 months at the fi rst sound of stirring 
should also be encouraged to allow their infants the opportunity to return to sleep without 
intervention. Expectations of the appropriate need for a late (eg, 10:00 pm) feeding should 
be clarifi ed. Daytime feeding intervals can be adjusted gradually and any sleep associations 
retrained simultaneously. If night feedings are an established pattern, then the formula-fed 
infant can be fed 1 oz less each night. Th is tactic will usually help resolve trained night 
feeding in approximately 1 week.

TRAINED NIGHT WAKING. Waking at night without requiring a feeding in the infant 
between 4 and 8 months of age is called trained night waking. Th is pattern often begins 
when the infant is ill or subjected to travel or some other change in routine, but the pat-
tern may persist because the child gets a secondary reward from the parent’s attention. One 
parent may believe that quieting the infant quickly is necessary to avoid disturbing other 
family members or neighbors. In some instances, parents who have little time to spend with 
the child during the day enjoy this time with the child and reinforce the night waking by 
playing with him or her. Trained night waking is also increasingly common in infants who 
have diffi  cult temperaments.

Management of trained night waking that causes persistent family disruption requires 
management of the precipitant stress and, ideally, collaboration with the spouse or neigh-
bors to tolerate some crying during the treatment. Bedtime routines need to be established, 
perhaps with bedding or infant clothing with a maternal scent, and the infant should be 
put into bed awake. Daytime naps should be limited to 2 hours to consolidate the longest 
sleep period at night. When awakening during the night, the infant should be allowed 
1 to 2 minutes of crying before being checked, but not fed, and then checked every 2 to 
5 minutes in most circumstances. Th e infant may be touched but not picked up, rocked, or 
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cuddled. For success, this approach may require the more involved parent to take a shower, 
turn up music, or fi nd some other distraction. Brief sedation with diphenhydramine for the 
infant should rarely be needed to help modify this habit if the graded extinction techniques 
described previously are strictly applied.

DEVELOPMENTAL NIGHT WAKING. Although most infants are sleeping through the 
night by 6 months of age, many begin awakening again around 8 to 10 months of age. 
Th is new behavior, called developmental night waking, corresponds to several coincident 
developmental processes, including increased mobility, fear reactions to strangers, and object 
permanence (ability to remember and seek something or someone, like a parent, that is out 
of sight).

Th e best management is advising parents at the 6-month well visit to expect a recurrence 
of night waking. Because of diff erences in cultures, not all parents will see this circumstance 
as a problem. For parents who do, they should be advised to wait a few minutes before going 
to the infant but to avoid feeding or other reinforcement. If waking is already established, 
then the parents should have the contributing developmental forces explained and be advised 
to create a bedtime routine, including a transitional object and a dim nightlight. When the 
infant awakens, he or she should be given at least 2 minutes to self-soothe, with some fussing 
tolerated as part of the process. If fussing continues, then one parent can go to reassure the 
child briefl y, without touching or feeding, and settle down within sight to sleep the rest of 
the night without talking to the child. Th e child often becomes enraged instead of fearful, 
which is more tolerable to the parent, who can see that the child is safe. Some parents are 
more comfortable than others with this plan. For children who are no longer constrained to 
a crib, the parent must prevent body contact with the child by giving him or her the alter-
native that the parent will leave the room to avoid establishing a sleep association. Further 
interactions should be brief and minimally interactive. Eventually, the child will no longer 
require the parent’s presence to return to sleep after nocturnal awakenings.17

Sleep-Related Breathing Disorder
Th e pediatrician is often confronted with the problem of what to do with the child who 
snores. Snoring is common; OSA is less common.

Young children with SDB are usually not obese, unlike typical adult patients. Some groups 
of children are at particularly high risk for SDB, including those with craniofacial anomalies, 
chromosomal syndromes, and neuromuscular disorders. Children with Down syndrome, 
Prader-Willi syndrome, cleft palate, achondroplasia, muscular dystrophy, cerebral palsy, 
and other underlying disorders should be routinely screened for sleep problems.21 Although 
children with Down syndrome, for instance, typically have learning diffi  culties, treatment 
of SDB may result in improved daytime performance.

While many children with obstructive SDB improve after adenotonsillectomy, those 
with either obesity or asthma are more likely not to have complete resolution of symptoms.22 
On occasion, nasal continuous positive airway pressure (CPAP) or even tracheostomy may 
be required.

Th e question of whether all children should have sleep studies before undergoing adeno-
tonsillectomy is controversial. However, certain groups of children are clearly at higher risk 
for perioperative complications and may warrant polysomnograms as part of a preoperative 
evaluation, especially if outpatient surgery is being contemplated. Children younger than 
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3 years, children with morbid obesity or chromosomal or craniofacial anomalies, children 
with underlying neuromuscular disorders, and those with other underlying medical condi-
tions that make them higher-risk surgical patients should be considered for preoperative 
polysomnograms.22-24

Circadian Rhythm Sleep Disorder
The most common circadian rhythm disorder causing insomnia is a sleep-phase 
delay that is commonly seen in adolescents. Because the natural circadian cycle is 
approximately 24.5 hours, some individuals are vulnerable to shifting sleep cycles 
by approximately 30 minutes a day. Th is shift often results in diffi  culty waking in time 
for school in the morning. Morning battles with parents about waking for school are 
common. Phase-delayed adolescents often sleep very late on weekends and vacations and 
then fi nd falling asleep at a reasonable bedtime even more diffi  cult. Changing adolescent 
sleep-phase delay is very diffi  cult and requires intense commitment and active participa-
tion of the adolescent and parents with the use of bright light exposure in the morning 
and consistent wake times all 7 days of the week.

Some children who are deprived of normal circadian stimuli develop circadian rhythm 
disorders. Because zeitgebers that entrain normal circadian rhythm include light (especially 
sunlight that may be 100,000 lux), exercise, social activities, and eating, the fact that a child 
with cerebral palsy who is blind, wheelchair dependent, and fed by gastrostomy tube has 
diffi  culty with a varying sleep time is not surprising.

Other children have circadian rhythm problems that refl ect a chaotic home life. Some 
families do not adhere to predictable routines, allowing children to set their own schedules, 
resulting in seemingly bizarre sleep patterns. A circadian rhythm disorder may be diff erenti-
ated from an oppositional disorder by the child’s behavior pattern. A child with a circadian 
rhythm disorder may not resist going to bed but is unable to fall asleep. In the morning, the 
child is diffi  cult to arouse and does not feel rested.

A sleep-phase advance usually occurs in infants or toddlers who fall asleep early 
(7:00 pm) but then awaken early in the morning (3:00 am). Diff erent types of circadian 
shift can be adjusted by simultaneously shifting naps, bedtime, waking time, and meals 
to a desired schedule that matches the child’s total daily sleep needs.

In diffi  cult cases, the child can wear an actigraph, a small portable device similar to a large 
wristwatch, for several weeks. Th e device senses physical motion by means of an accelerometer 
and stores the information. Actigraphy provides a graphic illustration of a child’s sleep–wake 
schedule and can be a useful, noninvasive method for assessing specifi c sleep disorders such 
as insomnia, excessive daytime sleepiness, and circadian rhythm disorders (Figure 71-2).

Parasomnias (Partial Arousal Disorders)
Parasomnias are unusual behaviors or experiences that occur during sleep or the transition 
between sleep and wake. Parasomnias associated with partial arousal from slow-wave sleep 
are common in children. Th ey include confusional arousals, sleep terrors, and sleepwalk-
ing disorder (somnambulism). All of these episodes occur during arousal from slow-wave 
sleep, usually in the fi rst third of the night. Th e child appears confused or frightened and is 
unresponsive to parental intervention. Th e child is not fully awake and does not remember 
the event in the morning.
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Figure 71-2
Ten-year-old child with Down syndrome and nighttime G-tube feeding after brain injury. A, Random sleeping 
pattern with the child frequently awake at night. 
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Symptoms most often begin in childhood and resolve spontaneously, occasionally persist-
ing into adulthood (0.5%). Diagnosis is based on the timing of these symptoms (generally 
during the fi rst third of the night), the typical presentation, and the child’s lack of recall of 
the events when awake the next morning (morning amnesia). A strong familial component 
exists, and history often reveals that one or both parents had similar behaviors as children.

CONFUSIONAL AROUSALS. Young children may experience partial arousals from slow-
wave sleep, during which they sit up, mumble, and may appear awake; they seem confused 
and nonresponsive to parental questions. Th e prevalence of confusional arousals was 17% 
between ages 3 and 13 years in one study.25 Children may sometimes thrash about and 
respond combatively to parental attempts to intervene. Confusional arousals usually occur 

Figure 71-2, cont’d
B, Stabilized sleeping pattern using nighttime melatonin and morning phototherapy, and stopping G-tube 
feedings at night.
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in the fi rst third of the night, but a child may occasionally have multiple arousals, extending 
into the second half of the night, generally decreasing in intensity. Confusional arousals are 
most common when children are overtired or ill. Management includes reassurance that 
the episodes are generally benign, minimal intervention during episodes, and removal of 
potential safety hazards from the child’s bedroom. Treating disorders that may fragment 
sleep such as OSA and restless leg syndrome can be helpful. In severe cases, a few weeks of 
a benzodiazepine, such as lorazepam, at bedtime may interrupt the sequence by reducing 
slow-wave sleep. However, rebound occurs with discontinuation of the medication, often 
with an increasing number of events. A sleep study may help to confi rm the diagnosis and 
detect precipitating events such as OSA or nocturnal seizures in severe or atypical cases.

SLEEP TERRORS. Sleep terrors are partial awakenings from slow-wave sleep character-
ized by physiologic arousal including pallor, sweating, pupillary dilation, piloerection, and 
tachycardia. Th e child may sit up and scream and may appear terrifi ed. Th e child may thrash 
or run and is not responsive to attempted parental comforting. Th e child does not remember 
the event in the morning. Sleep terrors occur in 3% of children, usually starting between 
18 months and 5 years. Th ese episodes do not refl ect emotional disturbance, although, as 
with all NREM parasomnias, occurrence is increased with illness, stress, or sleep deprivation. 
A family history of sleep terrors, enuresis, somnambulism, or sleep talking is often present. 
Sleep terrors may be precipitated by fatigue, stress, a full bladder, or loud noises. Th ey tend to 
occur in bouts for several weeks and then disappear only to recur several weeks later. Parents 
need reassurance about the benign nature of sleep terrors and their tendency to resolve in 
approximately 95% of children by 8 years of age. Th e bladder should be emptied routinely 
before bedtime, and the environment should be kept dark and quiet. Th e bouts may occa-
sionally be interrupted by waking the child 15 minutes before the expected episode, generally 
occurring approximately 1 hour into sleep each night for approximately a week. A 30- to 
60-minute afternoon nap can also reduce the depth and amount of stage IV sleep and may 
decrease the number of episodes. Treatment with benzodiazepines can reduce the frequency 
of these events by altering slow-wave sleep, but episodes may recur when the child is weaned 
or when tolerance occurs. An investigation for nocturnal seizures with full EEG as part of 
a sleep study is indicated in intractable cases or those that have their onset in adolescence.

SLEEPWALKING DISORDER (SOMNAMBULISM). Approximately 15% of children 
sleepwalk at some time. Between 1% and 6% have 1 to 4 episodes per week, mostly 
between ages 4 and 12 years.26 Sleepwalking, as with other disorders of arousal, occurs 
mainly during slow-wave stage N3 sleep, generally in the initial 120 minutes of sleep. 
During sleepwalking, children are diffi  cult to arouse, are uncoordinated, and tend to wan-
der in illogical places, often urinating outside the toilet. Chronic sleepwalkers need to be 
carefully safeguarded so that they do not injure themselves. Door and window alarms and 
locks may be necessary. Amnesia of the event in the morning is common. Sleepwalking 
can usually be diff erentiated by history (regular timing, same movements) or videotapes 
from dissociative states or seizures; however, occasionally, extended EEG as part of a sleep 
study may be necessary.

Nightmare Disorder
Nightmares are an extremely common parasomnia occurring during REM sleep and are most 
common in the last third of the sleep period. Th e dream content often is recalled as frightening 
and refl ects daytime stresses. Although children clearly dream by 14 months of age, nightmares 
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are most common between 3 and 6 years, occurring in 10% to 50% of children. At these ages, 
children have the verbal skills to describe dreams. Th ey also have vivid imaginations and fears.

Nightmares are uniformly part of posttraumatic stress disorder; they may increase after 
withdrawal of REM-suppressing substances such as alcohol and antidepressants.

A child who wakes from a frightening dream should be comforted, keeping the interven-
tion brief to avoid secondary gain. Th e same concerns listed for bedtime fears should be 
addressed when nightmares are frequent. Children who have chronic nightmares have been 
shown to improve with targeted relaxation exercises and stories in which the child masters 
a situation. Children can prepare to have good dreams through rehearsal and imaging at 
bedtime. Severe nightmares may respond to bedtime medications, although counseling is 
mandatory if the condition is of a severity to warrant medication.

Violent Behavior During Sleep
An REM behavior disorder (RBD) has been described in which normal REM atonia does not 
occur. Dream content can be physically acted out, sometimes in violent ways. RBD is very rare in 
healthy children but has been seen in autistic children or in association with neurologic disorders. 
A clue to diagnosis is that abnormal behaviors occur during the last third of the night, unlike 
NREM motor parasomnias, which typically occur during slow-wave sleep during the fi rst third 
of the sleep period. Diagnosis requires a sleep study and neuroimaging studies. Treatment with 
clonazepam has been benefi cial in autistic children and is the most common treatment in adults.

Other Parasomnias
Bruxism is grinding the teeth during sleep and has been reported in more than 50% of 
children, with a mean age of onset of 10.5 years. No longitudinal studies demonstrating 
the natural history of bruxism have been conducted, but dental evidence of bruxism can be 
identifi ed in 10% to 20% of the general population. Bruxism can also be caused by dental 
malocclusion or neurologic or psychiatric conditions. Tooth guards can protect the teeth 
and reduce potential damage to the temporomandibular joint. If stress or anxiety is a trigger, 
then relaxation exercises at bedtime may be helpful.

 SLEEP-RELATED MOVEMENT DISORDERS
Restless Legs Syndrome and Periodic Limb Movements of Sleep
Restless legs syndrome occurs in about 2% of children between 8 and 17 years of age.27 It is 
characterized by uncomfortable sensations in the legs, which are worse at rest (“like worms 
crawling under my skin”). Th ese sensations are present in the evening, are associated with 
the need to move, and are temporarily relieved by movement. Th ey are sometimes confused 
with growing pains. Th ey may interfere with the child’s ability to fall asleep. A strong famil-
ial component exists. Periodic limb movements of sleep are repetitive, brief leg twitches, 
occurring more than 5 times per hour in children. Leg movements or jerks may occur with 
resumption of a breath after a central apnea or with a loud snort or snore at the termination 
of an obstructive apnea. Th ey may cause arousals, fragmenting the continuity of sleep and 
leading to a complaint of sleep maintenance insomnia. Although the two syndromes are not 
identical, many patients experience both. In children, limb movements may be exacerbated by 
iron defi ciency or the use of antidepressant medication. Th ey are more common in children 
with attention-defi cit/hyperactivity disorder (ADHD). Treatment may include iron supple-
ments, clonidine, gabapentin, or dopaminergic agents, depending on the age of the child.
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Sleep–Wake Transition Disorder
Rhythmic movements while falling asleep are common in infants and toddlers. Rhythmic 
movement disorders include head banging and body rocking. Some rhythmic activity at bed-
time occurs in more than half of 9-month-olds, decreasing to one-third at 18 months, and to 
less than one-fourth at 2 years of age. Head banging is typically monotonous, occurring 60 
to 80 times per minute, usually for less than 15 minutes. Usually benign, head banging may 
occasionally be caused by CNS injury, headache, inner ear abnormality, sensory deprivation 
(including visual or hearing impairment), neglect, or abuse. Children of intense temperament 
are especially likely to bang. Although head banging usually does not cause brain injury, it can 
be traumatic if the bed is unstable or if safety precautions are not taken in the environment. 
Th e condition may be reduced by kinesthetic stimulation during the evening and holding the 
child as part of the bedtime routine. Sleep restriction (ie, limiting the time the child lies in 
bed before falling asleep) and mild sedation have been shown to be helpful in diffi  cult cases. 
Parents often need reassurance of the generally benign nature of these behaviors.

 HYPERSOMNIA
Excessive daytime sleepiness (EDS) can be caused by insuffi  cient sleep (see Table 71-4), 
fragmented sleep (see Table 71-5), or increased sleep drive (Table 71-6). Although some 
sleepy children appear to have diffi  culty remaining awake, many sleepy children may exhibit 
hyperactivity, restlessness, poor concentration, impulsivity, aggressiveness, or irritability. 
Sleepiness needs to be diff erentiated from weakness or fatigue. Th e major sleep disorders 
causing primary hypersomnia in children are narcolepsy and idiopathic hypersomnia.

Table 71-6
Excessive Sleepiness in Children—Causes of 

Increased Sleep Drive

DIAGNOSIS PREVALENCE TREATMENT

Narcolepsy 0.2% Stimulant medication, attention to 
sleep hygiene, treatment of coexisting 
sleep problems (periodic limb move-
ment disorder, obstructive apnea)

TEMPORARY HYPERSOMNOLENCE

None specifi cally

Acute medical illness
Illicit drug use
Medications

 
 
 

RECURRENT HYPERSOMNOLENCE

Depression Common Antidepressants

Kleine-Levin syndrome Rare Lithium; carbamazepine; monitor 
serum levels for both drugs

Menstruation related Rare Oral contraceptives

IDIOPATHIC HYPERSOMNOLENCE

Stimulant medication

Reprinted from Givan DC. The sleepy child. Pediatr Clin North Am. 2004;51:15–31. Copyright 2004, with 
permission from Elsevier.
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Narcolepsy
Narcolepsy is a potentially disabling syndrome of irresistible daytime sleep attacks, 
abnormally fast transitions to REM sleep from awake, and disrupted nighttime sleep. 
It occurs in 0.04% of whites and 0.07% of blacks. As many as one-third of adults with 
narcolepsy report onset of symptoms before 15 years of age, but diagnosis is frequently 
delayed at least a decade. Loss of muscle tone with emotions while awake (cataplexy), 
inability to move for a few seconds to minutes on awakening (sleep paralysis), and visual 
aura or dream states while falling asleep (hypnagogic hallucinations), along with EDS, 
make up the complete narcolepsy tetrad seen in 30% of aff ected persons. Approximately 
90% of patients with narcolepsy with cataplexy are positive for HLA DQB1*0602. 
Narcolepsy is seen in children, but peak age of onset of symptoms is 15 to 25 years. 
Cataplexy—brief episodes of bilateral muscle weakness, usually associated with laughter 
or strong emotion, that may result in falling, head bobbing, or jaw sagging—is highly 
specifi c to narcolepsy but may not be seen in more than 50% of cases. Diagnosis of 
narcolepsy without documented cataplexy can be made by overnight polysomnography 
showing absence of other sleep diagnoses and a multiple sleep latency test (5 nap oppor-
tunities, separated by 2 hours, immediately following the overnight sleep study) showing 
rapid sleep onset periods (mean, �8 minutes) with at least 2 naps containing REM 
sleep. Diff erential diagnosis includes hydrocephalus, postviral infection (mononucleo-
sis), previous CNS trauma, or idiopathic hypersomnia. Absence of HLA DQB1*0602 
does not exclude the diagnosis of narcolepsy, especially without cataplexy. Given that 
20% of the general population is positive for HLA DQB1*0602, this test is not specifi c 
for possible narcolepsy patients with EDS. Recent research shows that narcolepsy with 
cataplexy results from the loss of approximately 70,000 hypothalamic neurons produc-
ing the neuropeptide hypocretin.

Narcolepsy treatment may include the use of stimulants such as modafi nil or methyl-
phenidate to address excessive daytime sleepiness, antidepressants such as venlafaxine to 
control cataplexy, regular adequate sleep, 2 to 3 planned 30-minute daytime naps, and tim-
ing of activities at optimal hours of alertness.28 Education of the patient, family members, 
and school personnel is important. Support for handling the diffi  culties of this lifelong 
chronic condition is such that referral to a pediatric sleep disorders center is indicated, but 
often primary care physicians may be required to monitor compliance with medications for 
participation in activities such as sports, school testing, and driving.

Idiopathic Hypersomnia
Idiopathic hypersomnia is a disorder of constant and severe EDS, despite adequate 
nocturnal sleep. Idiopathic hypersomnia is, by defi nition, a diagnosis of exclusion. 
A complete evaluation for other causes of hypersomnia must be undertaken, including 
neurologic disorders (hydrocephalus or CNS tumors), primary sleep disorders (OSA), 
mood disorders, chronic fatigue syndrome, and medical disorders (acute and chronic 
infections including mononucleosis, metabolic disorders, or muscle diseases). Although 
the mean sleep latency is short in idiopathic hypersomnia, similar to narcolepsy, aff ected 
patients do not have the 2 sleep-onset REM periods that characterize narcolepsy. Treatment 
of idiopathic hypersomnia includes attention to sleep hygiene issues, use of stimu-
lant medications, and thorough review of safety issues such as driving or operating 
machinery.29
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 SLEEP DISORDERS ASSOCIATED WITH PSYCHIATRIC 
OR BEHAVIORAL DISORDERS

Although sleep problems may occur in association with almost any mental health disorder 
(Table 71-7), mood disorders are among the most common. Depression may cause sleep-
onset insomnia, although this condition is less common in young children than in other age 
groups. Th e early-morning waking of depressed adults is not usually seen before puberty and 
only rarely among adolescents, for whom hypersomnia is a more common complaint than 
insomnia.30 Th e sleep problems that are intrinsic to depression are complicated by intrusive 
thoughts or worries that may interfere with sleep maintenance. Treatments of sleeping prob-
lems in depressed children may include cognitive behavioral therapy and antidepressants.31

Children with bipolar disorder may have a dramatically reduced need for sleep (�4 hours a 
day) during the manic phase. Anxiety and panic disorders may result in diffi  culties falling asleep 
because of specifi c or nonspecifi c fears, as well as diffi  culties returning to sleep if aroused during 
the night. Children who have been abused have frequent sleep problems, including nightmares, 
increased activity during sleep, and sleep-onset and sleep-maintenance insomnia.32

Personality disorders in adolescence have been associated with sleep-onset insomnia. 
Psychoses may include troubling intrusive thoughts, especially at night.

Table 71-7
Behavioral and Psychiatric Disorders Associated 

With Sleep Problems in Children

DIAGNOSIS SLEEP PROBLEMS

Depression Sleep-onset or maintenance insomnia seen in 50%
Early morning awakenings
EDS seen in 25%
Sleep complaints are the most prevalent symptoms of 
major depression in adolescents

Bipolar disorder Decreased need for sleep without fatigue
Insomnia

Seasonal affective disorder Prevalence 3%–4% in children with EDS, fatigue in winter

Anxiety disorder Increased night awakenings, nighttime fears
Increased sleep-onset insomnia, bedtime problems
Increased EDS

Obsessive compulsive disorder Decreased total sleep time

Autism, pervasive developmental 
disorder

Sleep-onset insomnia, diffi culty settling at night, 
prolonged and frequent nocturnal awakenings
Shortened duration of sleep
Irregular sleep–wake pattern
Parasomnia (including rapid eye movement behavioral 
disorder)

Attention-defi cit/hyperactivity disorder Sleep-onset or maintenance insomnia
Nocturnal wakening, obstructive sleep apnea, excessive 
periodic limb movements

EDS, excessive daytime sleepiness.
Derived from Ivananko A, Crabtree VM, Gozal D. Sleep in children with psychiatric disorders. Pediatr 
Clin North Am. 2004;51:51–68.
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Insomnia or hypersomnia caused by substance abuse should be considered in sleep disorders 
in older children and adolescents. Alcohol can induce sleep, but it causes sleep fragmentation 
in the latter portion of the night. When alcohol is metabolized (1 beer, 5 oz of wine, or 1 oz of 
liquor per hour), sympathetic tone increases, leading to abrupt arousals and sleep maintenance 
insomnia. Withdrawal from chronic alcohol abuse may cause severe insomnia. Stimulants such 
as cocaine and amphetamines can cause severe insomnia. Some antidepressants such as fl uoxetine 
may cause insomnia, whereas others such as tricyclics, trazodone, or mirtazapine may cause EDS. 
Antidepressants may eliminate REM atonia, thus precipitating RBD. Atypical antipsychotics 
such as aripiprazole may cause stimulation, whereas others such as olanzapine cause sedation.

 DEVELOPMENTAL DISORDERS
Learning disabilities are associated with increased rates of sleep disturbance, including 
night waking and trouble falling asleep. Half of these sleep diffi  culties persist for more than 
3 years.33 Systematic review of the literature suggests that children with ADHD have higher 
daytime sleepiness, more movements during sleep, and higher apnea-hypopnea indexes 
compared with controls. Reported sleep problems also include trouble settling to sleep and 
multiple awakenings from sleep.34 Medications used to treat ADHD may prolong sleep-onset 
latency. Clonidine at bedtime has been found to be eff ective in improving the sleep of 85% 
of these children when behavioral measures failed.35

Many children with autism have serious sleep problems, with diffi  culties falling asleep, 
waking in the night, and early-morning waking. Children with autism frequently have insom-
nia that may benefi t from behavioral interventions, melatonin, or medications.36 Asperger 
syndrome has been associated with insomnia and RBD. Children who have Tourette syndrome 
have increased parasomnias.

 SLEEP DISORDERS ASSOCIATED WITH MEDICAL 
PROBLEMS

Sleep problems are seen in a variety of medical conditions (Table 71-8).

Neurologic Disorders
Any CNS impairment can result in dysregulation of the sleep cycle. As many as 85% of 
children who have major developmental disabilities may experience chronic sleep prob-
lems.37 Behavioral sleep problems in these children can be improved by establishing a 
bedtime routine and putting the child to bed when sleep onset is likely to occur quickly. 
If the child has persistent diffi  culty falling asleep, then establishing a new pattern may be 
helpful by delaying the usual bedtime for 30 minutes and then removing the child from 
bed if sleep does not occur in 15 to 20 minutes. After removing the child from bed, the parent 
should keep him or her awake for 30 minutes. Th is procedure is repeated until the child falls 
asleep within 15 minutes of being put in bed. Wake-up time is kept constant. Daytime naps 
are not allowed for children older than 4 years.

Other factors such as timing of medications, need for repositioning during the night, pain, 
nighttime feedings, and caregiver anxiety can contribute to sleep problems in the neurologi-
cally impaired child. Melatonin at bedtime has been shown to be helpful in some children 
who have CNS problems or blindness as the cause of their sleep disturbance. Melatonin 
should be used cautiously in children with seizure disorders.
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—cont’d

Table 71-8
Medical Disorders Associated With Sleep 

Problems in Childhood

DIAGNOSIS SLEEP PROBLEMS

Asthma Circadian variation in

• Peak expiratory fl ow (nadir at 4:00 am)
•  Cutaneous immediate hypersensitivity to house dust 

allergen
• Airway infl ammation 
Sleep-related changes
•  Decrease in lung volumes and increase airway 

resistance
•  Increase airway resistance and decrease 

intrapulmonary blood volume
• Decrease mucociliary clearance
• Nocturnal gastroesophageal refl ux 

Frequent nocturnal awakenings and decrease stage 
4 sleep

Cystic fi brosis OSA can be common in children <7 years.
Nocturnal oxygen desaturation in children �7 years
•  Hypoventilation, especially in REM sleep caused by 

de-recruitment of ventilatory muscles
•  Ventilation–perfusion mismatch caused by decreased 

functional residual capacity
•  Occurs more frequently with forced expiratory volume 

<65% or resting oxygen saturation while sitting �94% 

Craniofacial abnormalities (Pierre 
Robin sequence, Goldenhar syndrome, 
Down syndrome, Treacher Collins 
syndrome, velocardiofacial syndrome, 
cleft lip and palate)

Upper airway obstruction
Nocturnal hypoventilation

Gastroesophageal refl ux Increased night awakening and pain
Delayed sleep onset
May result in nocturnal stridor, cough, and wheezing

Down syndrome Upper airway obstruction with OSA in 30%–60%
Decreased REM sleep associated with low IQ

Sickle cell disease Episodic and continuous nocturnal hypoxemia in 40% of 
children caused by either OSA or primary lung disease

Obesity OSA
•  Obesity hypoventilation syndrome: Hypercapnia, 

hypoxemia, and daytime somnolence.
•  95% of children with Prader-Willi syndrome have 

excessive daytime sleepiness.

Scoliosis or congenital neuromuscular 
disorder (Duchenne muscular 
dystrophy, spinal muscular atrophy)

Nocturnal hypoventilation
Nocturnal hypoxemia—excessive daytime sleepiness, 
morning headaches
OSA
Restless sleep
Frequent awakenings
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Kleine-Levin syndrome, a rare disorder with episodes of severe daytime sleepiness, hyper-
phagia, and hypersexuality lasting hours to weeks, may be seen in adolescence. Tumors of 
the third ventricle or posterior hypothalamus may also cause daytime sleepiness. Brainstem 
lesions or Chiari malformation type II, which are common in children with myelomenin-
goceles, can cause severe central apnea or vocal cord paralysis causing obstructive apnea.

Sleep-Related Epilepsy
Approximately 20% of epileptic patients have seizures only during sleep, most often at the 
time of sleep–wake transitions. Seizures occurring during the night may disrupt sleep by 
causing multiple awakenings. Th e possibility of a seizure disorder should be considered in 
adolescents with new-onset parasomnias. Atypical seizures may produce EDS.

Sleep-Related Headaches
Most headaches occurring during sleep occur during REM sleep. Cluster headaches are more 
frequent at night than in the daytime and often disrupt sleep. Headaches on awakening are 
unusual; the child should be evaluated carefully for the presence of increased intracranial 
pressure or hypercapnia caused by hypoventilation (eg, Duchenne muscular dystrophy).

Degenerative Disorders
Degenerative brain disorders result in frequent awakenings, diffi  culty falling asleep, early-
morning waking, sleep deprivation, and daytime sleepiness.

Other Medical Disorders
Any condition causing pain at night, such as juvenile idiopathic arthritis, can result in 
disrupted sleep.38 Eczema that causes associated scratching results in frequent awakenings. 
Painful menstrual cramps may also disrupt sleep.

Sleep-Related Asthma
Asthma episodes are increased during sleep, presumably because the neuroendocrine regu-
lators of respiration are sensitive to diurnal regulation. Children who have sleep-related 
asthma have fragmented sleep and may develop anxiety associated with breathing discomfort. 
Th is disruption may lead to bedtime resistance and insuffi  cient nocturnal sleep, leading to 

Table 71-8
Medical Disorders Associated With Sleep 

Problems in Childhood

DIAGNOSIS SLEEP PROBLEMS

Traumatic brain injuries Sleep-onset and maintenance insomnia
Excessive daytime sleepiness
Dreaming disturbances
Nocturnal hypoventilation

Spina bifi da Obstructive, central, or mixed apnea
Nocturnal hypoventilation may cause severe excessive 
daytime sleepiness

OSA, obstructive sleep apnea; REM, rapid eye movement.
Derived from Bandla H, Splaingard M. Sleep problems in children with common medical disorders. 
Pediatr Clin North Am. 2004;51:203–227. 

—cont’d
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problems outlined in Box 71-2. In one study of children with asthma, 34% awakened at 
least once a week, and 5% awakened every night from asthma symptoms. Daytime sequelae 
were common, with 59% reporting daytime sleepiness and 51% reporting diffi  culty with 
concentration. Th ese complaints all improved with successful asthma management.39,40 

Gastroesophageal Refl ux Disease
Gastroesophageal refl ux disease (GERD) may produce sleep problems in a variety of ways. 
Th e refl ux can be painful, resulting in night waking and crying. Refl ux has also been 
associated with both central and obstructive apnea and with apparent life-threatening 
events in infants and young children. Th e diagnosis of GERD may not always be obvi-
ous, owing to lack of usual signs, including excessive spitting up, reswallowing motions, 
increased fussiness, refusal of feedings, and failure to thrive. Esophagoscopy, assessing for 
esophageal erosions, may be needed to determine the cause of nighttime pain. Failure to be 
consoled while being held can be a clue that the child is suff ering pain. Holding the child 
upright reduces the amount of acid in the esophagus and may comfort a child with refl ux. 
See Chapter 83, Vomiting, for further discussion of gastroesophageal refl ux.

When to Refer

• If the physician is unable to relieve a sleep disturbance after working with the family 
over the course of 6 weeks, then assistance may be needed either from a sleep specialist 
or from a family therapist or psychologist. Th e physician should always consider, and 
generally respect, a family that really does not care to change a sleeping situation that 
would seem to be a sleep disturbance to others. Children with chronic, physically based 
sleep disorders, such as narcolepsy and SDB requiring CPAP, benefi t from referral to a 
sleep disorders center for treatment and group support.

• Alternative therapies have been devised by many cultures to restore the essential health-
giving function of sleep. Herbal remedies such as chamomile and other soothing teas are 
common. Any treatment that involves scheduled rest and mental preparation for sleep 
would be expected to result in improvement.

When to Admit

• Primary sleep disturbances rarely require hospitalization, other than the overnight stay 
needed for a sleep study. Exceptions may include severe SDB with life-threatening oxy-
gen desaturations, arrhythmias, or cor pulmonale. Hospitalization may be needed for 
some of the underlying disorders, such as CNS tumors or serious depression that may 
initially present symptoms of a sleep disorder. Admission for video EEG monitoring of 
movements during sleep that suggest seizures may be required.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Fostering Comfortable Sleep Patterns in Infancy (fact sheet), Bright Futures (www.

brightfutures.org/mentalhealth/pdf/families/in/sleep_patterns.pdf )
• Sleep: What Every Parent Needs to Know, 2nd ed (book), American Academy of Pediatrics 

(shop.aap.org)

http://www.brightfutures.org/mentalhealth/pdf/families/in/sleep_patterns.pdf
http://www.brightfutures.org/mentalhealth/pdf/families/in/sleep_patterns.pdf
http://shop.aap.org/
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• Sleep (Baby 0–12 mos.) (Web page), American Academy of Pediatrics (www.healthychildren.
org/English/ages-stages/baby/sleep/Pages/default.aspx)

• Sleep Apnea and Your Child (handout), American Academy of Pediatrics (patiented.
solutions.aap.org)

• Sleep Problems in Children (handout), American Academy of Pediatrics (patiented.solutions.
aap.org)

• Parenting Tips for Better Sleep (fact sheet), American Academy of Pediatrics (www2.aap.
org/sections/dbpeds/pdf/sleeptips.pdf )

AAP POLICY STATEMENTS

Millman RP, Working Group on Sleepiness in Adolescents/Young Adults; American Academy of Pediatrics 
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Chapter 72

Speech and Language 
Concerns

Maris Rosenberg, MD; Nancy Tarshis, MA, MS

 INTRODUCTION
Speech and language delay, arguably the most common developmental concern parents 
have about their young children, occurs with an estimated prevalence of 2% to 19%.1–5 
Th e delay can occur alone, or signal the presence of other developmental disorders such 
as intellectual disability, autistic spectrum disorders, or hearing impairment. In keeping 
with the recommendations of the American Academy of Pediatrics (AAP),6 the pediatri-
cian should perform developmental surveillance and screening to identify children at 
risk, refer for appropriate evaluation, and implement intervention as early as possible. 
Speech and language impairments have academic, social, and behavioral implications, 
and appropriate intervention can maximize a child’s outcome.

Parents commonly focus on their child’s verbal communication and consult the 
pediatrician when there are concerns. A working knowledge of risk factors for com-
munication delays, normal speech and language milestones, and red fl ags for language 
delays and associated developmental problems is essential in providing appropriate 
pediatric primary care.7

 LANGUAGE DEVELOPMENT 
Language, as the primary vehicle for communication, is a socially shared code or conven-
tional system for representing concepts through an arbitrary set of rule-governed symbols 
(speech sounds/phonemes) and symbol combinations. A social tool through which we share 
ideas and rules of behavior and develop our attachments to people and places, language is 
a rule-governed yet generative system that permits speakers to create an endless number of 
meaningful utterances to communicate thoughts, feelings, information, and ideas.

A summary of typically acquired speech and language milestones is presented in 
Table 72-1.

 RISK FACTORS FOR LANGUAGE DELAYS
Risk factors for language delays are similar to those for developmental disorders in gen-
eral. In a review for the US Preventive Services Task Force, the most common risk factors 
reported were a family history of speech and language delay, male gender, and perinatal fac-
tors. Other, less commonly reported risk factors included educational level of the parents, 



Signs and Symptoms in Pediatrics860

childhood illness, and family size.5 A careful history eliciting any prenatal, perinatal, or 
postnatal adverse events and a detailed family history focusing on developmental disorders, 
academic achievement, and social functioning are essential in determining which children 
are at greater risk. Environmental factors clearly play a role in determining language devel-
opment. Children who live in disadvantaged environments with less language stimulation 
and greater psychosocial stress are at greater risk for language delay than children from more 
advantaged backgrounds.

Table 72-2 states the red fl ags in language and play that may signal the existence of a 
language or other developmental disorder.

Table 72-1
Developmental Milestones

AGE DEVELOPMENTAL MILESTONES

0–6 mo Cooing
Babbling
Differentiated cries

6–9 mo Canonical babbling (reduplicated babbling, eg, “bababa”)
Response to name
Comprehension of familiar words in context

9–15 mo First words
Directed point (initially with hand, then with 1 fi nger)

18–24 mo Uses own name
2-word sentences (by 24 mo)
Knows 5 body parts

24–30 mo Pretend play with familiar objects
3-word sentences
Points to action words in pictures
Answers simple, concrete “wh-” questions (eg, who, what)
Uses 50+ words

30–36 mo Names most familiar things and pictures
Begins to recognize same and different
Helps tell a familiar story
Uses descriptive words (adjectives)
Uses 200–1,000 words
Speech is nearly all intelligible to any listener.

3–4 yr Comprehends 1,000 words
Points to common objects by function
Responds to commands involving 2 actions
Uses at least 800 words
Responds to simple “how” questions
Asks “what” and “who” questions
Uses plurals and verb tense markers
Talks about events out of the here and now

4–5 yr Understands most of what is said to him or her
Tells a personal story with a beginning, middle, and end
Can listen and answer questions about a story
Speech is fully intelligible.
Can recognize and produce rhymes
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Table 72-2
Red Flags in Language and Play

AGE WARNING SIGNS AND RED FLAGS

0–12 mo: play Restricted repertoire of skills

Does not follow objects that fall

Little purposeful play

Reduced or absent imitation

Reduced object permanence

No interactive games

0–12 mo: sensory motor Does not reach or swat at objects

Overly reactive to stimuli

Extreme irritability

0–12 mo: socioemotional Overly clingy

No apparent attachments

No awareness of danger

Diffi culty modulating emotions

Reduced range of affect

0–12 mo: speech and language Diffi culty sucking and feeding

Averts gaze

Fails to make a variety of sounds

Fails to respond to name

Undifferentiated crying

12–24 mo: play No container play

No early problem solving

Does not go to adults for help

Very rigid play

Focuses on irrelevant parts of toys such as wheels of car

Does not include adults in play; prefers to play alone

No interest in playing symbolically

No spontaneous pretend play

Restricted range of interests

No early problem solving

12–24 mo: socioemotional Short attention span

Does not seek to engage with others

Tunes out

Avoids eye contact

12–24 mo: speech and language No specifi c mama or dada

Does not point

Cannot follow simple directives without gesture

Reduced vocabulary

No word combinations

Continued
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24–36 mo: play Little or no symbolic play

Not able to sequence events in play

Not interested in playing with peers

Restricted range of skills and interests

Lines up toys rather than playing with them

24–36 mo: speech and language Avoids eye contact

Reduced communicative intent

Diffi culty following directions

Lack of verbal expression

Reduced reciprocity and turn taking

Talking better than listening

Poor conversation skills

3–4 yr: play Cannot take turns or play cooperatively with peers (prefers 
solitary play)

Little interest in toys

Insists on sameness in routine

No idea how to approach new skills or toys

Cannot use blocks to build simple structures

3–4 yr: language Does not engage in back-and-forth communication for 
purely social reasons

Does not talk about what communicative partners are 
talking about

Uses language that is repetitive or recycled from other 
contexts

4–5 yr: play Cannot follow simple rules in play

Prefers solitary play

Insists on sameness in play

Reacts strongly to change

Does not engage in symbolic or imaginative play

Does not integrate other children in play

4–5 yr: language Weak ability to hold a conversation

Cannot tell a personal narrative

Diffi culty with sequencing information

Uses language that is repetitive or recycled from other 
contexts

Table 72-2
Red Flags in Language and Play—cont’d

AGE WARNING SIGNS AND RED FLAGS
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 ROLE OF THE PRIMARY CARE PHYSICIAN: SURVEILLANCE 
AND SCREENING 

Performing developmental surveillance at all health maintenance visits implies eliciting 
parental concerns, acknowledging risk and protective factors, performing longitudinal obser-
vations, and keeping an accurate, ongoing record.

Th e use of standardized general developmental screening instruments is recommended 
at ages 9, 18, and 30 months or whenever concerns arise in the course of surveillance.6 
In addition, the recommendation for screening for autistic spectrum disorders at 18 and 
24 months allows additional insight into the development of communication and social 
skills. After a systematic review in 2006,5,8,9 the US Preventive Services Task Force concluded 
that there is no single screening instrument that serves as a gold standard for screening 
specifi cally for language disorders, and there were no universally agreed-on recommenda-
tions for age or interval for speech and language screening. However, it is generally agreed 
that use of standardized screening instruments can assist the pediatrician in assessing a young 
child’s general development and making decisions as to whether referral for further evaluation 
by developmental specialists would be appropriate. Screening instruments vary in format 
and applicability to particular populations.9 Table 72-3 provides a partial list of both general 
and language-specifi c screening instruments that can be used in the primary care setting. Th e 
resource provided by the AAP Developmental Screening task force lists additional tools.6

 LANGUAGE DISORDERS
A language disorder as defi ned by the American Speech and Hearing Association can be 
classifi ed as any disturbance to an individual’s ability to develop and produce spoken or writ-
ten language. Th is encompasses both the ability to comprehend and the ability to express 
language at an age-appropriate level. Language disorders, both developmental and acquired, 
represent a heterogeneous set of diffi  culties that range from mild to severe. Children with 
receptive language defi cits have diffi  culty comprehending language. Of note, a receptive 
defi cit is rarely seen in isolation, and in typical development, comprehension precedes expres-
sion of new and more mature language forms. Diffi  culty with comprehension manifests as 
reduced understanding of conversation and problems both with following directions and 
interpreting the intentions of others. Receptive language generally develops in advance 
of expressive language, except in very rare circumstances (eg, hydrocephalus, severe 
language processing disorder, and in autism spectrum disorders). Children with expressive 
language defi cits have problems using language to express their most basic wants and needs 
as well as more sophisticated thoughts, feelings, and intentions. Th ey may have a hard time 
putting words into sentences; sentences may be simple and short with confused syntax or 
verb tense errors, or there may be diffi  culty fi nding the right words. A child’s vocabulary 
might be below the level of other children the same age; or the child might use words and 
phrases repetitively or pick up scripts from videos, commercials, and television. Language 
impairment might also become apparent as a defi cit in stringing sentences together to tell a 
cohesive story or personal narrative.

A language disorder can be characterized by defi cits in the form (comprehension and 
expression of linguistic rules and syntax), the content (vocabulary and semantics), or the use 
(discourse pragmatics) of language. Diffi  culty acquiring and using the rules applicable to the 
sounds, words, phrases, and sentences or the surface features of what is being said constitutes 
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Table 72-3
General and Language-Specifi c Screening Instruments

TOOL

TIME FOR 
ADMINIS-
TRATION

AGE 
RANGE TYPE OF TOOL

LANGUAGES 
AVAILABLE

FOR FURTHER 
INFORMATION

Ages & Stages 
Questionnaires 

10–15 min 4–60 
mo

Parent-completed
General develop-
mental screen

English, 
Spanish, 
French, 
Korean

Paul H. Brookes 
Publishing: www.
brookespublishing
.com 

Batelle Devel-
opment Inven-
tory Screen 

10–30 min 0–95 
mo

Direct-
administration
General develop-
mental screen

English, 
Spanish

Riverside 
Publishing Co. 
www.riverpub.com

Brigance 
Screens II 

10–15 min 0–90 
mo

Direct-
administration
General develop-
mental screen

English, 
Spanish

Curriculum 
Associates, Inc. 
www.
curriculumassociates.
com

Denver Devel-
opmental II 

10–20 min 0–72 
mo

Direct-
administration
General develop-
mental screen

English, 
Spanish

Denver Developmen-
tal Materials 
www.denverii.com

Parents’ 
Evaluation of 
Developmental 
Status (PEDS, 
PEDS-DM) 

2–10 min 0–96 
mo

Parent-completed
General develop-
mental screen

English, 
Spanish, 
and multiple 
other lan-
guages

Ellsworth & 
Vandermeer Press, 
LLC 
www.pedstest.com

Capute Scales 
(CAT/Clams) 

15–20 min 3–36 
mo

Direct-
administration
CLAMS specifi c 
for language

English, 
Spanish, 
Russian

Paul H. Brookes 
Publishing: www.
brookespublishing
.com

Early Language 
Milestone 
Scales 

1–10 min 0–36 
mo

Direct-
administration
Language screen

English Pro-ed Inc: www.
proedinc.com

Language 
Development 
Survey 

10 min 18–35 
mo

Parent-completed
Language screen

English, 
Spanish

ASEBA 
www.aseba.org

Communica-
tion and Sym-
bolic Behavior 
Scales Devel-
opmental Pro-
fi le (CSBS-DP) 
Infant-Toddler 
Checklist 

5–10 min 6–24 
mo

Parent-completed
Language screen

English Paul H. Brookes 
Publishing: www.
brookespublishing
.com

Modifi ed 
Checklist for 
Autism in Tod-
dlers (M-CHAT) 

2–3 min 16–30 
mo

Parent-completed
Autism screen 
followed by 
questionnaire for 
positive items

Multiple 
languages

Available free from 
First Signs: https:// 
www.fi rstsigns.org/
downloads/
m-chat.PDF

http://www.brookespublishing.com
http://www.brookespublishing
http://www.riverpub.com
http://www.curriculumassociates.com
http://www.curriculumassociates
http://www.denverii.com
http://www.pedstest.com
http://www.brookespublishing.com
http://www.brookespublishing
http://www.proedinc.com
http://www.proedinc.com
http://www.aseba.org
http://www.brookespublishing.com
http://www.brookespublishing
http://www.firstsigns.org/downloads/m-chat.PDF
https://www.fi
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a defi cit in the form of language. For children with disorders of content, speaking may come 
easily, but often what they have to say lacks substance. Th eir discourse is missing the essential 
ingredients such as objects, events, relations between people, and cultural references that give 
meaning to the utterance. Pragmatic defi cits result in weakness in language use, in manag-
ing and understanding the why, when, and where aspects of discourse. Children with this 
diffi  culty have a hard time selecting and maintaining topics, taking turns in conversation, 
choosing their style of speech to match the listener or context, using intonation to signal 
intention, and understanding the nonverbal aspects of language such as proximity, body 
posture, facial expression, and fl exible gaze shifting.

Language-based learning disabilities present as problems with reading, spelling, or writing 
in addition to the aforementioned oral language defi cits. Typically, children with such dis-
abilities have trouble expressing ideas, fi nding words, learning new vocabulary, comprehend-
ing questions, following directions, and retaining written material. Th ey struggle learning 
the alphabet, spelling rules, multiplication tables, and other rote-memorized information, 
all of which make it diffi  cult to achieve academically.

 SPEECH DISORDERS
Speech disorders manifest as articulation errors past the age of expectation. Articulation is 
the movement of the speech mechanism (palate, lips, tongue, jaw, larynx) to create sound. 
Phonology is the rule system that governs how speech sounds interact with one another. A 
child with a lisp has a problem with articulation; a child who substitutes all K sounds with 
T (“otay” for okay) has a phonological problem. For pediatricians, knowing when to refer 
for evaluation is key. As a guideline, a 2-year-old should be 50% intelligible, a 3-year-old 
75%, and a 4-year-old fully intelligible to a stranger, not just family and familiar adults.

A child might present with speech problems for several reasons. Some errors are develop-
mental and will resolve in time, and others will need intervention. Some errors are related 
to the architecture of the mouth, and others are rule-based errors (phonologic). If the errors 
persist, or the child expresses frustration, an evaluation is in order. When a child makes 
errors that are inconsistent, a motor speech disorder should be suspected. Apraxia is a motor 
speech disorder caused by a diffi  culty planning and executing speech sounds that cannot be 
attributed to muscle weakness or paralysis. Key characteristics include limited repertoire of 
vowels and vowel errors. Th e error patterns are typically highly variable, with unusual and 
idiosyncratic error patterns. Errors increase with the length and complexity of utterances, 
such as in multisyllabic or phonetically challenging words. If apraxia is suspected, a child 
should be evaluated as soon as possible because the earlier intervention begins, the better 
the outcome. Stuttering or dysfl uency is a speech disorder characterized by breaks in fl uency 
that can aff ect sounds, syllables, or words. In young children there can be a period of nor-
mal dysfl uency between 2 and 4 years of age. Th e decision to refer for evaluation should 
be based on how long dysfl uency has persisted, whether there is a family history, the type 
of repetitions, and secondary behaviors. Indications for evaluation include dysfl uency that 
persists for more than 6 months, family history of stuttering, awareness of diffi  culty, or 
anxiety or frustration related to speaking. In addition, if breaks in fl uency are partial words, 
single sounds, silent or accompanied by any secondary or atypical behaviors, or if the bal-
ance of dysfl uent speech to fl uent speech is more than 10% of the overall communication, 
evaluation should be initiated.
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 DIFFERENTIAL DIAGNOSIS 
Delays in speech and language milestones are often the fi rst indication of the presence of 
a developmental disorder. Hearing loss is an important consideration in any child who 
exhibits delayed acquisition of language milestones or unclear or atypical patterns of speech. 
Careful history and observation may suggest accompanying delays in other domains indicat-
ing more global involvement, as in intellectual disability. Subtle delays in communication 
can be apparent even before verbal communication is questioned. Th e phenomenon of 
joint attention, as evidenced by gaze sharing or pointing, can be documented as early as 
8 to 10 months of age. Th e absence of joint attention should alert the physician to the 
possibility of an autism spectrum disorder. In the absence of the above conditions, specifi c 
language impairment (SLI), refers to the developmental disorders aff ecting primarily receptive, 
expressive, or mixed receptive-expressive language impairments, whereas phonologic disorders 
refer to conditions aff ecting the clarity of speech.

 THERAPEUTIC CONSIDERATIONS: WHAT THE 
PEDIATRICIAN NEEDS TO KNOW

Once a speech and language delay is suspected, referral for diagnostic evaluation is 
critical to determine the extent of impairment, characterize the nature of the disability, 
and suggest strategies for intervention. Referral for early intervention evaluation for 
children from birth to age 3 years, or to the Department of Education for children 
3 years and older, off ers a means of evaluation within a mandated time frame and services 
based on the evaluation results. Ideally, this evaluation is conducted by a multidisci-
plinary team, on which the speech and language pathologist (SLP) plays a key role. Th e 
SLP will gather information regarding communication across a variety of contexts. He 
or she will evaluate the child’s ability to comprehend directions, stories, and other com-
munication as well as vocabulary, grammar, and syntax and use of language for a variety 
of purposes. In certain circumstances, based on the presenting problems, speech sound 
development, literacy skills, writing, reading comprehension, and fl uency will also be 
evaluated. Th is assessment should contain informal components such as pretend play in 
young children and conversation and storytelling in older children. Formal testing with 
standardized instruments can corroborate and elucidate informal fi ndings and should 
always be considered.

Th e pediatrician should order a formal hearing test to be done by an audiologist. Speech 
and language therapy should not be delayed pending defi nitive audiologic evaluation, how-
ever, because it may take months for an uncooperative child to have a hearing test com-
pleted. A formal hearing test should be ordered as part of the multidisciplinary evaluation, 
and hearing status should be followed according to recommendations of the audiologist as 
therapy progresses.

Any child with signifi cant exposure to a second language or dialect is considered bilingually-
exposed. Regardless of the type of exposure, simultaneous or sequential, such a child must be 
evaluated in both languages to determine the presence or absence of language impairment. 
Many children who are bilingually exposed may go through a short period of language loss, 
especially if recently exposed to a new language. Th ere may be a delay in mastering some 
grammatical aspects of both languages, and vocabulary may be judged to be insuffi  cient if 
words in both languages are not considered. Such children should be assessed by a qualifi ed 
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bilingual SLP. If a language impairment is documented in a bilingually exposed child, it is 
important to determine the dominant language when initiating therapy.

 PROGNOSIS
Based on their presentation and degree of severity, language disorders may resolve with 
intervention by the time a child enters the early school years. More often, they persist to 
some degree for the lifetime of the individual. Children identifi ed with speech and language 
delays in toddler and preschool years are known to be at special risk for behavioral diffi  culties 
and for problems with socializing. Th e association between communication diffi  culties and 
externalizing disorders (attention defi cit/hyperactivity disorder, oppositional defi ant disor-
der) and internalizing disorders (anxiety disorders, depression) has also been described.3 Th e 
link between early language and later learning problems is also well documented. Children 
identifi ed with communication impairments at age 4 to 5 years are likely to have signifi cantly 
more diffi  culty in reading, writing, and overall academic achievement at ages 7 to 9 years. 
In addition, these children have more diffi  culty with peer relationships and less satisfaction 
with school than their peers.10

A multitude of factors determine the outcome of children with speech and language 
impairments. Important considerations include nonverbal intelligence, type and degree of 
language disability, and response to intervention. Preschool-aged children with primarily 
expressive phonologic impairments tend to have a lower risk for later reading problems than 
those who demonstrate diffi  culty with phonologic awareness (eg, rhyming, letter–sound 
association). It is generally agreed that children with language problems that persist until 
kindergarten entry have a high risk for continuing problems throughout the school years.3 
Parents should be counseled that providing a language-rich environment, stressing verbal 
interaction and literacy, is recommended, in addition to specifi c therapy, to mediate the 
eff ects of a language delay (eg, the Reach Out and Read program, www.reachoutandread.org).

 CONCLUSION
Speech and language delays are common and are readily detected in the context of the 
developmental surveillance and screening that are part of primary pediatric care. Th ese 
delays may be associated with impairments limited to the domains of speech and lan-
guage or may signal the presence of conditions such as hearing impairment, intellectual 
disability, or autistic spectrum disorders. Using the knowledge of risk factors and atten-
tion to “red fl ags” suggesting these disorders is the fi rst step to referral for appropriate 
evaluation and interventions to minimize associated diffi  culties with learning, behavior, 
and socialization.

TOOLS FOR PRACTICE

Engaging Patient and Family
• American Speech-Language Hearing Association (Web site), American Speech-Language 

Association (www.asha.org)
• Is Your Toddler Communicating With You? (handout), American Academy of Pediatrics 

(patiented.solutions.aap.org)
• Language Delay (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/ages-stages/toddler/Pages/Language-Delay.aspx)

http://www.reachoutandread.org
http://www.asha.org
http://www.healthychildren.org/English/ages-stages/toddler/Pages/Language-Delay.aspx
http://www.healthychildren.org/English/ages-stages/toddler/Pages/Language-Delay.aspx
patiented.solutions.aap.org
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• Language Development: 1 Year Olds (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/ages-stages/toddler/Pages/Language-Development-1-Year-
Olds.aspx)

• Language Development: 2 Year Olds (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/ages-stages/toddler/Pages/Language-Development-2-Year-
Olds.aspx)

• Learn the Signs. Act Early. (Web page), Centers for Disease Control and Prevention 
(www.cdc.gov/ncbddd/actearly/index.html)

AAP POLICY STATEMENT

American Academy of Pediatrics Council on Children with Disabilities, Section on Developmental and 
Behavioral Pediatrics, Bright Futures Steering Committee, Medical Home Initiatives for Children With Special 
Needs Project Advisory Committee. Identifying infants and young children with developmental disorders in the 
medical home: an algorithm for developmental surveillance and screening. Pediatrics. 2006;118(1):405–420. 
Reaffi  rmed December 2009 (pediatrics.aappublications.org/content/118/1/405.full)
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Chapter 73

Splenomegaly
Marina Reznik, MD, MS; Philip O. Ozuah, MD, PhD

Splenomegaly is an enlargement of the spleen resulting from abnormalities of its lymphoid, 
reticuloendothelial, or vascular components. Although splenomegaly is often considered 
to be an ominous clinical fi nding, certain normal variants have been found. In children, 
as a result of the thinness of the abdominal musculature, a palpable spleen is commonly 
encountered.1 Th us a soft spleen is normally palpable in 15% to 30% of neonates. By 
1 year of age, 10% of healthy children have a palpable spleen. Even after 10 years of age, 
1% of children have a palpable spleen.

Wide interobserver variability exists in the ability to appreciate an enlarged spleen on 
examination; this variability is not generally associated with clinical experience.2 Th e spleen 
moves downward with inspiration and enlarges diagonally across the midline toward the 
right iliac fossa.

An enlarged spleen may extend into the pelvis; thus, when examining a child with 
suspected splenomegaly, the physician should start palpating in the right lower quadrant 
and move across the abdomen toward the left upper quadrant. As the spleen enlarges, it 
replaces the tympany of the stomach and colon with the dullness of a solid organ. Percussion 
cannot confi rm splenic enlargement, but it can raise suspicion of it.3 If tympany is prominent, 
especially laterally, then splenomegaly is not likely. In addition, a change from tympany to 
dullness on inspiration when percussing at the lower interspace in the left anterior axillary 
line suggests splenic enlargement.3

Spleen size is conventionally recorded as “centimeters below the costal margin” in the 
midclavicular and anterior axillary lines. Measuring this span with a rigid ruler gives the 
most reproducible measurement.4

Spleen length is correlated with age, height, weight, and body surface area in a nonlin-
ear fashion, similar to the liver.5–7 No sex-based diff erences in spleen size have been found. 
Imaging of the spleen with ultrasonography, high-frequency ultrasonography, radioactive 
(technetium-99m) sulfur colloid scintigraphy, computed tomography (CT), or magnetic 
resonance imaging (MRI) can be an important adjunct to the physical examination in defi n-
ing pathologic changes in this organ.8–10 Contrast-enhanced sonography is a novel technique 
that allows real-time assessment of the spleen.11–13

 DIFFERENTIAL DIAGNOSIS
When assessing a child with splenomegaly, the major splenic functions should be kept in 
mind: its hematopoietic, phagocytic, and immunologic roles and its role as a reservoir for 
blood-borne elements. Th e spleen is a major hematopoietic organ during fetal life. However, 
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it is capable of resuming extramedullary hematopoiesis in children and adults with bone 
marrow failure. Th e spleen removes the senescent and abnormal red blood cells, as well as 
particulate material, from the blood. A major lymphoreticular organ that acts as a fi lter for 
infectious organisms in the blood, the spleen also acts as a site of immunoglobulin M and 
properdin production. Finally, the spleen acts as a reservoir for platelets, reticulocytes, 
and plasma proteins, especially factor VIII. Because the spleen has so many functions, sple-
nomegaly may be caused by systemic infections, by an increase in normal splenic process 
(as seen in hemolytic anemia), by infi ltration of storage diseases or malignancies, by conges-
tion from splenic or portal vein obstruction, or by infl ammatory diseases. Th e spleen is the 
organ most commonly injured following blunt abdominal trauma.14 Engorgement caused 
by splenic trauma with subcapsular hemorrhage may manifest as an enlarged, tender spleen. 
Th e diff erential diagnosis of splenomegaly is provided in Box 73-1.

Infections
In infectious processes, splenomegaly results from hypertrophy of lymphatic and reticu-
loendothelial elements. Viral infections are the most common causes of splenomegaly in 
children. Th e splenic enlargement is usually transient and mild to moderate in severity. 

BOX 73-1

Diff erential Diagnosis of Splenomegaly
INFECTIONS

• Viral: Epstein-Barr virus, cytomegalovirus, 
human immunodefi ciency virus (HIV)

• Bacterial: acute bacterial infections, 
subacute bacterial endocarditis, 
congenital syphilis, tuberculosis

• Parasitic: malaria, toxoplasmosis, leishmaniasis
• Fungal: candidiasis, histoplasmosis, 

coccidioidomycosis

HEMATOLOGIC DISORDERS

Hemolytic Anemias–Congenital and 
Acquired

• Red cell membrane defects: hereditary spherocy-
tosis, hereditary elliptocytosis

• Red cell hemoglobin defects: sickle cell dis-
ease and related syndromes, thalassemia

• Red cell enzyme defects: glucose-6-
phosphate dehydrogenase defi ciency, 
pyruvate kinase defi ciency, etc

• Autoimmune hemolytic anemia 

Extramedullary Hematopoiesis

• Th alassemia major, osteopetrosis, 
myelofi brosis 

INFILTRATIVE DISORDERS

• Leukemias
• Lymphomas
• Lipidoses
• Mucopolysaccharidosis
• Langerhans cell histiocytosis 

CONGESTIVE SPLENOMEGALY

• Portal vein thrombosis
• Hepatic cirrhosis
• Congestive heart failure
• Hepatic portal or splenic vein obstruction 

INFLAMMATORY DISEASES

• Systemic lupus erythematosus (SLE)
• Juvenile idiopathic arthritis (JIA)
• Serum sickness
• Sarcoidosis
• Immune thrombocytopenias and neutropenias 

PRIMARY SPLENIC DISORDERS

• Splenoptosis (wandering spleen)
• Cysts
• Hemangiomas and lymphangiomas
• Subcapsular hemorrhage
• Accessory spleen
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Infectious mononucleosis from Epstein-Barr virus, cytomegalovirus, and HIV infections 
leads to a greater degree of splenic enlargement. Specifi cally, splenomegaly occurs in 50% to 
75% of cases of infectious mononucleosis. Subacute bacterial endocarditis, tuberculosis, and 
other chronic bacterial infections may cause splenic enlargement. Septicemia from menin-
gococcus or pneumococcus may also be associated with splenomegaly. Malaria and visceral 
leishmaniasis are common causes of splenomegaly in areas endemic for these diseases.15,16 
Progressive disseminated histoplasmosis can occur in healthy children younger than 2 years 
who have been exposed to fungus in endemic areas of the eastern and central United States 
(Mississippi, Ohio, and Missouri River valleys). Early manifestations of this disease include 
fever, failure to thrive, and hepatosplenomegaly.

Hematologic Disorders
Splenomegaly associated with hemolytic states, such as membranopathies, hemoglobinopa-
thies, and autoimmune hemolytic anemia, results from engorgement of the splenic sinusoids 
by abnormal red blood cells, as well as by increased phagocytic activity (work hypertrophy) 
of the reticuloendothelial elements. Splenic enlargement as a result of extramedullary hema-
topoiesis occurs in diseases associated with increased demand on the bone marrow for cell 
production (thalassemia major). Measurement of the spleen’s size and recording the result 
are an essential part of every physical examination in children with sickle cell disease. It is 
important to have this baseline information because a rapidly enlarging spleen with a falling 
hematocrit, pallor, dyspnea, weakness, and left-sided abdominal pain suggests the diagnosis 
of acute splenic sequestration crisis—a leading cause of death in children with sickle cell 
anemia and a medical emergency that requires prompt recognition and treatment.

Infi ltrative Disorders
Th e spleen is commonly enlarged in untreated leukemias and lymphomas, including 
Hodgkin disease. Malignant infi ltration of the spleen often produces a massively enlarged, 
fi rm spleen that crosses the midline of the body. In the lipidoses and mucopolysac-
charidoses, the phagocytic reticuloendothelial elements of the spleen accumulate large 
amounts of lipid and mucopolysaccharide, respectively. In Langerhans cell histiocytosis, 
the spleen is infi ltrated by histiocytes.

Congestive Splenomegaly (Banti Syndrome)
Splenomegaly may occur from obstruction of the hepatic, portal, or splenic veins. Th e most 
common causes include portal vein thrombosis, hepatic cirrhosis, and congestive heart failure. 
Umbilical vein catheterization or septic omphalitis in neonates may also result in obliteration 
of these vessels. Congestive splenomegaly is the most common cause of hypersplenism (the 
term used to describe patients with splenomegaly, peripheral blood cytopenias from exces-
sive splenic function, and increased bone marrow production of the aff ected blood cells).

Infl ammatory Diseases
Splenomegaly seen in infl ammatory diseases such as systemic lupus erythematosus (SLE), 
juvenile idiopathic arthritis (JIA), sarcoidosis, and serum sickness is the result of increased 
numbers of reticuloendothelial cells that remove antibody-coated cells and proteins. 
Lymphoid hyperplasia may occur as a result of accelerated antibody production in the spleen.
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Primary Splenic Disorders
Splenoptosis, or wandering spleen, is a congenital fusion anomaly of dorsal mesogastrium 
that results in a spleen of normal size that moves freely within the peritoneal cavity.17 
A patient with splenoptosis usually has an asymptomatic abdominal mass.18 Splenic cysts may 
mimic splenomegaly. Two types of splenic cysts have been identifi ed: those that are congenital 
(epidermoid) and those that are acquired (pseudocyst) from trauma or infarction. Cysts are 
generally asymptomatic and are confi rmed by radiologic studies. Abdominal trauma may 
cause subcapsular hemorrhage of the spleen that results in abdominal pain and splenomegaly. 
Accessory spleens, which are found in 15% of individuals, may also mimic splenomegaly.4

 EVALUATION
History
Th e cause of splenomegaly can be determined by history and physical examination in addi-
tion to laboratory tests and, if necessary, radiographic studies. A thorough history, including 
travel and family history, may provide valuable clues to the possible cause of splenomegaly. 
In a child with a history of a fever, pharyngitis, malaise, and splenomegaly, a viral cause 
(Epstein-Barr virus, cytomegalovirus) should be considered. Malaria or histoplasmosis may be 
the cause if the patient has recently traveled to areas endemic for these diseases. In the patient 
with fever, night sweats, malaise, weight loss, rash, arthralgia, and bone pain, an underlying 
infl ammatory, infectious, or malignant process should be suspected. A newborn with unex-
plained jaundice and a family history of anemia, jaundice, splenomegaly, or splenectomy 
most likely has a congenital hemolytic anemia. A history of umbilical vein catheterization 
or omphalitis in the neonatal period may suggest a diagnosis of portal vein thrombosis.

Physical Examination
Th e normal palpable spleen is soft, smooth, and nontender and is less than 1 to 2 cm below 
the left costal margin. A pathologically enlarged spleen is usually fi rm, has an abnormal sur-
face, and is often associated with signs and symptoms of an underlying disease. An enlarged 
spleen may be tender if it has enlarged quickly (splenic sequestration, splenic trauma with 
subcapsular hemorrhage). When portal hypertension causes splenomegaly, dilation of the 
superfi cial abdominal veins can be noted at physical examination. Findings of a rash, arthritis, 
mucosal ulcerations, and splenomegaly may suggest an autoimmune disorder. Although a 
palpable spleen may be a normal variant, the concomitant fi nding of hepatomegaly is usually 
pathologic and should prompt further investigation.

Laboratory Evaluation
Th e initial laboratory testing of a child with splenomegaly should include a complete 
blood count with a white blood cell diff erential, reticulocyte count, and examination of the 
peripheral blood smear. Further laboratory investigations should be directed at the suspected 
diagnosis, as indicated by the history, physical examination, and the results of the initial 
laboratory tests.

Imaging Studies
Radiologic confi rmation of a mass in the left upper quadrant should be performed if any 
question exists about the nature of the mass. Retroperitoneal tumors such as neuroblastoma 
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and Wilms tumor may be mistaken for an enlarged spleen. Ultrasonography is used to 
quantify splenic enlargement and to diff erentiate the spleen from other left-upper-quadrant 
abdominal masses. CT scanning has been used to evaluate splenic trauma and focal splenic 
pathology. Contrast-enhanced ultrasonography is a novel technique used to detect bleeding 
sites and hematomas in splenic trauma.13 MRI of the spleen can further clarify abnormalities 
in size and shape and can defi ne parenchymal disease. Technetium-99m sulfur colloid scan 
is used to assess splenic function.

 TREATMENT
Treatment of splenomegaly should be aimed at the underlying disease entity. Patients who 
have bacterial infections should receive appropriate antimicrobial therapy. Viral causes of 
splenomegaly generally respond to supportive care. With splenomegaly from infectious 
mononucleosis, patients should refrain from contact or collision sports until the illness has 
completely resolved clinically and the spleen has returned to a normal size, generally at least 
4 weeks from the onset of illness. Some experts suggest a sonographic evaluation of spleen 
size to help decide when the patient can resume full athletic activity.19,20

Splenectomy may be indicated to help control or stage some diseases that cause sple-
nomegaly. Such diseases include hereditary spherocytosis, autoimmune thrombocytopenia 
or hemolysis, and lymphoma (Hodgkin lymphoma). Splenectomy may also be indicated 
for the treatment of chronic, severe hypersplenism. Laparoscopic splenectomy is being per-
formed more commonly in children and has been found to be a safe procedure, with a 
shorter hospital stay, compared with open splenectomy.21–25 During the past decade, partial 
splenectomy has become a viable therapeutic alternative to total splenectomy. Removal of 
up to 90% of the enlarged spleen usually provides relief from splenomegaly while retaining 
suffi  cient splenic tissue for immune competence.4 Partial splenectomy has been used suc-
cessfully in children with hereditary spherocytosis,26,27 nonparasitic splenic cysts, sickle cell 
disease, and thalassemia. All children without spleens are at risk for fulminant bacteremia, 
sometimes referred to as overwhelming postsplenectomy infection (OPSI),4 particularly 
from Streptococcus pneumoniae, Haemophilus infl uenzae type b, and Neisseria meningitidis, 
and should receive needed immunizations at least 2 weeks before surgery if possible. Twice-
daily penicillin prophylaxis against pneumococcal infections (in addition to immunization) is 
recommended for these children if they are younger than 5 years and for at least 1 year after 
splenectomy. Some experts continue prophylaxis throughout childhood and into adulthood 
for particularly high-risk patients with asplenia.31

When to Refer

• Splenomegaly with concomitant adenopathy or hepatomegaly
• Palpation of a hard spleen
• Suspicion of malignancy or other infi ltrative disorders
• Evidence of hemolytic anemias

When to Admit

• Splenic sequestration in sickle cell disease
• Injury to the spleen from abdominal trauma
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Chapter 74

Stridor
Alfi n G. Vicencio, MD; John P. Bent, MD

 DEFINITION
Stridor is typically a high-pitched, monophonic noise caused by turbulent airfl ow through 
a partially obstructed extrathoracic airway, heard predominantly on inspiration. Although 
obstruction of large intrathoracic airways (ie, main-stem bronchi, mid and distal trachea) 
can produce a similar noise on expiration, these lesions are more thoroughly covered in 
Chapter 85, Wheezing, and will not be discussed here.

During the normal respiratory cycle, rhythmic expansion and contraction of the thorax 
leads to dynamic changes in thoracic pressures, allowing air to fl ow into and out of the 
lungs. (For a schematic representation, see Figure 85-1, Chapter 85, Wheezing.) During 
expiration the volume of the thoracic cavity decreases, creating positive pressures within the 
thorax. Airways located within the thorax are directly subjected to these positive pressures 
and thus are more prone to obstruction during expiration, leading to turbulent airfl ow and 
wheezing. On inspiration the thoracic cavity expands, resulting in negative intrathoracic 
pressures and improved patency of intrathoracic airways. However, because the intraluminal 
airway pressure drops to allow infl ow of air, and because the extrathoracic airways (nose, 
nasopharynx, oropharynx, and larynx) may collapse from transmitted negative intrathoracic 
pressures, this portion of the airway is susceptible to obstruction, and thus stridor, during 
inspiration.

Because the extrathoracic airways extend from the nose to the proximal trachea, high-
pitched laryngeal stridor must be diff erentiated from other abnormal inspiratory noises, such 
as stertor, a noisy, rumbling-type noise similar to snoring, which can be heard with partial 
airway obstruction in the oropharynx or nasopharynx. Accurately recognizing stridor will 
facilitate the ensuing diagnostic tests, given that the off ending lesion is likely to be in or 
around the glottic region, a relatively focused anatomic area.

 DIFFERENTIAL DIAGNOSIS
Because stridor refl ects obstruction of a large centralized airway and can range in severity 
from mild to life-threatening, ensuring airway patency should precede the generation of a dif-
ferential diagnosis. For the child who has signs of severe respiratory compromise—distressed 
appearance, severe retractions, nasal fl aring, pallor or cyanosis, altered mental status—initial 
measures should focus on maintaining the airway and, if possible, relieving the obstruction. 
Only personnel skilled at airway management should attempt intubation, if required, and 
such a procedure should be performed in as controlled a setting as possible. In select situations 
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for which medical intubation might prove diffi  cult (ie, suspected epiglottitis in a patient 
with high fever, drooling, and severe respiratory distress), surgical support should be present 
before airway manipulation in the event that tracheostomy is required. Luckily, most cases of 
stridor that the general pediatrician encounters can be approached with a succinct, focused 
history and physical examination followed by directed diagnostic tests.

Th e most common causes of stridor in the pediatric age group, laryngomalacia and 
viral croup, can be easily recognized by the experienced physician after obtaining a focused 
history and physical examination (see Evaluation). However, because the diff erential diag-
nosis of stridor is extensive and includes anything that obstructs the extrathoracic airway, 
a major challenge for the pediatrician is identifying select patients who have less common 
causes of obstruction and thus require specifi c diagnostic tests and diff erent management 
(Table 74-1). For example, laryngomalacia, vocal cord dysfunction, subglottic stenosis, 
laryngeal papillomatosis, glottic cysts, laryngeal webs, subglottic hemangiomas, foreign 
bodies, retropharyngeal abscesses, and laryngeal fractures can all compromise the extra-
thoracic airway and cause stridor.1 In most cases a careful stepwise evaluation by the astute 
pediatrician will lead to the correct diagnosis.

 EVALUATION
History
Once airway patency has been ensured, a focused history should be elicited. Age of initial 
presentation and a description of the events surrounding the onset of symptoms can provide 
important clues to the underlying diagnosis. A commonly encountered patient is one whose 
stridor is preceded by fever, upper respiratory symptoms, and a barky or seal-like cough. 
Th is history, which may include repeated and similar episodes in the past, is consistent with 
viral croup and is easily recognized by an experienced pediatrician. Stridor beginning in the 
fi rst few weeks of life that is present only during specifi c phases of alertness such as eating, 
sleeping, or excitement suggests congenital laryngomalacia as the underlying cause. Indeed, 
laryngomalacia is the most common cause of congenital stridor in infancy. In comparison, 
continuous stridor that begins soon after birth might suggest a congenital and fi xed lesion 
such as a laryngeal web or, particularly in an infant with cutaneous hemangioma, subglottic 
hemangioma (obstruction associated with subglottic hemangiomas typically is mild at birth 
and worsens over the fi rst 6 months of life).

Stridor that develops shortly after a prolonged intubation likely results from subglottic 
stenosis or granulation tissue and is often seen in premature infants who required mechanical 
ventilation during the neonatal period. A less common but important patient to recognize 
is one with a history of Arnold-Chiari malformation or hydrocephalus. Because increasing 
intracranial pressure can result in bilateral vocal cord paralysis, such patients should receive 
appropriate and emergent care to prevent brainstem herniation. Similarly, a stridulous toddler 
with a history of choking or placing small objects in the mouth should be evaluated for the 
presence of a foreign body. Recurrent respiratory papillomatosis is also usually associated with 
stridor or hoarseness 2 to 3 years after birth, although the infection is acquired through verti-
cal transmission in the birth canal from maternal cervical human papillomavirus infection.

In addition to their onset, the chronicity and progression of symptoms can help 
identify the underlying cause and can be particularly helpful for patients with presumed 
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Table 74-1
Causes of Stridor

HISTORY OBJECTIVE FINDINGS

Laryngomalacia • Develops in the fi rst few months of life
• Present mostly when agitated or crying

• Predominantly inspiratory
• May be positional
• Obstruction of glottic space by 

collapsing supraglottic structures 
on laryngoscopy

Viral croup • Preceded by upper respiratory tract 
infection symptoms and fever

• No stridor between episodes
• May have history of similar episodes 

in past

• Predominantly inspiratory
• No change with position

Subglottic 
stenosis

• Develops after intubation or manipula-
tion of airway

• May be continuous

• Predominantly inspiratory but 
often biphasic

• Flat inspiratory and expiratory 
loop on spirometry

• Subglottic narrowing on 
neck radiograph and direct 
laryngoscopy

Foreign body • Sudden onset
• May have a history of choking

• Predominantly inspiratory if 
obstruction is extrathoracic

• Foreign body may be visualized 
on radiograph if radiopaque

Retropharyngeal 
abscess

• Fever
• Diffi culty swallowing

• Often present with stertor
• May have drooling
• Retropharyngeal mass on lateral 

neck radiograph

Hemangioma • Worsening stridor
• History of cutaneous hemangiomas

• May have cutaneous hemangiomas
• Subglottic obstruction on neck 

radiograph
• Hemangioma seen on direct 

laryngoscopy

Bilateral vocal 
cord paralysis

• History of injury to both recurrent 
laryngeal nerves

• Arnold-Chiari malformation or 
increased intracranial pressure

• No movement of vocal cords 
during laryngoscopy

Vocal cord cyst • Hoarse voice
• Chronic irritation to vocal cords or 

airway instrumentation

• Cysts visible on laryngoscopy

Laryngeal 
papillomatosis

• Maternal history of human papilloma-
virus infection

• Hoarse voice
• Can develop in the fi rst several years 

of life

• Papillomas visible on 
laryngoscopy

Laryngeal web • Develops shortly after birth (congenital)
• Develops after airway instrumentation 

(acquired)

• Web visualized on laryngoscopy
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laryngomalacia or viral croup who do not follow the expected clinical course. Stridor caused 
by laryngomalacia is typically intermittent and worsens over the fi rst several months of life. 
As the child becomes older, such episodes become less severe and less frequent. Indeed, for 
most patients with laryngomalacia, symptoms will completely resolve by the fi rst birthday. 
Similarly, the likelihood of developing stridor caused by viral croup lessens with age. When 
the pediatrician is faced with a child whose stridor worsens or persists rather than improves, 
coexisting or alternate diagnoses should be considered, and appropriate diagnostic testing 
should be initiated. In addition, persistent symptoms may indicate a diff erent laryngeal 
abnormality. For example, mild stridor caused by a subglottic hemangioma may initially be 
attributed to a more common problem such as laryngomalacia. Similar to laryngomalacia, 
obstruction from a hemangioma tends to worsen after initial presentation as the lesion 
enlarges. Unlike laryngomalacia, natural resolution of the hemangioma, and thus the stridor, 
may take several years rather than months. History of a hoarse voice or cry suggests glottic 
disease and might result from chronic irritation of the vocal cords. Other clues that suggest 
more ominous conditions include constant stridor, failure to thrive, diffi  culty swallowing, and 
severe and sudden onset of symptoms. Last, onset of stridor in an older child or adolescent 
with no previous history should prompt a more thorough evaluation.

Physical Examination
Laryngeal stridor represents airway obstruction at the level of the supraglottis, glottis, 
or subglottis. Although these anatomic regions can be difficult to examine without 
the use of specifi c diagnostic tests, several clues from thorough physical examination 
can help confirm suspicions elicited on history. General inspection of the patient 
should include an assessment of position—extension of the neck is often described in 
patients with a serious infection such as epiglottitis or retropharyngeal abscess—as well as 
any drooling, which might suggest mass eff ect or edema in the posterior pharynx causing 
dysphagia in addition to the stridor (of note, these patients often exhibit stertor rather than 
stridor). Because such entities can be diffi  cult or even dangerous to visualize, attention 
should focus on keeping the patient calm and maintaining the airway. An oropharyn-
geal examination might reveal a retropharyngeal bulge, an enlarged epiglottis or a lateral 
displacement of the uvula, and swelling of a tonsillar pillar from an underlying infection 
in patients with acute onset of stridor. External examination of the neck might show 
suprasternal retractions when obstruction is severe and may also reveal displacement of 
the larynx, a mass obstructing the airway, or signs of trauma. Finally, the quality of the 
voice should be noted; given that hoarseness, aphonia, or a weak cry suggests vocal cord 
disease, one should examine the skin for any cutaneous lesions such as hemangiomas. 
Lastly, improvement of stridor with a jaw thrust could suggest pathology in the region of 
the epiglottis as opposed to the subglottis.

Objective Testing
Although a detailed history and physical examination are often suffi  cient to make a 
diagnosis of laryngomalacia or viral croup, additional diagnostic tests are warranted for 
patients whose symptoms and clinical course seem unusual or overly severe. Laboratory testing 
has limited value in evaluating patients with stridor. Similarly, pulmonary function test-
ing is not often necessary but can confi rm suspicions of an extrathoracic obstruction 
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  Figure 74-1
 Findings on spirometry. The normal fl ow-volume loop has a characteristic shape. In comparison, the 
fl ow-volume loop in a patient with severe subglottic stenosis is fl at.         

  Figure 74-2
 The neck radiograph demonstrates a mass causing mild obstruction of the subglottic area  (arrow)  
in a child with stridor.         

(Figure 74-1). A simple radiograph of the neck can identify obstructive lesions in the 
retropharynx, glottis, and subglottic area (Figure 74-2). Th e classic steeple sign on antero-
posterior neck radiograph depicts subglottic narrowing but does not distinguish croup 
from subglottic stenosis. Direct visualization of the airway by fl exible laryngoscopy often 
provides defi nitive information.
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Flexible laryngoscopy is a routine procedure for the practicing otolaryngologist. Because 
the procedure off ers direct visualization of the posterior pharynx and glottis (Figure 74-3), 
numerous other lesions causing laryngeal obstruction can be visualized, leading to a correct 
diagnosis. In fact, before routine use of offi  ce-based fl exible laryngoscopy, laryngomala-
cia was known as congenital laryngeal stridor, refl ecting physicians’ incorrect assumption 
that all congenital laryngeal stridor might be attributed to a single cause. Th e procedure 
is usually well tolerated and can be performed most often with topical anesthesia 
alone (Figure 74-4). In many instances, laryngoscopy merely confirms the presence 
of laryngomalacia while excluding other causes of airway obstruction (Figure 74-5, A and 
Figure 74-5, B). In cases of severe laryngomalacia, laryngoscopy can also identify specifi c 
structures of the larynx that are causing obstruction that might be amenable to surgical 
correction (Figure 74-5, C ). Of course, direct visualization of the glottis can also identify 
other lesions that cause obstruction, as shown in Figure 74-6.

Successful fl exible laryngoscopy is often dependent on patient cooperation, particu-
larly with anxious, diffi  cult-to-restrain, and younger school-aged children. Furthermore, 
although laryngoscopy often provides a clear view of the glottis and supraglottic structures, 
the subglottic area cannot be well visualized. Indeed, even with a cooperative patient, the 
presence of severe laryngomalacia might obscure the view of the subglottic area such that a 

  Figure 74-3
 Normal larynx. Flexible and direct laryngoscopy offers a direct view of the glottis and can identify an 
abnormality. Shown here is a normal view of the glottis.         
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more distal lesion would not be visible. In such cases, direct visualization of the subglottic 
region and proximal trachea may be indicated to exclude a second lesion. Direct laryn-
goscopy and bronchoscopy under sedation or general anesthesia can help diagnose and 
quantify the severity of subglottic stenosis or identify other subglottic lesions that cause 
obstruction (Figure 74-7).

 MANAGEMENT
Because patients with laryngomalacia and viral croup are frequently encountered and will 
include most patients with stridor, the general pediatrician should be comfortable with out-
patient management. Most cases of laryngomalacia can be managed with observation alone, 
with particular attention given to adequate caloric intake and weight gain. For patients with 
severe episodes of stridor causing hypoxemia or cyanosis, or if symptoms progress over time, 

A

B

  Figure 74-4
 Flexible laryngoscopy.  A,  Topical anesthetic is applied before performing fl exible laryngoscopy.  B,  The 
procedure is usually well tolerated when performed by an experienced laryngoscopist.         
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A B C

  Figure 74-5
 Laryngomalacia as seen by fl exible laryngoscopy.  A,  During expiration the glottis is patent, and no abnormal 
sound is heard.  B,  During inspiration the epiglottis and arytenoids collapse and compromise the glottic 
opening, causing inspiratory stridor.  C,  In cases of severe laryngomalacia, surgical resection of redundant 
tissue can improve the glottic patency even during inspiration.         

A B C

  Figure 74-6
 Obstructive lesions in the glottis.  A,  Laryngeal papilloma.  B,  Anterior saccular cyst.  C,  Glottic web.         

A B C

  Figure 74-7
 Obstructive lesions in the subglottic region.  A,  Severe subglottic stenosis.  B,  Right lateral subglottic 
hemangioma.  C,  Subglottic duct cyst.          

additional diagnostic testing is indicated, and referral to a subspecialist may be warranted. 
In certain instances, laryngomalacia requires surgical management to relieve the obstruction 
caused by redundant epiglottic folds or arytenoid tissue (see Figure 74-5). Tracheostomy is 
rarely required. As with laryngomalacia, most patients with viral croup can be managed with 
close observation alone. For children with more severe obstruction (nasal fl aring, retractions), 
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racemic epinephrine and dexamethasone may temporarily relieve symptoms of obstruc-
tion and alleviate infl ammation, respectively. Hospitalization is indicated for children with 
hypoxemia, apnea, or poor feeding or dehydration.

As discussed previously, stridor that is continuous, progressive, or severe should prompt 
the pediatrician to initiate additional diagnostic tests. Referral to a pediatric otolaryngologist 
for further evaluation by laryngoscopy or bronchoscopy (or both) will facilitate diagnosis of 
other causes of glottic or subglottic obstruction, which might require surgical management. 
Laser therapy for a hemangioma or web can provide defi nitive cure, as can cricoid split and 
augmentation of the subglottic space for an acquired stenosis.

In summary, the pediatrician evaluating the child with stridor should be aware of 
the various clinical entities that can present with stridor, be able to recognize by history or 
physical examination patients who require further evaluation, initiate simple diagnostic tests, 
and refer to appropriate subspecialty physicians those children with unusual presentations 
or poor response to conventional therapies.

When to Refer

• Progressive or continuous stridor
• Poor weight gain or growth associated with persistent stridor
• Repeated hospitalization
• Presence of cutaneous hemangiomas in association with persistent stridor

When to Admit

• Respiratory distress or hypoxemia
• Inability to eat or drink
• Altered mental status or signs of fatigue
• Stridor associated with signs of increased intracranial pressure

TOOLS FOR PRACTICE

Engaging Patient and Family
• What Is a Pediatric Otolaryngologist? (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/family-life/health-management/pediatric-specialists/
Pages/What-is-a-Pediatric-Otolaryngologist.aspx)
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Chapter 75

Substance Use: Initial 
Approach in Primary Care

Sharon Levy, MD, MPH; Sarah Bagley, MD

 INTRODUCTION
Pediatricians in primary care encounter many youth who have experience with alcohol, mari-
juana, and other drugs. Th ey may identify a youth because parents or teachers have expressed 
a concern about use of substances, because the youth has physical signs or symptoms suggest-
ing substance use, because there are nonspecifi c symptoms that may suggest substance use 
(eg, declining school performance or attendance, car crash, association with friends who are 
using substances), or because an asymptomatic youth has a positive substance-use screening 
test result. Whether the use identifi ed is sporadic or regular, it can have negative health eff ects 
related to the direct consequences of the substances or associated risky behaviors. Identifying 
and addressing substance use to minimize harm is an important task for the primary care 
physician (PCP). Because substance use is closely associated with morbidity and mortality 
in this age group, the American Academy of Pediatrics (AAP) recommends that pediatricians 
achieve competence in identifying and intervening to reduce substance use by youth, as well 
as supporting the care of youth with substance use disorders (SUDs).1

Perceived limitations of time for adequate psychosocial evaluation, discomfort addressing 
sensitive issues, or lack of familiarity with available therapeutic resources may prevent physi-
cians from thoroughly and appropriately addressing substance use with adolescents. However, 
as with other disorders, assessment is required in order to determine the appropriate setting 
and level of care. More often than not, sensitivity to these issues, attention to adolescents’ 
risk behaviors in general, and periodic follow-up in the primary care setting are adequate to 
help keep adolescents safe and healthy.

 ADOLESCENT BRAIN DEVELOPMENT
Th e human brain continues to develop until the middle of the third decade of life. Th e 
prefrontal cortex—which controls impulses, attention and organization—matures last, well 
after the parts of the brain that are involved in pleasure and reward. Th is developmental 
“imbalance” is correlated with stimulation seeking and risk-taking behavior that is typical of 
adolescence. Use of psychoactive substances is one way, albeit dangerous and unhealthy, in 
which youth may fulfi ll a natural inclination for stimulation and reward. It is not surprising, 
therefore, that rates of psychoactive substance use peak in adolescence and early adulthood. 
Seen in this perspective, substance use can be understood as an (unhealthy) mechanism for 
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fulfi lling a normal drive, rather than as purely deviant behavior. Adolescents also may 
use psychoactive substances for a variety of other reasons: to fi t in social situations in which 
others are using substances; because of expectations that use will be pleasurable; as a form 
of risk taking or stimulation seeking; or to relax, relieve anxiety, improve mood, or relieve 
symptoms of a mental health disorder. Identifying the reasons that underlie substance 
use can help physicians to target counseling, advice, and strategies that are most salient to 
the adolescent.

Unfortunately substance use, even without symptoms that rise to the level of a “disorder,” 
is associated with signifi cant health problems, including injuries, accidents, unintentional 
sexual activity, and sexually transmitted infections. Early initiation of substance use is also 
associated with increased risk of developing a severe SUD (otherwise known as addiction), 
which is a chronic medical condition that causes neurologic changes. Th e AAP recommends 
that physicians routinely screen every adolescent for substance use and deliver an appropriate 
intervention geared towards preventing or reducing substance use.1 When a child is referred 
for specialty care of a substance abuse problem, the AAP recommends that the physician 
remain involved with the child and family, supporting their positive view of treatment, 
monitoring progress, and providing complementary primary care services.

 PREVALENCE OF SUBSTANCE USE
Alcohol, marijuana, and tobacco are the most commonly used substances among youth. 
By the end of 12th grade, 52% of students report being drunk at least once, as do 12% of 
eighth-graders. Lifetime rates of use of any illicit drug increased in 2013, driven mainly by 
increasing rates of marijuana use. Perception of risk related to marijuana use continues to 
fall, likely foreshadowing continued increases in use over the next few years. Prescription 
drug misuse continues to be a concern, with 15% of 12th-graders reporting misuse of a 
prescription drug in the prior year.2 Rates of tobacco use by youth declined from 1996 
to 2010, though over the past few years rates have plateaued. “E-cigarettes,” which are 
electronic devices that vaporize liquid nicotine, are marketed as a tobacco cessation device 
but are sold in fl avors such as bubble gum and cotton candy that are attractive to children 
who may initiate their “smoking careers” with these devices. Use of tobacco products often 
precedes use of other substances. Youth who smoke cigarettes are 5 times more likely than 
nonsmokers to use alcohol, 13 times more likely to use marijuana, and 7 times more likely 
to use cocaine or heroin.3

 CLASSIFICATION OF SUBSTANCE USE DISORDERS
Th e Diagnostic and Statistical Manual, 5th Edition (DSM-5), released in May 2013, included 
new criteria and replaced the terms “substance abuse” and “substance dependence” with 
SUD—mild, moderate, or severe. Th e new diagnostic classifi cation is based on the number 
of criteria that are met: 2 to 3 constitute a mild disorder, 4 to 5 moderate, and 6 or more 
severe. Meeting criteria for a mild or moderate SUD indicates particularly hazardous use or 
that an individual has begun to have problems associated with use. Although there are no 
clear referral guidelines for adolescents with an SUD unless there is a co-occurring mental 
illness, those with a mild SUD can likely be managed in primary care. Patients with a moder-
ate SUD may not require a referral to subspecialty care, and the referral decision can be left 
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to the discretion of the PCP and his or her comfort with managing SUDs. Meeting criteria 
for severe SUD suggests that an individual would likely benefi t from specialized treatment 
for SUDs. However, because many adolescents with a severe SUD will not accept a referral 
to treatment, PCPs should be prepared to manage these patients in primary care while 
trying to facilitate completion of the referral. While not an offi  cial diagnostic term, “addic-
tion” refers to loss of control or obsessive use of a substance associated with neurologic 
changes in the brain’s reward center. Because there is no cure for addiction, long-term 
treatment is recommended. Eff ective, evidence-based treatments, including medication and 
psychosocial support, are available.

Th e following sections will describe the physician’s role in screening for substance use, 
assessment of severity, and management of adolescents who are using substances.

 CONFIDENTIALITY AND SUBSTANCE USE
Given that substance use is one of a number of sensitive topics that may come up in the course 
of adolescent care, PCPs should have a systematic way to establish “limits” of confi dentiality 
with both youth and parents in the practice. Th is is particularly important before a pedia-
trician begins taking the medical history and screening for drug use. Discussions between 
the pediatrician and patient should remain confi dential unless the pediatrician determines 
that the reported behaviors are putting either the patient or someone else at acute risk 
of harm. Determining whether a behavior requires breach of confi dentiality is a matter of 
clinical judgment; in most cases reports of occasional tobacco, alcohol, or marijuana use 
can be kept confi dential, though a physician may decide to involve parents if a child is very 
young or being treated for a medical condition that could be dangerously aff ected by sub-
stance use. Even when there is no reason to breach confi dentiality, it is often best to request 
permission from the youth to engage with parents for their support. In situations where a 
parent is already aware of use, the youth may be willing to share information, particularly if 
he or she has agreed to a quit attempt or to engage in further treatment.4

 SCREENING TOOLS
At each health supervision visit with an adolescent or preadolescent patient, pediatricians 
should include a psychosocial interview to assess family and peer relationships, academic 
progress, recreational activities, sexual behavior, and drug use. HEADSSS is an acronym 
that can help physicians to inquire about key domains: home, education, activities, drugs, 
safety, sexuality, and suicide or depression.5 Pre-visit questionnaires are also available to 
capture this information.

Th is data gathering does not substitute for screening. Standardized, validated tools are 
recommended when screening for substance use in order to improve sensitivity of report and 
accuracy of triage based on screen results6–12 (Table 75-1). Using screening tools minimizes 
the likelihood that substance use problems or disorders are missed, as commonly occurs 
when screening on clinical impressions alone.13

Screening allows pediatricians to stratify youth into risk categories. Each of the recom-
mended tools does this in a slightly diff erent way, though most include “no use,” “lower-
risk use,” “moderate-risk use,” and “high-risk use,” with “lower-risk use” corresponding to 
use without a DSM-5 SUD and “high-risk” corresponding to a mild, moderate, or severe 
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SUD. In this chapter we describe interventions for each of these levels of risk. Some tools 
do not discriminate between moderate and high risk; in these cases the assessment is used 
to determine which youth have developed a severe SUD that will benefi t most from refer-
ral to subspecialty care. Interventions for each stage are described below, in the section on 
Counseling to Reduce Drug Use and High-Risk Behaviors. 

 ADVICE AND COUNSELING FOR LOW-RISK YOUTH
PCPs should provide youth who are not using substances or are “lower risk” with positive 
encouragement about their smart and healthy choices. Th is is an opportunity to provide 
education about the risks of using substances in addition to anticipatory guidance about 
how to manage situations when alcohol or other drugs will be available.1 Importantly, it 
is recommended that the PCP include a discussion of the risks of impaired driving and 
help the adolescent plan for times when a driver may have used alcohol or drugs. Students 
Against Destructive Decisions (SADD) has a helpful framework for physicians to use with 
patients and parents for driving safety (see Tools for Practice: Engaging Patient and Family 
at the end of this chapter).14

 PRIMARY CARE OF YOUTH WHO ARE USING SUBSTANCES
Assessment
Assessment is performed with youth whose screen result puts them in the “moderate risk” or 
“high risk” category in order to determine the problems associated with use and the eff ect of 
substance use on their functioning at home, at school, and with peers. Assessment can include 

Table 75-1
Substance Abuse Screening and Assessment Tools 

for Use With Adolescents
BRIEF SCREENS

S2BI • 2-question frequency screen
• Screens for tobacco, alcohol, marijuana, and other illicit drug use
• Discriminates between no use, no SUD, moderate SUD, and 

severe SUD, based on DSM-5 diagnoses

Brief Screener for Tobacco, 
Alcohol, and Other Drugs (BSTAD)

• Identifi es problematic tobacco, alcohol, and marijuana use 
in pediatric settings

NIAAA Youth Alcohol Screen • 2-question screen
• Screens for friends’ use and own use

BRIEF ASSESSMENTS 

Car, Relax, Alone, Friends/
Family, Forget, Trouble (CRAFFT)

• A good tool for quickly identifying problems associated with 
substance use

• Not a diagnostic tool

Global Appraisal of Individual 
Needs (GAIN)

• Assesses for both SUDs and mental health disorders 

Alcohol Use Disorders 
Identifi cation Test (AUDIT)

• Assesses risky drinking
• Not a diagnostic tool

DSM-5, Diagnostic and Statistical Management of Mental Disorders, Fifth Edition; SUD, substance 
use disorder.
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Table 75-2
Key Details to Assess in High-Risk Patients

SUBSTANCE KEY HISTORICAL ELEMENTS

Alcohol • Age of fi rst drunkenness
• Frequency of drinking episodes
• Typical amount of alcohol consumed
• Greatest amount of alcohol consumed
• History of blackouts, overdose, emergency department visits
• Problems associated with alcohol use
• Quit attempts

Marijuana • Age at initiation
• Frequency of marijuana use
• History of paranoia and/or hallucinations
• Problems associated with marijuana use
• Quit attempts

questions about age of initiation, frequency, and, for alcohol, quantity of use—information 
that assists the physician in identifying acute risk (such as very heavy alcohol consumption) 
as well as personalizing medical advice (such as discussing the eff ect of daily marijuana use 
on the adolescent brain). Asking about associated problems, troubles, regrets, and quit 
attempts may also identify areas of ambivalence that can be incorporated into a discussion 
of behavior change. Th ese problems can be used as a fulcrum to turn the discussion toward 
a behavior change plan identifi ed by the youth.

In general, open-ended questions such as “Tell me about your history of alcohol 
use” encourage more reporting than closed-ended questions. However, physicians may 
need to prompt adolescents for certain information that is important for formulation. 
Suggested historical elements are listed in Table 75-2. With a focus on problems associ-
ated with substance use, a clinical history can be used as the fi rst step in an interven-
tion. Information about use of tobacco, inhalants, and other psychoactive and illicit 
substances and misuse of prescription or over-the-counter medications also helps to 
formulate clinical impressions and treatment recommendations. Th e National Institute 
of Alcohol Abuse and Alcoholism’s Alcohol Screening and Brief Intervention for Youth: 
A Practitioner’s Guide and the AAP Policy Statement on Screening, Brief Intervention, 
and Referral to Treatment both explain in detail the recommended approach to screening 
and brief intervention for adolescents.1,8

A parent, teacher, or other caregiver may notice nonspecifi c signs or symptoms that may 
indicate substance use. If these are reported, the youth should be assessed for a potential 
SUD through a careful history regardless of screen results. See Table 75-3 for other condi-
tions that may mimic or co-occur with substance use. In addition, certain risk factors such 
as early initiation of use, family history of SUDs, and co-occurring mental health disorders 
increase a youth’s susceptibility to developing an SUD. When available, this information 
should be considered in the overall assessment of each patient.

As with screening, an accurate substance use history can be best obtained in an atmo-
sphere of confi dentiality, privacy, and trust; it is recommended that parents be excluded 
from the interview.
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Table 75-3
Conditions That May Mimic or Co-occur With 

Substance Use
CONDITION RATIONALE

Learning problems or disabilities Unidentifi ed learning diffi culties can contribute to frustration 
and stress, school failure, and association with peers who use 
substances, all of which can increase the chances of developing a 
substance use disorder (SUD). See Chapter 49, Learning Diffi culty, 
to explore this possibility.

Depression or bipolar disorder Marked sleep disturbance, disturbed appetite, low mood, or 
tearfulness could indicate that a youth is depressed. Symptoms 
of depression rapidly alternating with cycles of agitation may 
suggest bipolar mood disorder. See Chapter 14, Depression.

Exposure to adverse childhood 
experiences (ACE)

Youth who have experienced or witnessed trauma, violence, a 
natural disaster, separation from a parent, parental divorce or 
separation, parental substance use, neglect, or physical, emo-
tional, or sexual abuse are at high risk for developing emotional 
diffi culties such as adjustment disorder or posttraumatic stress 
disorder (PTSD). Consider PTSD if the onset or acceleration of 
substance use was preceded by an extremely distressing 
experience. Physicians should speak separately and confi dentially 
with the youth and parents to explore this possibility. Parents 
are often unaware of exposures that children may have had at 
school or in the community and may also underestimate the 
effect on children of major traumas in the family (eg, serious 
illness in a parent, maltreatment of the child, death or incarcera-
tion of a loved one). See also Chapter 6, Anxiety.

Other anxiety disorders Anxiety disorders commonly co-occur with SUDs, and the 
relationship is bidirectional: anxious youth may be more likely 
to use substances, and conversely, substance use may cause or 
precipitate anxiety disorders.

Physical illness Drug or alcohol withdrawal may present as a physical illness and 
is potentially a medical emergency. Psychiatric symptoms may 
be associated with medical illness (eg, encephalitis/cerebritis) 
and may be mistaken for drug intoxication.

Psychosis Though rare, the onset of bipolar disorder or schizophrenia in 
late adolescence may be subtle and marked only by frighten-
ing hallucinations or delusions that the youth does not disclose. 
These symptoms may result from, precipitate, or accelerate the 
use of substances.

Attention-defi cit/hyperactivity 
disorder (ADHD)

Adolescents with ADHD have higher rates of SUDs than peers. 
Some studies have suggested that stimulant treatment for 
adolescents with ADHD may lower the risk of developing an SUD, 
though fi ndings have been inconclusive. There is no evidence 
that stimulant treatment increases risk of developing an SUD. 
See Chapter 45, Inattention and Impulsivity.
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Physical Examination
Th e medical complications of chronic substance use, although sometimes severe, usually do not 
appear until after adolescence. Nonetheless, a complete evaluation for an SUD includes a com-
plete physical examination; signs and symptoms of acute intoxication or chronic use should be 
noted if present. Table 75-4 lists physical signs and symptoms of acute and chronic substance use.

Table 75-4
Physical Findings Potentially Indicating Substance 

Use and Abuse

ACUTE INTOXICATION CHRONIC IMPAIRMENT 
DRUG(S) 
TO CONSIDER 

General Appearance Altered mood, strange/
inappropriate behavior

Poor dress or hygiene Any drug

Vital Signs  Weight loss Heroin, cocaine

Hypertension Hypertension Cocaine, 
amphetamine

Hypotension, 
hypothermia

Heroin

Hyperthermia Cocaine, amphet-
amine, ecstasy

Tachycardia Marijuana, cocaine, 
amphetamine

Ears, Nose, and 
Throat 

Conjunctival injection  Marijuana, inhalants

Dilated pupils Cocaine, 
amphetamines

Constricted pupils Opioids

Sluggish pupillary 
response

Barbiturates

Nasal irritation Cocaine, inhalants, 
opioids (if sniffi ng)

Cardiac Arrhythmias Arrhythmias Methadone, cocaine, 
amphetamine

Chest  Gynecomastia Marijuana, anabolic 
steroids

Genitourinary  Testicular atrophy, 
clitoromegaly

Anabolic steroids

Skin  Acne, hirsutism Anabolic steroids

Abscesses, needle 
track marks

IV drug use

Neurologic Altered sensorium  Any substance

Ataxia Alcohol, barbiturates

Nystagmus Barbiturates

Hyporefl exia or 
hyperrefl exia

Marijuana, cocaine, 
amphetamine
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Laboratory Testing
Drug testing may be a useful part of a complete assessment for an SUD, particularly 
when a parent or other adult is concerned and the adolescent denies use. As with any 
laboratory test, this procedure yields limited information and should be used only as 
an adjunct to the history and physical examination. The use of drug testing in general 
populations (eg, school drug testing programs) has less utility and many associated 
ethical and legal concerns. Parents may request that the pediatrician perform a urine 
drug test; however, testing and sharing of the results should only be done with the 
permission of the adolescent. If an adolescent refuses a test that is indicated, parents 
can be coached to implement logical consequences as they would in other circum-
stances, such as refusal to do homework or chores. If there is concern for harm, then 
the pediatrician should consider breaching confidentiality. Drug testing is a complex 
laboratory procedure with significant potential for false positive and false negative 
results; the AAP has produced a clinical report to help guide physicians on how to use 
this procedure most effectively.

General Care
PCPs are positioned to provide eff ective care to youth who are using substances, including 
youth who also need specialty services.

Reduce Stress
Consider the child’s social environment (eg, family social history, parental depression screen-
ing, results of any family assessment tools administered, reports from child care or school). 
Questions to raise might include the following:

Is an external problem (adverse experience such as abuse, bullying, or family socioeconomic 
stress) adding to the youth’s stress? Take steps to explore and reduce stressors, as feasible.

Are the youth’s peers using substances? Explore options to increase healthy social and recre-
ational activities and reduce contact with peers who are using substances. Youth with severe 
SUDs can be encouraged to change their phone numbers and eliminate old contacts to 
avoid being contacted by old friends with whom they previously used drugs. Unfortunately, 
it is impossible to isolate youth with SUDs from substances. Part of treatment is teaching 
youths to identify high-risk situations, avoid them when possible, and use strategies to avoid 
use even when confronted with others who are using. In some communities, youth may 
be able to attend a recovery high school. Recovery high schools are accredited schools that 
provide a safe and sober environment for youth with a substance use history to continue 
their education. Every school has a diff erent approach that includes provision of continued 
support for students’ recovery.

Th e physician also can acknowledge and reinforce protective factors such as good relation-
ships with at least 1 parent or important adult, prosocial peers, concerned or caring family, 
help-seeking, and connection to positive organizations.

Encourage Healthy Habits
Encourage exercise, outdoor time, a healthy and consistent diet, sleep (critically important 
to mental health), limited screen time, one-on-one time with parents, and time with peers 
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who are not using substances. Off er praise for positive behavior changes, acknowledgment 
of the youth’s strengths, and acknowledgment of the challenges the youth may be facing 
with transitions including new schools, new friends, new social circles, and new academic 
demands. Acknowledge that while the patient’s friends may be using substances heavily, 
most of their same-age peers do not binge drink or use drugs.

Encourage involvement in prosocial activities such as youth development, leadership, 
volunteer, and after-school activities; sports teams, clubs, and mentoring; and faith-based 
programs. A strengths-based approach that capitalizes on interests, talents, and future goals 
is most eff ective.

Off er Resources
Helpful resources are included in Tools for Practice: Engaging Patient and Family. Provide 
contact numbers in case of an emergency.

Monitor Progress
School reports, as well as youth and parent feedback, can be helpful in monitoring progress.

Counseling to Reduce Drug Use and High-Risk Behaviors
Th e strategies described below are common elements of evidence-based and evidence-
informed psychosocial interventions for the use of substances. Th ey are applicable to the 
primary care of youth in the early stages of substance use and to the initial management of 
youth in more advanced stages while readying them for, or awaiting access to, substance 
abuse specialty care.

Tailor intervention to stage of use. Depending on the screening tool used, levels of risk 
include abstinence, lower risk (ie, use but no SUD), moderate risk (ie, mild or moderate 
SUD), high risk (ie, youth with a severe SUD), and acute risk, which is determined as part 
of the assessment of moderate and high risk youth. Interventions for each stage of change 
are described in Table 75-5. 

Use motivational interviewing techniques (Table 75-6). Th e physician can explore ambiva-
lence about use and readiness to enter treatment and negotiate achievable next steps in an 
empathetic and supportive manner. For high-risk youth, change plans can focus on eliminat-
ing highest-risk behaviors (such as driving or riding with an impaired driver) and on engaging 
in ongoing treatment. Th e physician should help parents be supportive of behavior change 
and coach them to avoid inadvertently enabling ongoing use.

If the youth has a history of either driving or being driven by an individual who has been 
using alcohol, negotiate a safety plan. Students Against Destructive Decisions (SADD) has a 
Contract for Life that can be signed by both a parent and a youth to ensure that the youth 
has a plan for a safe ride home.14

Referral to Specialty Treatment
Th e challenge continually posed to pediatricians is to recognize when a patient’s substance 
use becomes signifi cant enough to warrant referral to a treatment program or facility 
rather than being treated solely in the primary care setting. Th e AAP statement regarding 
screening, brief intervention and referral to treatment (SBIRT) provides specifi c guidance 
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Table 75-5
Substance Use Spectrum and Goals for Offi ce Intervention 

STAGE/TRIAGE CATEGORY DESCRIPTION
OFFICE-BASED 
INTERVENTION GOALS

Abstinence No use of drugs or alcohol Positive Reinforcement 
Prevent or delay initiation of 
substance use through positive 
reinforcement. Include 
statement about use norms, 
especially for younger children.

No substance use 
disorder (SUD)

Use of alcohol or marijuana 
with peers in relatively low-risk 
situations; without related 
problems or interference with 
domains of functioning—such 
as school, sports, hobbies, or 
home life.

Brief Advice 
Encourage cessation through 
brief medically based advice, 
particularly as it relates to 
patient’s future goals. Promote 
patient strengths.

Mild/moderate SUD As defi ned by DSM-5. Ado-
lescents with mild/moderate 
SUDs typically have associated 
problems or high-risk behaviors 
associated with use.

Brief Motivational Intervention 
Encourage cessation even for 
a brief trial period if patient is 
willing. Reduce potential harm 
by reducing use and focusing 
on highest-risk behaviors. 
Encourage parent involvement 
to help with follow-through. 
Follow up with primary physician 
or allied mental health profes-
sional to continue conversation 
and harm reduction.

Severe SUD (addiction) As defi ned in DSM-5. Loss of 
control or compulsive drug use, 
as “dependence” is defi ned in 
DSM-IV-TR. 

Brief motivational interven-
tion targeting referral into 
ongoing treatment. Encourage 
reducing use and high-risk 
behaviors and engaging 
adolescent to accept a referral 
to treatment. Share diagnosis 
and referral information with 
parents, if possible. Follow-up 
by primary care physician to 
ensure compliance and encour-
age long-term treatment.

Acute risk Use associated with acute risk 
of overdose or in a situation 
that is physically risky.

Intervention for safety may 
include breaching confi dental-
ity to inform parents about use 
and referral to treatment in a 
timely fashion. Verbal contracts 
not to use while awaiting a 
formal evaluation and advice to 
parents on how to monitor and 
what to do in case of escalation 
may also be helpful.

From Levy SJ, Kokotailo PK. Substance use screening, brief intervention, and referral to treatment for 
pediatricians. Pediatrics. 2011;128(5):e1330–e1340. 
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for when to refer patients and to which level of care.1 Following is a list of indications 
for specialty referral:
• Child younger than 15 years with a positive screen for moderate- or high-risk

substance use.
• Interventions by PCP have not reduced use.
• Drug use is endangering the youth or others.
• Drug use is threatening the achievement of developmentally important goals, such as

school attendance and performance, or relationships.
• Co-occurring mental health disorders are present.
• Youth has a history of trauma.
• Youth is using drugs other than alcohol, marijuana, or tobacco.
• Parents are not involved, do not acknowledge concerns, or one or both parents have an

active SUD.
If the child is referred to a specialist, the family will probably need assistance in

navigating the requirements of their health insurance plan or the public mental health 
system and selecting an appropriate physician. Th e PCP and specialist will need to 
reach agreement on respective roles in the youth’s care and establish a mechanism for 
communicating progress. Th e PCP can support the youth by encouraging his or her 
positive view of treatment; monitoring progress in care and observing for co-occurring 
disorders; coordinating care provided by parents, school, medical home, and specialists; 
and encouraging parents to seek treatment for tobacco use and other dependencies. 
Resources available to help physicians in these roles are provided in Tools for Practice at 
the end of this chapter.

Table 75-6
Sample Framework for Brief Motivational Intervention

PROCESS DESCRIPTION

Assessment and 
summary

Targeted assessment for areas of ambivalence to establish rapport and 
develop a discrepancy between current status and future goals. Sample 
questions
• What problems (if any) have you had, related to your use of substances? 
• What regrets (if any) do you have, related to your use of alcohol?
• What trouble (if any) have you had, related to your use of marijuana? 

Brief advice Offer specifi c medical advice to quit or cut down substance use as a means 
for decreasing the types of problems reported during the assessment.
Sample statement
• Only you can decide whether or not to drink alcohol. In regard to your 

health, I recommend you quit.
• Having a blackout means that you have had enough alcohol to poison 

your brain cells, at least temporarily.
• Kids often make bad choices, like the decision to have sex without a 

condom, when they are drinking.

Planning Engage patient in setting personal goals and agenda for change and link to 
follow-up. Sample statement
• It sounds like you really enjoy drinking and also don’t want to have 

another blackout. What could you do to protect yourself?
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Adolescents (and in some cases their parents) may resist treatment of an SUD. In these 
cases the following steps may be helpful:
• If a referral is clearly indicated, partner with parents to increase the likelihood of follow-

through. Clarify with the youth the relevant laws and protections for minors. In many 
states, parents can fi le an order with the police to help enforce house rules. Depending 
on the situation, it may be necessary to involve the designated child protection agency.

• Provide education and motivational counseling to youth (and family, as appropriate) to 
reduce harm and improve functioning at home. Even if the youth is unwilling to engage 
with specifi c substance use treatment, he or she may be willing to see a licensed clinical 
social worker or psychologist.

 SUMMARY
Primary care pediatricians commonly encounter adolescents whose parents or teachers have 
concerns about their use of substances, who have signs or symptoms of substance use, or 
who have a positive screening test for substance use. In adolescents who are known to be 
using substances or who have other concerning signs or history, PCPs can perform a full 
assessment, including a physical examination and detailed substance use history. Laboratory 
testing can be used as an adjunct to the history and physical examination.

PCPs are positioned to provide care to youth who are using substances. PCPs can rein-
force strengths and healthy behaviors and, by applying evidence-based brief interventions, 
can often be eff ective in preventing these youth from escalating their use of substances and 
in motivating them to decrease their use of substances. PCPs can also recognize those youth 
who need the care of substance abuse specialists, motivate youth and families to connect with 
needed services, and off er supportive primary care to youth who are involved in specialty 
care. If youth and their families resist referral for specialty care, PCPs can monitor the youth’s 
progress and provide primary care interventions aimed at reducing substance use and risky 
behaviors while increasing their motivation to seek specialty care.

TOOLS FOR PRACTICE
Engaging Patient and Family
• Adolescent Addiction (Web site), Home Box Offi  ce (www.hbo.com/addiction/adolescent_

addiction)
• Become an EX (Web site), American Legacy Foundation (www.becomeanex.org)
• Campaign for Tobacco-Free Kids (Web site), (www.tobaccofreekids.org)
• Contract for Life (Web page), Students Against Destructive Decisions (www.sadd.org/

contract.htm)
• Julius B. Richmond Center of Excellence (Web site), American Academy of Pediatrics 

(www.aap.org/richmondcenter)
• National Institute on Drug Abuse (Web site), (www.drugabuse.gov)
• National Youth Anti-Drug Media Campaign (Web Site), Offi  ce of National Drug Control 

Policy (www.abovetheinfl uence.com)
• NIDA for Teens (Web site), National Institute on Drug Abuse (teens.drugabuse.gov)
• Talk. Th ey Hear You (campaign), Substance Abuse and Mental Health Services Adminis-

tration (teens.drugabuse.gov)
• Smokefree.gov (Web site), US Department of Health and Human Services (www.

smokefree.gov)
• Th e Partnership at Drugfree.org (Web site), (www.drugfree.org)

http://www.hbo.com/addiction/adolescent_addiction
http://www.hbo.com/addiction/adolescent_addiction
http://www.becomeanex.org
http://www.tobaccofreekids.org
http://www.sadd.org/contract.htm
http://www.sadd.org/contract.htm
http://www.aap.org/richmondcenter
http://www.drugabuse.gov
http://www.abovetheinfluence.com
http://www.smokefree.gov
http://www.smokefree.gov
http://www.drugfree.org
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Medical Decision Support
• Alcohol Screening and Brief Intervention for Youth: A Practitioner’s Guide (book), National 

Institute of Alcohol Abuse and Alcoholism, American Academy of Pediatrics (www.
niaaa.nih.gov/Publications/EducationTrainingMaterials/Pages/YouthGuide.aspx)

• CRAFFT (screen), (www.ceasar-boston.org/clinicians/craff t.php) 
• Drug Strategies Treatment Guide (Web site), DrugStrategies.org (www.drugstrategies.org/

youths)
• Mental Health Initiatives (Web site), American Academy of Pediatrics (www.aap.org/

en-us/advocacy-and-policy/aap-health-initiatives/Mental-Health/Pages/default.aspx)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Substance Abuse. Substance use screening, brief intervention, 
and referral to treatment for pediatricians. Pediatrics. 2011;128(5):e1330–e1340 (pediatrics.aappublications.
org/content/128/5/e1330.full)

Levy S, Siqueira LM; American Academy of Pediatrics Committee on Substance Abuse. Testing for drugs 
of abuse in children and adolescents. Pediatrics. 2014;133(6):1798–1807 (pediatrics.aappublications.org/
content/133/6/e1798.full)

American Academy of Pediatrics Committee on Environmental Health, Committee on Substance Abuse, 
Committee on Adolescence, Committee on Native American Child Health. Tobacco use: a pediatric 
disease. Pediatrics. 2009;124(5):1474–1487. Reaffi  rmed May 2013 (pediatrics.aappublications.org/con-
tent/124/5/1474.full)

American Academy of Pediatrics Committee on Substance Abuse. Alcohol use by youth and adolescents: a 
pediatric concern. Pediatrics. 2010;125(5):1078–1087 (pediatrics.aappublications.org/content/125/5/1078.full)

Best D; American Academy of Pediatrics Committee on Environmental Health, Committee on Native 
American Child Health, Committee on Adolescence. Secondhand and prenatal tobacco smoke exposure. 
Pediatrics. 2009;124(5):e1017–e1044. Reaffi  rmed May 2014 (pediatrics.aappublications.org/content/124/5/
e1017.full)

Sims TH; American Academy of Pediatrics Committee on Substance Abuse. Tobacco as a substance of abuse. 
Pediatrics. 2009;124(5):e1045–e1053 (pediatrics.aappublications.org/content/124/5/e1045.full)
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Chapter 76

Symptoms of Emotional 
Disturbance in Young 

Children
Mary Margaret Gleason, MD

Although the child is the patient, the primary care physician (PCP) must remain vigilant that 
the child’s behavior, particularly with respect to social-emotional problems, may refl ect diffi  -
culty or dysfunction within the child’s caregiving context. Th is chapter outlines the PCP’s role 
in preventing, identifying, and addressing social-emotional problems in young children—a 
role that is critical because of the numerous associated adverse outcomes, including child and 
family suff ering, school failure, mental and physical illnesses, and fractured social networks 
throughout the lifespan. Th is chapter focuses on children in the fi rst 5 years of life, using the 
term social-emotional problems to describe the full range of behavioral diffi  culties, emotional 
disturbances, and relationship diffi  culties that may occur in early childhood, especially in 
the context of adverse childhood experiences. Th is chapter will refer to the child’s primary 
caregiver as the parents, who may be biologic parents, grandparents, foster parents, or other.

 BACKGROUND AND EPIDEMIOLOGY
During early childhood, social-emotional health develops through a complex interaction of 
a child’s genetic makeup, temperament, and social and physical environment, particularly 
the primary caregiving relationships. Previously, biological risks were not thought to be easily 
modifi able. However, recent research demonstrates that a child’s environment aff ects social-
emotional development directly and can modify gene expression. Th is in turn infl uences the 
structure of the developing brain. Exposure to a wide range of developmental, behavioral, 
economic, social, educational, biologic, or family stresses (also known as adverse childhood 
experiences) can overwhelm the child’s ability to cope, alter the brain’s architecture, and 
lead to impaired social functioning and impulse control.1–3 Examples of events that may 
precipitate toxic stress responses include child neglect; physical, emotional, or sexual abuse; 
exposure to domestic violence; inconsistent parenting; separation from loved ones; impair-
ment of parents or caregivers (eg, chronic parental depression or substance abuse); natural 
disasters; poverty; unsafe housing; and chronic illness or delays in the child’s development.3–6 
Th e eff ect of these stressors on children can vary greatly depending on their developmental 
stage, their social supports, and the type, intensity, frequency, and duration of the stressors. 
Th ere is an additive eff ect of multiple stressors or risk factors, with increased numbers of 
adverse events related to increased risk of adverse outcomes, likely through the disruption of 
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developmentally normative experiences or the repeated activation of the physiologic trauma 
responses.7–9 Th erefore, it is important to identify and ameliorate sources of traumatic stress 
as early as possible. A study by Egger and Angold demonstrated rates of psychopathology 
in very young children similar to rates in older children.10 Th ese disorders can persist and 
interfere with future development and school readiness.11–14

A child’s relationship with caring and nurturing adults is the most critical factor in devel-
oping resilience in the face of the normative stresses of childhood and buff ering a child from 
the adverse eff ects of toxic stresses. Interventions that support the development of positive 
parent-child interactions can positively infl uence a young child’s brain development, intel-
ligence, and central nervous system hormonal patterns.15,16 Specifi cally, these interventions 
focus on ensuring that a child experiences sensitive caregiving, in which a caregiver anticipates 
and responds to a child’s unique physical and emotional needs and responds to a child’s 
positive and negative behaviors consistently, persistently, and contingently. Beginning in 
infancy and continuing through childhood and into adolescence, parents and other care-
givers can support their child’s pro-social behaviors and emotional regulation by modeling 
and reinforcing these behaviors and helping a child organize emotions in response to chal-
lenging situations. Th e foremost role of the PCP is in primary prevention—supporting 
parents and fostering childhood resilience to buff er against the negative eff ects of toxic stress 
(topics addressed in the Institute of Medicine From Neurons to Neighborhoods: Th e Science of 
Early Childhood Development,3 Bright Futures,4 Substance Abuse & Mental Health Services 
Administration reports,5 and the American Academy of Pediatrics (AAP) Policy Statement 
on Toxic Stress, among others.6

Role of the Primary Care Physician
Th e PCP can collaborate with local community partners (eg, developmental-behavioral 
pediatricians, early childhood mental health professionals, early intervention professionals, 
early childhood educators in child care and schools, child advocates, and public health 
agencies) to identify and address stressors that put children in their community at high risk 
for social-emotional problems and to identify and strengthen protective factors. A summary 
of approaches for screening strategies and interventions can be found on the AAP Early 
Brain and Child Development Web site (www.aap.org/en-us/advocacy-and-policy/aap-
health-initiatives/EBCD/Pages/default.aspx). Each group of PCPs and other early childhood 
partners will address the issues unique to their community, but some examples may include 
advocating for the creation of safe outdoor spaces for children’s exploration, for domestic 
violence shelters, for evidence-based nurse visitation programs, for increased access to Head 
Start or other enriched early childhood caregiving environments, or for appropriate access to 
prenatal care and postnatal nutrition. Universal prevention approaches also occur within the 
primary care practice. Physicians can create an environment in which parents feel comfortable 
raising questions about emotional or behavioral concerns by asking about social-emotional 
development with open-ended questions, including these topics as part of anticipatory guid-
ance, and including literature promoting social-emotional well-being in the waiting room. 
For children with overt social-emotional problems, PCPs are often the fi rst professionals who 
identify the problem as a clinical issue that warrants attention. Th erefore, they are responsible 
for supportive communication about the concern, as well as collaborating with their com-
munity partners to enhance access to specialty treatment and monitoring treatment eff ects.

http://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/EBCD/Pages/default.aspx
http://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/EBCD/Pages/default.aspx
http://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/EBCD/Pages/default.aspx
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Findings Suggesting Social-Emotional Problems or Risk Factors 
for Problems
Th e symptoms that suggest social-emotional problems for children younger than 5 years can 
be identifi ed in the child, the caregiver, or the relationship between the child and caregiver. 
A summary of some the clinical fi ndings that may indicate the need for further assessment 
can be found in Box 76-1.

Tools to Assist With Identifi cation
Validated, standardized screening instruments may be used to identify children at high 
risk for having social-emotional problems, either because of parent-reported symptoms or 
the caregiving environment. Table 76-1 provides examples of general psychosocial screen-
ing instrument results that may suggest a child has social-emotional problems. Negative 
screens indicate that a child is within a lower-risk group, and can be an opportunity for 
positive feedback or may guide anticipatory guidance. A negative screen should not over-
ride clinical judgment if a PCP has concerns because of history or observations. With all 
parent report measures, but especially in early childhood mental health, it is particularly 
important to recognize that a parent report refl ects that parent’s perception of the child’s 
behaviors. Positive screens may indicate that the child has a mental health problem, that the 
parent is experiencing extreme distress (because of the child or another cause), or that there 
is a problem within the relationship between the parent and the child. All 3 possibilities 
have implications for the child’s development and warrant clinical attention. Th erefore, 
a positive screen should be followed by further assessment to determine more about the 
clinical concern.

 ASSESSMENT
Assessment begins by diff erentiating the child’s symptoms from normal behavior. Children 
vary in temperament and in their capacity to self-regulate and adapt. Virtually all young 
children exhibit challenging behaviors at times, especially during periods of adjustment to 
new environmental circumstances such as birth of a sibling, a move, a new child care arrange-
ment, or a family crisis. Children with social-emotional problems may experience more severe 
and persistent emotional or behavioral reactions to these normative stresses or even in the 
absence of an acute stressor. Th ere are also some conditions that may mimic or co-occur 
with social-emotional problems of young children. Table 76-2 provides a summary of these 
conditions. Extreme temper tantrums or emotional or behavioral responses to small events 
such as limit setting can refl ect a range of clinical issues. Figure 76-1 provides categories of 
possible child, parent, or relationship diffi  culties that should be considered when a parent 
reports concerns about the child’s emotional or behavioral development. Importantly, it 
should be considered that a maladaptive behavior often represents the only set of tools a child 
has to cope with an overwhelming emotion, such as anxiety, frustration (with self or other), 
or distress. Additionally, it is important to address parental concern about social, emotional, 
or behavioral patterns, even if the PCP does not identify atypical development. Providing 
parental support around parenting stresses, wondering about alternative attributions for 
behavior, strategizing around safe, consistent, nurturing responses to diffi  cult behaviors, 
and close follow-up all may be helpful.
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BOX 76-1

Symptoms and Clinical Findings Suggesting 
Social-Emotional Problems in Children Younger 
Th an 5 Years
CONCERNS ABOUT THE CHILD’S 
BEHAVIOR OR EMOTIONS 

• Child has regulatory diffi  culties evidenced 
by diffi  culty calming, irregular sleep or 
feeding patterns, or excessive sensitivity to 
sensory experiences.

• Child demonstrates diffi  culty organizing 
behaviors and demonstrates extreme aggres-
sion or severe or persistent tantrums that 
involve injury or damage to objects.

• Child has experienced signifi cant diffi  culty 
adjusting to child care or preschool or has 
been expelled from child care or preschool.

• Child’s activity and impulsivity levels are 
excessive for developmental age.

• Child’s mood is unhappy, irritable, or 
lacking in true joy more frequently than 
the average child.

• Child shows more anxiety than others his 
age, especially related to specifi c triggers 
or traumatic reminders, separation from 
caregiver, or experiencing new situations.

• Child will not talk in public even with 
reassurance.

• Child has excessively rigid behavioral 
patterns or “habits” that interfere with 
typical functioning.

CONCERNS ABOUT CAREGIVER 

• Caregiver is unable to consider the child’s 
strengths, becomes disorganized when 
talking about the child, or talks about the 
child using only a negative tone.

• Caregiver does not anticipate a child’s need 
for comfort or does not off er appropriate 
comfort in new situations or times of distress.

• Caregiver is excessively protective of 
child and does not allow developmentally 
appropriate exploration.

• Caregiver is or has been abusive or 
neglectful (eg, involvement with child 
protection).

CONCERNS ABOUT RELATIONSHIP 

• Child does not or cannot elicit comfort or 
reassurance eff ectively from caregiver in 
times of distress (eg, immunizations or 
separations).

• Child (older than 9 months [developmen-
tal age]) does not look to caregiver in novel 
situations or to share joy or excitement.

• Child does not manifest age-appropriate 
stranger anxiety.

• Child has not met appropriate social mile-
stones related to social reciprocity, peer 
interactions, adult interactions, or focused 
attachment (comfort-seeking) behaviors 
with a primary caregiver.

• Child’s relationship with caregiver has 
been disrupted (eg, foster care, military 
deployment of parent, death of parent).

RISK FACTORS FOR INCREASED 
SUSCEPTIBILITY 

• History of maltreatment or signifi cant 
caregiving disruption (such as is seen in 
children in foster care, those who have 
been adopted, or those with other caregiv-
ing disruptions)

• Family stressors (eg, poverty, divorce, single 
parenting, unemployment, limited access 
to health care, lack of safe and aff ordable 
housing or food, social isolation, commu-
nity violence)

• History of adverse childhood experience in 
parents

• Parental substance abuse, mental illness, or 
domestic violence
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Table 76-1
General Psychosocial Screening Results Suggesting 

Social-Emotional Problems
SCREENING AREA  SCREENING INSTRUMENT  SCORE 

Child Baby Pediatric Symptom Checklist (B-
PSC) (irritability, infl exibility, diffi culties 
in parenting)
Preschool PSC (internalizing, exter-
nalizing, attention, and parenting 
challenges)

A score of 3 or above is considered 
positive.

A score of 9 or above is considered 
positive.

Early Childhood Screening Assess-
ment (assesses emotional and behav-
ioral development in young children 
18–60 months old and maternal 
distress)

A score of 18 or higher on items 
1 through 36 indicates a higher than 
usual risk of disorder. A score above 
1 on 37 or 38 may refl ect parenting 
stress. A score of at least 1 on items 
39 or 40 suggests risk of caregiver 
depression.

Ages & Stages Questionnaire: Social-
Emotional (ASQ:SE) (useful as early as 
4 months to screen for problems in 
caregiver-infant bond and interaction)

Each measure includes specifi c 
instructions about cutoff score for 
that age.

Environment Edinburgh Postpartum Depression 
Scale

Score of 12 or above is considered 
positive.

Parent Health Questionnaire-2 Any positive response is considered 
positive.

Abuse Assessment Screen Positive response to any question 
indicates high risk of interpersonal 
violence.

Safe Environments for Every Kid 
(SEEK)

Positive reponses suggest presence 
of family stressors.

Caregiver Strain Questionnaire Score of 7 or more suggests high level 
of caregiver strain.

Bright Futures Surveillance Questions Answers suggest social-emotional 
stressors.

Parenting Stress Index Results suggest high levels of stress 
associated with parenting, or within 
the parent-child relationship.

Th e special circumstance of a chronic or signifi cant medical problem should be consid-
ered, as it may trigger social-emotional problems in a range of domains. Young children with 
chronic medical problems are more likely to experience developmental delays and traumatic 
experiences in the form of medical procedures and separations from parents, and may be 
seen as particularly vulnerable by their parents because of their medical condition. Th ey may 
also take medications that may aff ect mood regulation (eg, steroids) or have primary central 
nervous system lesions that interfere with emotional, behavioral, or developmental regula-
tion. Similarly, although all children with growth failure should be evaluated for underlying 
medical problems, psychosocial growth failure can occur in the context of an inadequate 
caregiving environment, and the role of the caregiving environment as a protective or risk 
factor should be considered in all cases of growth failure. (See Figure 76-1.)
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Table 76-2
Differential Diagnosis of Extreme Emotional 

or Behavioral Dysregulation
DOMAIN DIFFERENTIAL DIAGNOSIS  RATIONALE

Normal development  Extreme responses to normal limits, fatigue, 
hunger, or new situations are part of typical 
development in the third and fourth years of 
life.

Developmental 
delays/frustration

Cognitive and language 
disabilities

Children with language defi cits may experi-
ence frustration expressing their needs and 
desires and therefore may exhibit symptoms 
of social-emotional problems. Children with 
intellectual disabilities may function at a level 
younger than their chronological age and 
size. This gap between their ability and adult 
expectations for their behaviors can lead to 
frustration for the child and caregiver.

Hearing or vision problems All children who are manifesting atypical de-
velopment or behavior should be screened for 
sensory defi cits. A complete hearing assess-
ment should be obtained for all young children 
with delay in language development.

Autism spectrum disorders 
(ASDs)

Children with ASDs have problems with social 
relatedness (eg, poor eye contact, preference 
for solitary activities, lack of joy in sharing with 
others, lack of empathy), language (delayed 
expressive language or unusual syntax or 
prosody), limitations in their range of interest 
(persistent and intense interest in a particular 
activity or subject), or atypical mannerisms 
that can interfere with their ability to func-
tion. They may have a need for routine and 
can become anxious or angry if a routine is 
disrupted. Accordingly, these children may 
manifest symptoms of social-emotional 
problems. In addition, children with ASDs are 
also at higher than usual risk of comorbid 
psychiatric disorders that may present in early 
childhood.

Regulatory 
problem

Sleep problems
Feeding disorders

Sleep deprivation as a result of bedtime strug-
gles, night waking, or obstructive sleep apnea 
can cause irritability and behavioral problems; 
conversely, social-emotional problems can 
cause sleep diffi culties.
Diffi culties with feeding—either refusal, sensitiv-
ies, or overeating—can cause disruptive or dis-
tressed patterns in an infant or toddler, which 
can occur in a mutually escalating cycle with 
parental distress around the eating patterns.
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Child disruptive 
behavior problem

Attention-defi cit/
hyperactivity disorder 
(ADHD)

High levels of impulsivity, as well as 
inattentiveness and distractibility, may be 
seen in very young children with ADHD. It is 
especially important to assess whether 
the symptoms occur in multiple settings 
(as required in ADHD) or whether they are 
specifi c to a context or relationship, a pattern 
that would likely represent an adjustment to 
that situation. Because of the range of normal 
activity levels in very young children, ADHD 
must be distinguished from developmentally 
inappropriate expectations for young children 
and from parental symptoms that make 
normal child behaviors less tolerable, such as 
depression. In addition, symptoms suggestive 
of ADHD should be distinguished from lead 
toxicity and effects of medications such as 
steroids or sympathomimetics

Disruptive behavior 
disorders (oppositional 
defi ant disorder, conduct 
disorder)

Disruptive behaviors in young children 
may present with extreme oppositional 
behaviors or conduct disordered 
symptoms, including aggression. These can 
occur when a child experiences an inconsis-
tent or coercive caregiving environment.

Child mood 
symptoms

Depression Very young children can present with all of 
the symptoms of major depressive disorder, 
and this diagnosis should be considered in 
children with extreme sadness or irritability. 
Associated symptoms include sleep and ap-
petite changes, play or talk centered around 
death and dying, decreased joy in playing, 
and concentration diffi culties. The validity of 
the diagnosis of bipolar disorder in preschool 
has not yet been established.

Child anxiety Anxiety disorders Preschoolers may present with general 
anxiety, extreme separation anxiety, school 
avoidance behaviors, and selective mutism, 
all often accompanied by extreme distress 
in the face of the trigger. Similarly, very 
young children with obsessive-compulsive 
behaviors may present with behavioral 
symptoms when asked to interrupt a 
compulsive behavior.

Continued

Table 76-2
Differential Diagnosis of Extreme Emotional 

or Behavioral Dysregulation—cont’d
DOMAIN DIFFERENTIAL DIAGNOSIS  RATIONALE
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Post-traumatic stress 
disorder and other trauma-
related symptoms

In addition, children who have experienced trau-
matic events may exhibit a set of symptoms simi-
lar to the presentation of post-traumatic stress 
disorder seen in older children (re-experiencing 
the trauma in thoughts, speech, play, and dreams; 
emotional and physiologic hyperarousal to re-
minders of the trauma; avoidance of reminders 
of the trauma; and numbing symptoms). It is not 
uncommon for children who have experienced 
traumatic events to present with disruptive 
behaviors, perhaps related to their own inability 
to organize their reactions or because of less 
consistent parenting after the traumatic event.

Parent-child 
relationship 
disturbances

Parental mental health 
problems, substance 
abuse problems, or severe 
cognitive limitations

Young children who experience unpredict-
able or inconsistent parenting, especially if it 
includes neglectful or dangerous experiences, 
may present with inconsistent and sometimes 
dangerous behaviors. Treatment for parents 
and consideration of child protection involve-
ment is critical in addressing these clinical 
scenarios. These patterns should be consid-
ered in children with a history of foster care or 
adoption.Depression or other mental illness, 
bereavement, substance abuse, cognitive 
disability, or disadvantaged socioeconomic cir-
cumstances may prevent a child’s caregiver(s) 
from nurturing the child effectively and may 
contribute to social-emotional problems in 
the child.

Disordered attachment or 
parent-child relationship 
diffi culties

The bond between a child and his caregiver 
can be affected by characteristics of the child, 
caregiver, or temperamental “goodness of fi t” 
between child and caregiver. Manifestations 
of a suboptimal parent-child relationship that 
increases the risk of attachment problems may 
include ineffective or inconsistent soothing, nur-
turing, or disciplinary behaviors of the caregiver, 
or lack of responsiveness of the child to his 
caregiver’s soothing and nurturing efforts. A par-
ent’s own history of unsafe relationships (as a 
child or in romantic relationships) may shift how 
a parent thinks about herself in the intimate 
relationship of parenting and how the parent 
experiences the child’s behaviors and needs.
Relationship diffi culties may present in the clinic 
with a parent who experiences the needs of her 
child as excessive or troublesome, with a child 
who develops a pattern of maladaptive ways 
of engaging the parent’s attention, or with a 
child who does not seem to make any attempts 
to engage the parent even when he might be 
expected to need comforting.

Table 76-2
Differential Diagnosis of Extreme Emotional 

or Behavioral Dysregulation—cont’d
DOMAIN DIFFERENTIAL DIAGNOSIS  RATIONALE
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If a child or caregiver seems to be experiencing symptoms, the PCP can further assess 
for problems by collecting further information, refer to an appropriate specialist, or review 
diagnostic criteria for symptoms of disorders in the caregiver-child relationship.

Th e PCP can information from other caregivers, child care centers, and preschool about 
eating, sleeping, irritability, and aggression with peers, using behavior or food diaries or 
validated, structured measures, such as the Baby PSC, Preschool PSC, or Early Childhood 
Screening Assessment.

Referral may be to a developmental-behavioral pediatrician, mental health professional 
with expertise in assessment of young children and their families, or early intervention agency.

 PLAN OF CARE FOR CHILDREN WITH SOCIAL-EMOTIONAL 
PROBLEMS

Th e care of a child experiencing social-emotional problems can begin in the primary care 
setting. Universal screening or active surveillance for social-emotional problems can create an 
environment in which families feel comfortable discussing social-emotional issues. Following 
are the elements of providing care to a child with social-emotional problems identifi ed in 
the primary care setting.

Celebrate the Strengths and Engage Child and Family in Care
Physicians can engage families by recognizing and reinforcing the strengths of child and family 
and also by acknowledging the distress and emotional costs of the social-emotional concern. 
Th e PCP can acknowledge and reinforce protective factors (eg, good relationships with at 

Anxiety/
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development

Mood/
irritability

Oppositional
pattern

Impulsivity

Sleep

Atypical
development/
developmental

delay/frustration

Parent-child
relationship
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environment

Tantrums

  Figure 76-1
Differential diagnosis of emotional or behavioral dysregulation.
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least 1 parent or important adult, pro-social peers, concerned or caring family, help-seeking, 
or connection to positive organization[s]). In fostering engagement, it can be useful to use 
“common factors” techniques17 to build trust and optimism, including reaching agreement 
on incremental next steps and, ultimately, therapeutic goals, developing a plan of care (see the 
following clinical guidance), and determining the role of the PCP. Th e PCP’s role may include 
providing intervention(s); providing initial intervention while awaiting family’s readiness for 
or access to specialty care; collaborating with a specialist; coordinating with specialist(s), child 
care, school, or agencies; monitoring progress; and supporting the family’s engagement in 
treatment. Without engagement, most families will not seek or continue in specialty mental 
health care. Th is process may require multiple primary care visits.

Promote Safety
Families whose children experience social-emotional diffi  culties are at particularly high risk 
of exposure to unsafe situations. Th ese may include family partner violence, child abuse, 
or community exposure to violence. In addition, some families may experience safety risks 
related to housing conditions or a child’s access to potentially dangerous medications (diabe-
tes medications, sleeping medications, antihypertensive agents). Assessment for other risks, 
including weapons in the home, is an important role of the PCP.

Address Basic Needs
Identifying families’ basic needs is perhaps the most important universal intervention for 
all children with social-emotional problems. Family distress may be reduced by identifying 
and supporting families with basic needs issues, such as housing, child care, or access to food 
and a safe place to sleep. Without addressing these needs, it is unlikely that mental health 
referrals will be successful.

Support Parental Mental Health
Whether a parent is experiencing a clinical-level problem or distress related to sleep depri-
vation, it is important for a parent to experience clinical interactions with the PCP as sup-
portive. Even when there are concerns about specifi c parenting approaches, families will 
consider changing their behaviors only if they feel that the clinical approach is helpful and 
that their perspective is respected. Discussion of parental clinical mental health issues like 
depression or substance abuse, including those identifi ed by screening, may be an important 
clinical step toward addressing the child’s emotional needs.

Reframe the Child’s Behaviors
When a parent seems to perceive a child as overwhelmingly negative or interprets devel-
opmentally typical behaviors as intentionally disruptive to the parent, it can be helpful to 
reframe the behaviors in a way that may allow the parent to experience the same behaviors 
diff erently. For example, reframing “clingy and needy” behaviors in toddlers as demonstrating 
that they are using a parent for emotional support as they begin to venture out to explore 
their environment may be helpful. Using handouts such as those found on the AAP Early 
Brain and Child Development resource page or the Circle of Security handout (circleofse-
curity.org) or video (www.youtube.com/user/CircleOfSecurity) may be helpful and effi  cient 
ways to inform parents. It is important to note that telling a parent the child’s behavior is 

http://www.youtube.com/user/CircleOfSecurity
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“normal” without putting it into a developmental or emotional context may be experienced 
as rejecting by parents who are worried about their child.

Encourage Consistency in Child’s Caregiving Environment
No matter what the clinical concern, children will benefi t from predictable, consistent, and 
safe responses to both pro-social and negative behaviors. Th e PCP can encourage the primary 
caregivers to refl ect on and enhance their own consistency. In addition, the PCP can assist the 
primary caregivers in developing strategies to increase the consistency the child experiences 
across caregivers, including mother, father, grandparents, babysitters, and child care providers.

Explore Opportunities for Positive Parent-Child Interactions
Whether a clinical problem seems to be located primarily within the child, the parent, or their 
relationship, it is likely that all family members are experiencing less joy and fulfi llment from 
their interactions than they would like. Assisting a parent in identifying a child’s strengths 
and positively reinforcing positive behaviors or eff orts toward positive behaviors can be a 
useful fi rst step toward healing. “Time in,” as little as 5 minutes a day of interactive play 
time with the child, can be a way for parents to delight in their child, feel competent, and 
appreciated, and for the child to enjoy the parent. If a caregiver’s own history of problematic 
relationships or mental health problems is aff ecting her relationship with the child, it can 
be useful to explore her readiness to address these problems as part of helping the child.

Encourage Healthy Habits and Activities
Th e PCP can encourage healthy child and family habits that will provide a sound founda-
tion for ongoing development. Th ese healthy habits can include opportunities for active 
play, good nutrition, media-free family meals, regular bedtime routines, and adequate sleep. 
Discussions of media exposure and the dangers of frightening or violent media can be 
especially important for parents of children with anxiety, aggressive behaviors, or a history 
of trauma exposure. Additionally, the AAP media recommended limits to screen time can 
promote healthy brain development, increase interactive and exploration time, and reduce 
the potential for exposure to adult content or violence.18

Th e PCP can direct the parent toward high-quality early childhood care and education 
such as Head Start and programs accredited by the National Association for the Education 
of Young Children (NAEYC). Th e PCP can also encourage communication between child 
care or preschool personnel and home and coach them to praise progress and eff ort, not 
just outcomes. Th e AAP Early Brain and Child Development Resources can be shared with 
parents to give to child care providers to promote consistency across a child’s environments.

Offer Initial Intervention(s)
Evidence-based psychosocial interventions for social-emotional problems include a number 
of “common elements” amenable to implementation in the primary care setting. Table 76-3 
provides strategies that the physician can suggest to the family.

Provide Resources
Helpful handouts, fact sheets, and Web sites are included in Tools for Practice at the end 
of this chapter.
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Table 76-3
Strategies for Building Child’s 

Social-Emotional Skills and Resilience and in 
Addressing Behavior Problems

STRATEGY ADVICE TO CAREGIVERS 

Promote daily positive joint activities 
between parent(s) and child.

• Enlist support of extended family, friends, faith group, or 
involved agency to relieve parent of some stresses and 
provide emotional support.

• Educate about the importance of smiling with and talking 
and cooing to infants, attending to vocalizations or speech, 
and reading and playing at all ages.

• Assist with recognizing a child’s cues by labeling the child’s 
behaviors and needs in the offi ce and support the parent in 
responding sensitively.

• Increase parent’s one-on-one time with child (eg, interacting, 
feeding, reading, playing). Daily routines around mealtime 
and bedtime, for example, can ensure that these activities 
are well integrated into family life.

• Promote resilience at every visit by using the anticipatory 
guidance of Bright Futures or the EBCD website and by 
emphasizing individual strengths.

Apply positive parenting principles 
to toddlers and preschoolers 
(positive attention for positive 
behaviors; removing attention 
for low-level behaviors; and safe, 
consistent, calm consequences for 
unacceptable or unsafe behaviors).

• Reinforce desired behaviors using parental attention 
(eg, “Catch them being good”).

• Help the child develop vocabulary to describe feelings.
• Encourage praise and reinforcement (“rewards”) for specifi c, 

desired (target) behaviors. The choice of target behaviors 
and the time intervals for reinforcements should be devel-
opmentally appropriate and sustainable.

• Teach parents to reduce attention to (“ignore”) minor, 
provocative behaviors. “Pick battles” and focus discipline 
on priority areas.

• Reduce positive reinforcement of disruptive behavior.
• Teach parents to recognize the child’s anxiety, expose the 

child only to manageable anxiety-provoking situations, 
provide support around unavoidable anxiety-provoking 
situations, and praise the child’s management of her 
feelings.

• When possible, reorganize the child’s day to avoid trouble 
by avoiding situations in which the child cannot control 
himself or herself. Examples include asking a neighbor to 
look after the child while the parent goes shopping, ensur-
ing that activities are available for long car journeys, and 
arranging activities in separate rooms for siblings who are 
prone to fi ghting.

• Talk to the child care center or preschool and suggest that 
similar principles be applied.
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Monitor Progress
Symptoms can be tracked using screening measures described in Table 76-1 or disorder-
specifi c measures. Nonproprietary general measures like the Baby and Preschool Pediatric 
Symptom Checklists and the Early Childhood Screening Assessment, or the proprietary 
Strengths and Diffi  culties Questionnaire, are useful in monitoring symptoms over time. 
Symptom-specifi c measures like the Eyberg Child Behavior Inventory (disruptive behaviors), 
and the Preschool Feelings Checklist (depression) are valuable and validated measures that 
provide more specifi c information about a child’s course. Child care or preschool reports can 
be helpful in monitoring progress. Attention-defi cit/hyperactivity disorder (ADHD) can be 
tracked using measures validated on older children, such as the Vanderbilt ADHD Rating 
Scales and the Conners-3. More extensive measures, such as the Child Behavior Checklist, 
are validated in children as young as 18 months of age, but are longer than a PCP can use 
regularly.

Involve Specialist(s)
Involvement of a specialist may be considered appropriate under the following circumstances:
• A child younger than 5 years has symptoms of social-emotional problems causing

functional impairment or distress; for example
 Th e child has symptoms of anxiety, sadness, or irritability that limit participation 

in family interactions, child care experiences, or other normative experiences.
 Th e child has behaviors that are disruptive in the home or in out-of-home settings, 

or that limit participation in developmentally appropriate experiences.

Encourage parents to be calm and 
consistent.

Suggest that parents do the following: 
• Set clear house rules agreed on by the primary caregivers 
• Give short, specifi c commands about the desired behavior, 

not prohibitions about undesired behavior (eg, “Please walk
slowly,” rather than “Don’t run”).

• Provide consistent and calm consequences for misbehav-
ior. Consequences should not be dangerous, drastic, or of 
extreme duration.

• Use natural consequences, such as the child cleaning up a 
mess he or she has created.

• When enforcing a rule, avoid getting into arguments or ex-
planations, reduce additional attention for the misbehavior, 
and defer negotiations until periods of calm.

• Consider parenting classes or community support.

Table 76-3
Strategies for Building Child’s 

Social-Emotional Skills and Resilience and in 
Addressing Behavior Problems—cont’d

STRATEGY ADVICE TO CAREGIVERS
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 Th e child does not use the caregiver eff ectively for emotional support or is indiscriminate 
in social interactions with strangers.

 Th e child exhibits sleep or eating problems are not responsive to primary care 
interventions. 

• Th e parent is very negative toward child, compromised by physical or mental illness, 
disengaged, inconsistent in providing nurturing, or unresponsive to primary care 
guidance.

• Th e parent has diffi  culty allowing a child to have developmentally appropriate oppor-
tunities for exploration.

• Th e family is not able to maintain a calm, consistent, or safe environment. (In this instance, 
also consider reporting to child protective services.)
When specialty care is needed, a PCP should recommend evidence-informed treatment. A 

variety of evidence-based and evidence-informed psychosocial interventions are available 
for the treatment of social-emotional problems in children younger than 5 years of age. See 
Table 76-4.

No randomized controlled trials of medications have been carried out in young children with 
disruptive behavior, mood, or anxiety disorders, but ADHD has been studied using 2 diff erent 
medications (methylphenidate and atomoxetine). Current evidence suggests that these two 
agents have higher rates of adverse eff ects in preschoolers than are reported in older children.13–16

Th e PCP and specialist(s) should clarify roles in the child’s care. Th e PCP’s role may, 
for example, include engaging and encouraging the family’s positive view of interventions 
or referral and serving as the care coordination “hub” of the medical home. Th e specialist 
may monitor the child and family’s progress, observe for and addressing any comorbidities 
that may develop, and coordinate care provided by parents, child care center, preschool, 
medical home, early intervention agency, and specialists.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Connected Kids (fact sheets), American Academy of Pediatrics (shop.aap.org)
• Everybody Gets Mad: Helping Your Child Cope With Confl ict (Web page), American Academy 

of Pediatrics (www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/
Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Confl ict.aspx)

• Parents’ Roles in Teaching Respect (handout), Bobbi Conner (www.brightfutures.org/
mentalhealth/pdf/families/mc/parent_role.pdf )

Medical Decision Support
• Th e Abuse Assessment (screen), National Institute of Justice (www.crimesolutions.gov/

ProgramDetails.aspx?ID=165)
• Ages & Stages Questionnaires: Social-Emotional (ASQ-SE) (screen), Brookes Publishing 

(www.brookespublishing.com/resource-center/screening-and-assessment/asq/asq-se)
• Edinburgh Postnatal Depression Scale (EPDS) (screen), Cox JL, Holden JM, and Sagovsky R 

(www2.aap.org/sections/scan/practicingsafety/toolkit_resources/module2/epds.pdf)
• M-CHAT (screen), Diana L. Robbins, PhD (www.mchatscreen.com/Offi  cial_M-CHAT_

Website.html)
• Th e Multidimensional Scale of Perceived Social Support (article), Journal of Personality 

Assessment, Vol 52, Issue 1, 1988

http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx
http://www.healthychildren.org/English/healthy-living/emotional-wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx
http://www.brightfutures.org/mentalhealth/pdf/families/mc/parent_role.pdf
http://www.brightfutures.org/mentalhealth/pdf/families/mc/parent_role.pdf
http://www.crimesolutions.gov/ProgramDetails.aspx?ID=165
http://www.crimesolutions.gov/ProgramDetails.aspx?ID=165
http://www.brookespublishing.com/resource-center/screening-and-assessment/asq/asq-se
http://www.mchatscreen.com/Official_M-CHAT_Website.html
http://www.mchatscreen.com/Official_M-CHAT_Website.html
www2.aap.org/sections/scan/practicingsafety/toolkit_resources/module2/epds.pdf
http://shop.aap.org/
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Table 76-4 
Psychosocial and Psychopharmacologic Treatments 

for Social-Emotional Problems in Young Children
EVIDENCE-BASED PARENTING PROGRAMS 

CLUSTER AREA PARENTING PROGRAM 

For disruptive behavioral 
problems

• The Incredible Years (www.incredibleyears.com)
• Triple P Positive Parenting Program (www.triplep.net)
• Parent-Child Interaction Therapy (http://pcit.phhp.ufl .edu)
• “Helping the Noncompliant Child” parent training program 

(www.strengtheningfamilies.org/html/programs_1999/02_HNCC.
html)

For fi rst-time, pregnant, low-
income women prior to 
28 weeks’ gestation

• Nurse-Family Partnership (www.nursefamilypartnership.org)

For children in foster care • Attachment and Biobehavioral Catch-up (www.cachildwelfare-
clearinghouse.org/program/108/detailed)

• Multidimensional Treatment Foster Care Program for Preschoolers 
(www.uoregon.edu/~snaplab/SNAP/Projects.html)

• Parent Child Interaction Therapya

For parent-child relationship 
disturbances and high-risk 
parenting situations

• Circle of Security (www.circleofsecurity.org)
• Promoting First Relationships (www.pfrprogram.org)
• Parents as Teachers (www.parentsasteachers.org)
• Child Parent Psychotherapy

For children exposed to trauma, 
including sexual abuse or 
domestic violence

• Child Parent Psychotherapy (www.cachildwelfareclearinghouse.
org/program/49/detailed)

• Cognitive behavioral therapyb,c,d

PSYCHOPHARMACOLOGIC INTERVENTIONSe

There is limited evidence to support psychopharmacologic intervention in this age group. There is 
a single multisite, placebo-controlled, randomized trial of methylphenidate and another focused on 
atomoxetine as a treatment for attention-defi cit/hyperactivity disorder in preschoolers. Both showed 
the medication was more effective than placebo, but less effective than in older children and was 
associated with a higher rate of adverse effects.f,g

Updates are available at www.aap.org/mentalhealth. 
a Chaffi n M, Funderburk B, Bard D, Valle LA, Gurwitch R. A combined motivation and parent-child 
interaction therapy package reduces child welfare recidivism in a randomized dismantling fi eld trial. 
J Consult Clin Psychol. 2011;79(1):84.

b Cohen JA, Mannarino AP. Factors that mediate treatment outcome of sexually abused preschool 
children: 6 and 12 month follow-up. J Am Acad Child Adolesc Psychiatry. 1998;37(1):44–51.

c Cohen JA, Mannarino AP. A treatment study for sexually abuse preschool children: outcome during 
one year follow-up. J Am Acad Child Adolesc Psychiatry. 1997;36(9):1228–1235.

d Scheeringa M, Weems CF, Cohen JA, Amaya-Jackson L, Guthrie D. Trauma-focused cognitive-behavioral 
therapy for posttraumatic stress disorder in three-through six year-old children: a randomized clinical 
trial J Child Psychol Psychiatry 2011;52(8):853–860.

e Lahey BB, Pelham WE, Loney J, et al. Three-year predictive validity of DSM-IV attention defi cit hyperac-
tivity disorder in children diagnosed at 4–6 years of age. Am J Psychiatry. 2004;161(11):2014–2020.

f Kratochvil CJ, Vaughan BS, Stoner JA, et al. A double-blind, placebo-controlled study of atomoxetine in 
young children with ADHD. Pediatrics. 2011;127(4):e862–e868.

g Greenhill LL, Kollins S, Abikoff H, et al. Effi cacy and safety of immediate-release methylphenidate 
treatment for preschoolers with ADHD. J Am Acad Child Adolesc Psychiatry. 2006;45(11):
1284–1293.

http://www.incredibleyears.com
http://www.triplep.net
http://pcit.phhp.ufl.edu
http://www.strengtheningfamilies.org/html/programs_1999/02_HNCC.html
http://www.strengtheningfamilies.org/html/programs_1999/02_HNCC.html
http://www.nursefamilypartnership.org
http://www.cachildwelfare-clearinghouse.org/program/108/detailed
http://www.cachildwelfare-clearinghouse.org/program/108/detailed
http://www.cachildwelfare-clearinghouse.org/program/108/detailed
http://www.uoregon.edu/~snaplab/SNAP/Projects.html
http://www.circleofsecurity.org
http://www.pfrprogram.org
http://www.parentsasteachers.org
http://www.cachildwelfareclearinghouse.org/program/49/detailed
http://www.cachildwelfareclearinghouse.org/program/49/detailed
http://www.aap.org/mentalhealth
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• Parent-Child Interaction Th erapy (Web page), University of Florida College of Public 
Health and Health Professions (pcit.phhp.ufl .edu)

• Parenting Stress Index (screen), PAR, Inc (www4.parinc.com/products/Product.
aspx?ProductID=PSI-4)

AAP POLICY STATEMENT

American Academy of Pediatrics Committee on Psychosocial Aspects of Child and Family Health, Committee 
on Early Childhood, Adoption, and Dependent Care, and Section on Developmental and Behavioral 
Pediatrics. Early childhood adversity, toxic stress, and the role of the pediatrician: translating develop-
mental science into lifelong health. Pediatrics. 2012;129(1):e224–e231 (pediatrics.aappublications.org/
content/129/1/e224)
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 Chapter 77

Syncope
Prema Ramaswamy, MD

 DEFINITION
Syncope, defi ned as a transient sudden loss of consciousness and postural tone, is a fairly 
common complaint in children, particularly adolescents. Presyncope is the presence of sen-
sory and postural impairment without the actual loss of consciousness. Th e origin of the 
word syncope is a Greek term meaning to cut short or interrupt. Regardless of the underlying 
disorder, syncope is caused by interruption of essential energy substrates to the brain, usually 
from a transient reduction in cerebral blood fl ow. In children and adolescents, syncope is 
most often benign; however, in rare cases, it can be a fi rst signal of potential sudden death, 
and hence identifying patients at risk is critical. Even when the cause is benign, syncope can 
result in injury, and it certainly provokes anxiety.

Although the exact incidence of syncope in children is not known, it aff ects 3.5% of 
the general adult population. Almost one-third of these adults will have recurrent syncope.1 
Th e corresponding numbers for children are not known, but recurrence seems to be less 
common in childhood.

 CAUSES OF SYNCOPE
Th e most common cause of benign syncope is neurocardiogenic or vasovagal syncope, 
also termed the common faint, church faint, refl ex syncope, or neurally mediated syncope 
(NMS). Another common cause of benign syncope is orthostatic hypotension. Together, 
these 2 causes are even more common in adolescents than in adults, and account for almost 
80% of all cases.2 Both causes are more common during adolescence than at any other 
time in childhood. Syncope is also common in children from 6 months to 3 years of age, 
when breath-holding spells are prevalent. In particular, children with the pallid type of 
breath-holding spell have an increased risk for NMS as adults.3 Syncope that is not benign 
can stem from cardiac, neurologic, metabolic, and psychiatric causes. Box 77-1 lists the 
causes of syncope.

Neurally Mediated Syncope
Naturally mediated syncope is classifi ed into 3 types4

1. Central syncope occurs in response to strong emotional stimulation such as pain, antici-
pated pain, or the sight of blood. In susceptible individuals, emotional stimulation can 
activate ill-defi ned areas within the central nervous system that, in turn, trigger sympa-
thetic inhibition and parasympathetic activation.
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2. Postural syncope is associated with the upright position, typically developing while the
person is standing or walking. It is the most common type of NMS, much more frequent 
than central or situational syncope.

3. Situational syncope occurs after the specifi c stimulation of sensory or visceral aff erents,
resulting in hypotension and then syncope. Examples include syncope evoked by the
hypersensitivity of carotid baroreceptors, micturition syncope, defecation syncope, hair-
grooming syncope, swallow syncope, cough syncope, and weight-lifter’s syncope, all of
which have been described in teenagers but are much less common than in adults.

Pathophysiologic Features
Although the pathophysiologic mechanism of NMS continues to be debated, investigators 
think it occurs in persons with a predisposition when they experience peripheral venous 
pooling and a fall in venous return. An increase in catecholamine release follows as a com-
pensatory mechanism. Th e primary abnormality in patients who faint is unclear but may 
include �-adrenergic hypersensitivity, resulting in a relatively empty hypercontractile heart. 

BOX 77-1

Causes of Syncope
NEURALLY MEDIATED SYNCOPE

• Emotional
• Postural
• Situational

Deglutition syncope
Micturition syncope
Weight-lifter’s syncope
Defecation syncope
Carotid sinus hypersensitivity
Hair-grooming syncope

ORTHOSTATIC HYPOTENSION

• Primary
• Drugs
• Pregnancy
• Adrenal insuffi  ciency
• Systemic mastocytosis
• Familial dysautonomia
• Postural orthostasis tachycardia

syndrome

BEHAVIORAL OR PSYCHIATRIC

• Hyperventilation
• Hysteria, conversion

reaction
• Breath-holding spells
• Cyanotic
• Pallid infantile syncope

NEUROLOGIC

• Seizure
• Migraine
• Trauma, concussion
• Narcolepsy

CARDIAC

• Structural abnormalities
Aortic stenosis
Hypertrophic cardiomyopathy
Tetralogy of Fallot
Pulmonic stenosis
Primary pulmonary hypertension
Coronary artery abnormalities
Marfan syndrome

• Arrhythmia
Bradycardia
Sick sinus syndrome
Atrioventricular block
Supraventricular tachycardia
Ventricular tachycardia, fi brillation
■ Myocarditis, pericarditis
■ Postoperative cardiac surgery
■ Prolonged QT syndrome

METABOLIC

• Hypoglycemia
• Anemia
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Cardiac mechanoreceptors are stimulated, producing the Bezold-Jarisch refl ex—a vagal 
response that includes sinus bradycardia, hypotension, and peripheral vasodilation. Th e 
syncope is termed vasodepressor if the more prominent element is hypotension, and cardio-
inhibitory if bradycardia is more prominent. In most instances, the syncope is mixed, with 
both hypotension and bradycardia.

Clinical Manifestations
In NMS of childhood, loss of consciousness is typically preceded by light-headedness, nausea, 
yawning, a feeling of being hot, and sounds seeming distant to the ear. Typically brief (from 
a few seconds to 1 or 2 minutes), the loss of consciousness is most often brought about by 
pain or by prolonged standing, especially in warm environments such as in a crowded room 
or in a hot shower. Occasionally, the cause is not identifi able. Symptoms characteristically 
appear after the person has been upright for at least a few minutes, in contradistinction to 
the patient with orthostatic hypotension, whose symptoms occur within seconds of standing.

Orthostatic Hypotension
Orthostatic hypotension is the fall in blood pressure after assuming the upright position. Th e 
autonomic nervous system provides the principal responses to changes in position.5 When 
a person stands, cardiac output and cerebral perfusion are maintained by a combination of 
pumping action of skeletal muscles, venous valves, and carotid baroreceptor–mediated arterial 
constriction and cerebral autoregulation. If these mechanisms are unable to maintain the 
blood pressure, then the decrease in the pressure in the carotid sinus leads to reduced aff er-
ent traffi  c in the carotid sinus and thus to an increase in the heart rate. Th e compensatory 
increase in heart rate is inadequate in patients with orthostatic hypotension, and symptoms 
of weakness and light-headedness develop, typically within seconds of standing. Th e sinus 
tachycardia of orthostatic hypotension sets this type of syncope apart from NMS, during 
which bradycardia is a prominent sign.

Volume depletion from any cause, but in children most often from vomiting and diar-
rhea, will exacerbate orthostatic hypotension. Drugs that cause vasodilation and diuretics 
can also stimulate orthostasis.

Pregnancy should always be considered when a woman of childbearing age faints; 
pregnancy-associated fainting results from increased estrogen and progesterone levels 
that cause decreased peripheral vascular resistance and hypotension.

In the past few years, an entity called the postural orthostasis tachycardia syndrome 
(POTS) has been described.5 Th e diagnosis of POTS requires orthostatic heart rate accelera-
tion in excess of 120 beats per minute or an absolute increase of 30 beats per minute or greater 
in the absence of signifi cant orthostatic hypotension. Two forms have been identifi ed. In 
the more common peripheral variety, persistent tachycardia, associated with fatigue, exercise 
intolerance, and palpitations, is present while the patient is upright. Th e onset may occur 
after a viral illness, trauma, or surgery. Th e second type of POTS, the �-hypersensitivity (or 
central) form, is often associated with migraines, tremor, and excessive sweating. Both forms 
are more common in young women, and treatment can be frustrating.

Familial dysautonomia, an inherited autosomal recessive condition with abnormalities 
of the autonomic nervous system, is a rare but serious cause of orthostatic syncope, with 
aff ected patients at risk for sudden death.
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Behavioral or Psychiatric Causes of Syncope

Breath-holding Spells
Two types of breath-holding spells typically occur in children between 6 months and 
3 years: cyanotic and pallid. In the former, an episode of cyanosis and apnea is precipitated 
after a child is upset and begins to cry. Stiff ening of the body and a loss of consciousness 
may soon follow. Although the pathophysiologic basis is unclear, crying during expiration may 
cause increased intrathoracic pressure, which, in turn, leads to low cardiac output. Hypoxia 
combined with decreased cerebral blood fl ow leads to the loss of consciousness. Th e event is 
brief, and afterward, the child becomes fully conscious. Pallid breath-holding spells (pallid 
infantile syncope) are less common and usually begin with sudden pain. Th e mechanism 
diff ers in that the child suddenly becomes pale and limp and loses consciousness. Th e 
pathophysiologic basis is increased vagal tone, which causes an apparent asystole. Th e event 
ordinarily lasts only seconds to minutes, and the child awakens to full consciousness (also 
see Chapter 78, Temper Tantrums and Breath-holding Spells).

Hyperventilation
Another benign cause of syncope, hyperventilation is frequent among adolescents, especially 
in the presence of anxiety. Th e hyperventilation results in the washing out of carbon dioxide, 
and the resulting hypocapnia causes reduced cerebral blood fl ow, dizziness, and syncope. 
Classically, hypoventilation is also associated with numbness and paresthesia of the hands 
and feet.

Psychiatric Syncope
A child with hysterical syncope is likely to be unusually calm. No autonomic eff ects such 
as change in heart rate or blood pressure are noted during the episodes, which tend to be 
recurrent and frequent and to occur in front of an audience. Recovery of consciousness is 
often prolonged, and no injury is usually sustained.

Cardiac Syncope
Syncope can result from a low cardiac output secondary to either a structural problem or 
a dysrhythmia, and the abnormal rhythm underlying the syncope may be either too slow 
or too fast.

Bradyarrhythmias
Sick sinus syndrome is extremely rare in a child with a normal heart and is usually seen 
after extensive surgery in the atria with the Senning and Mustard operations,6 performed for 
transposition of the great arteries. Patients who have undergone the Fontan procedure for a 
single ventricle may also be at risk secondary to atriotomies and dilated atria.

Atrioventricular Block
Very slow heart rates from atrioventricular (AV) block can lead to syncopal episodes termed 
Stokes-Adams attacks. Congenital AV block in the presence of a structurally normal heart is 
most commonly associated with a history of systemic lupus erythematosus in the mother. 
Th e structural heart disease, which is most commonly associated with congenital AV block 
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and has an ongoing risk for acquired AV block, is corrected transposition of the great arteries. 
AV block is also occasionally acquired after cardiac surgery or Lyme disease.

Pacemaker Malfunction
In any child with a pacemaker, syncope should prompt immediate interrogation of the 
pacemaker for either a malfunction or inappropriate programming.

Tachyarrhythmias

Supraventricular Tachycardia
Most children with supraventricular tachycardia have a structurally normal heart, and in 
those children, palpitations and dizziness are more common symptoms of supraventricular 
tachycardia than syncope. However, with a structural abnormality resulting in reduced 
hemodynamic reserve, as with a single ventricle, syncope may be a presenting feature. In 
patients with congenital heart defects, Wolff -Parkinson-White syndrome is most often seen 
in children with disorders of the AV fi brous valve annuli such as Ebstein disease and cor-
rected transposition of the great arteries.

Ventricular Tachycardia
Although ventricular tachycardia (VT) is rare in children, it can cause sudden death; early 
identifi cation of underlying conditions that predispose to VT can be lifesaving. Prolonged 
QT syndrome is one such condition in which patients are at risk for sudden death second-
ary to a polymorphic VT termed torsades de pointes. Th e prolongation of the QT interval 
may be part of a congenital syndrome such as Romano-Ward syndrome, which is autosomal 
dominant, or Jervell and Lange-Nielsen syndrome, which is autosomal recessive and asso-
ciated with congenital neural deafness. Both syndromes are caused by mutations in genes 
encoding cardiac ion channels. Prolonged QT also may be caused by electrolyte imbalances, 
such as hypokalemia or hypocalcemia, and by a variety of drugs, such as tricyclic antidepres-
sants, certain macrolide antibiotics, and antiarrhythmic medications. VT can also occur in 
children as a complication of myocarditis or in adolescents with tetralogy of Fallot who have 
undergone surgical repair in infancy.

Structural Heart Disease
An acute reduction in cardiac output can result in reduced cerebral perfusion and syncope. 
With certain heart conditions discussed later, patients may be able to maintain an adequate 
cardiac output at rest but experience syncopal episodes with exercise.

Aortic Stenosis
An impediment to the forward fl ow of blood from marked left ventricular hypertrophy, 
stimulation of the ventricular mechanoreceptors resulting in systemic vasodilation, and 
subendocardial ischemia causing a ventricular arrhythmia are all mechanisms that may con-
tribute to syncope in children with severe aortic stenosis.

Hypertrophic Cardiomyopathy
Syncope with exercise may be an important presenting sign of hypertrophic cardiomyopathy. 
Most aff ected patients have no left ventricular obstruction at rest; however, with exercise, 
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they can develop a dynamic gradient with an acute reduction in cardiac output. In addi-
tion, these patients may develop VT from subendocardial ischemia. Th e electrocardiogram 
is frequently abnormal, and an echocardiogram is diagnostic.

Tetralogy of Fallot
Children with unrepaired tetralogy of Fallot may have syncopal episodes in association with 
hypercyanotic tet spells, often precipitated by crying, straining with a bowel movement, or 
awakening from sleep.

Pulmonary Hypertension
With exertion, children with pulmonary hypertension may experience syncope from the 
inability to maintain transpulmonary fl ow.

Coronary Artery Abnormalities
A patient with syncope who is demonstrated to have a coronary artery aberrant either in its 
origin or course should be presumed at risk for sudden death. Typically, syncope occurs with 
exercise. Acquired abnormalities of the coronary arteries include coronary artery aneurysms 
and stenosis caused by Kawasaki disease in early childhood. Cocaine use can cause acute 
coronary vasoconstriction and ventricular arrhythmias, with consequent syncope.

Neurologic Causes of Syncope

Seizures
Typically, generalized seizures are preceded by a prodrome and include tonic-clonic activity 
with loss of consciousness and a period of confusion and lethargy after recovery. However, 
atypical seizures can occasionally be diffi  cult to diff erentiate from the benign forms of syn-
cope. Loss of consciousness occurring in the recumbent position is more likely to be from 
a seizure than from syncope, especially if the heart is normal. Pallor is seen more often in 
benign syncope, and fl ushing is more common with seizures. Bowel incontinence points 
toward a seizure.

Migraine
Th e primary care physician should always ask about migraine in a child who has a synco-
pal episode that does not fi t the pattern of typical neurally mediated syncope, particularly 
if dizziness occurs in the sitting position and no other provoking factors can be elicited. 
A history of fl ashing lights, severe headache preceding the episode of syncope, and a family 
history of migraines usually help clinch the diagnosis.

Head Trauma
Brief loss of consciousness with head trauma is not uncommon and signals concussion.

Metabolic Causes
Hypoglycemia can cause syncope, most commonly in a child with diabetes on medication. 
Presyncopal symptoms such as weakness, a feeling of hunger, and confusion may be pres-
ent, and the syncope is typically not brief. Dehydration and severe anemia also predispose 
to syncopal episodes.
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 EVALUATION
History
Th e history is the most important tool in the diagnosis of syncope. It should include a 
detailed inquiry into the exact circumstances surrounding the event, including the time 
of the day, presence of an upper respiratory infection, time since last meal, posture during 
syncope and time spent in this posture before syncope, presence of prodromal symptoms, 
duration of loss of consciousness, bystander testimony, and any headache or prolonged 
disorientation after syncope.

Inquiry should also include the circumstances precipitating the event. For example, with 
vasovagal syncope, the child often is standing in a warm, stuff y room and is hungry, tired, or 
frightened. Th e prodrome of a seizure may consist of an aura, whereas a cardiac event often 
occurs without warning or is induced by exercise. Th ere may also be a history of palpitations 
just before the episode. Th e primary care physician should determine whether the child was 
completely unconscious or whether some degree of responsiveness was present, suggesting 
hysteria or malingering. A truly unconscious person will not respond if the eyelashes are 
lightly brushed; a hysterical person will respond, albeit often with just a mild fl ickering of 
the lids. Seizure-like movements are important; however, generalized tonic-clonic move-
ments may be seen in any form of syncope. Th e duration of the episode should be estimated. 
In general, the conscious state is regained quickly in the case of vasovagal syncope (a few 
seconds to 1 or 2 minutes), whereas a seizure may last longer, and the postictal state may be 
characterized by prolonged confusion and fatigue.

A history of congenital heart disease, seizure disorder, or endocrine abnormality such as 
diabetes would obviously be important. Recurrent syncopal episodes are unusual and may 
require more extensive testing.

Th e family history may be helpful. Seizure disorders and cardiac disease leading to syncope 
(eg, Marfan syndrome, hypertrophic cardiomyopathy, prolonged QT syndrome) may be 
inherited in an autosomal-dominant fashion. Breath-holding spells can also have a familial 
pattern.

Physical Examination
Examination of a patient with a history of syncope should begin with an assessment of the level 
of consciousness; a child who is not alert and oriented has not had a benign syncopal episode 
and needs immediate evaluation for potentially life-threatening causes. In most children who 
are fully alert after a syncopal episode, the fi ndings on physical examination tend to be normal. 
Th e presence of a cardiac murmur may point to an obstructive lesion, such as aortic or pul-
monic stenosis. Listening to the heart in both the supine and upright positions is important 
because a mild obstructive gradient in hypertrophic cardiomyopathy may become audible 
only when the patient is upright. Th e heart rate and blood pressure should also be obtained 
in both the supine and upright positions to ascertain the presence of orthostatic intolerance.

Evaluation

Electrocardiogram
Th e only test indicated in most patients with a history typical for benign syncope is an elec-
trocardiogram, which may reveal the presence of AV block or a dysrhythmia. Abnormally 
large left ventricular forces, especially with left ventricular strain, may be the only evidence 
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of hypertrophic cardiomyopathy in a patient with normal fi ndings on physical examination. 
Th e corrected QT interval should be measured in all children with syncope or seizures as an 
initial screen for prolonged QT syndrome.

Holter and Event Monitor
A 24-hour electrocardiographic monitoring test is indicated only if a cardiac dysrhythmia is 
strongly suspected based on either prominent palpitations that occurred before the episode 
or the presence of cardiac surgical history that may predispose a child to abnormal rhythms. 
An event recorder is more practical because patients are able to keep the monitor for a month 
and use it at the time of their symptoms.

Echocardiogram
When a suspicion exists based either on history (eg, syncope with exercise) or examination 
of a structural cardiac lesion, an echocardiogram is indicated and can usually adequately 
demonstrate the origin and course of the coronary arteries.

Electrophysiologic Testing and Cardiac Catheterization
Electrophysiologic testing and cardiac catheterization must be considered for any patient who 
has had syncope during active exercise in whom a physical examination, electrocardiogram, 
and echocardiogram has failed to demonstrate an abnormality.

Tilt-table Testing
By creating an orthostatic stress, tilt-table testing can provoke symptoms in patients with NMS 
and orthostatic hypotension. Patients are placed supine on a table that has a foot board. Th e 
table is then tilted up between 60 and 80 degrees for 30 to 60 minutes. Patients are monitored 
closely for a syncopal episode. Some centers use low-dose intravenous isoproterenol infusions 
to increase the sensitivity of the test, which ranges from 30% to 80%, depending on the 
laboratory. Th e specifi city of a negative test without isoproterenol ranges from 80% to 100%.7

Although the utility of head-upright tilt-table testing in children is still controversial, 
it has become a means of provoking vasodepressor syncope in susceptible individuals after 
other more serious causes have been ruled out. Some indications2 for the use of this test 
include the following:
1. Th ree or more syncopal episodes during a 12-month period with no evidence of heart 

disease
2. Syncope during exertion in which heart disease has been ruled out after an exhaustive 

workup
3. Recurrent syncopal episodes thought to be hysterical in nature 

 MANAGEMENT
Th e management of cardiac, neurologic, and psychiatric syncope depends on the cause. Th e 
management of NMS includes some of the following approaches.

Reassurance
Th e most important interventions for most patients who have NMS or orthostatic hypo-
tension are reassurance and education regarding the cause of the syncope and how to avoid 
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aggravating factors (avoiding extreme heat and standing still for long periods). Patients should 
be instructed to sit down or lie down at the onset of any prodromal symptoms to avoid 
injury. Drinking fl uids regularly and eating salty foods may be helpful in preventing episodes.

Isometric Exercises
In a small randomized trial of adults, intense gripping of hands and tensing of the arms for 
2 minutes at the onset of the tilt-induced symptoms raised systolic blood pressure. Syncope 
occurred in 37% of these patients compared with 89% of those who did not perform the 
maneuver.8 Th e value of tilt training is still controversial, but it may be helpful to some 
patients; they are instructed to stand with their backs against a wall, initially for short periods, 
and slowly increasing the duration to approximately 30 minutes per day.

Volume Expansion
A reduced frequency of syncope in adolescents with neurocardiogenic syncope was reported 
after consuming 2 liters of water in the morning.9

Fludrocortisone is a synthetic mineralocorticoid that causes salt retention and the expan-
sion of the central blood volume. One randomized trial in adolescents showed similar results 
to atenolol, but no placebo was studied.10

Beta-blockers
Although beta-blockers have been used for many years as therapy for neurocardiogenic 
syncope, studies of their eff ectiveness have at best been equivocal.10,11

Investigational Agents
Midodrine is a direct �1-receptor agonist that has been shown to reduce episodes in adults 
with severely symptomatic neurocardiogenic syncope.12 Because serotonin may have a role 
in regulating the sympathetic nervous system activity, selective serotonin reuptake inhibitors 
have also been considered for treatment of NMS. In a trial in adults, paroxetine was shown 
to be superior to placebo.13

Cardiac Pacing
Currently, cardiac pacing has a very limited role in the management of syncope. In pediat-
rics, cardiac pacing has been used for children in whom asystole is the prominent symptom 
in recurrent syncope caused by vagal hypertonia, including some patients with deglutition 
syncope.

When to Refer

• Patient history of cardiac disease
• Family history of sudden death, cardiac disease, or deafness
• Recurrent episodes
• Recumbent episode
• Exertional syncope
• Prolonged loss of consciousness
• Associated chest pain or palpitations
• Medications that can alter cardiac conduction
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TOOLS FOR PRACTICE

Medical Decision Support
• Isometric Arm Counter-Pressure Maneuvers to Abort Impending Vasovagal Syncope (article), 

Journal of the American College of Cardiology, Vol 40, Issue 11, 2002
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Chapter 78

Temper Tantrums and 
Breath-holding Spells

Gregory E. Prazar, MD

 TEMPER TANTRUMS
Children exhibit temper tantrums almost inevitably during the second through fourth years 
of life. Th erefore a temper tantrum is generally a problem behavior rather than a behav-
ioral problem. Helping parents cope with temper tantrums involves providing anticipatory 
guidance, sharing information on developmental psychology, and off ering strategies to deal 
with tantrums.

Temper tantrums usually become part of the child’s emotional repertoire during 
the second and third years of life. Early signs of the negativism that is part of tantrums 
can be appreciated as early as 12 months of age. Some children continue to display 
occasional tantrums until the age of 5 or 6 years. Tantrums typically reappear in a slightly 
less intense form during adolescence, when independence once more becomes an issue for 
the developing adolescent.

Several aspects of the toddler’s development seem to make tantrums almost inevitable. 
First, because the 1-year-old can walk and climb, the child begins to achieve physical 
mastery over the environment. Th is increased physical independence and an insatiable 
curiosity frequently place the child in dangerous situations that require parental interven-
tion. Imposition of adult safety limits thwarts and frustrates the child, often precipitating 
tantrums. Second, the child’s increased exploration of the environment immediately cre-
ates a confl ict because the child must adapt to rules of an adult world. Th e child enters 
an environment of adult social values, in which people are expected to use the bathroom 
appropriately, verbalize dissatisfactions rather than act them out physically, sit quietly 
while eating, and sometimes subjugate their own wants to those of others. Th is process is 
too much for the egocentric toddler to bear, and frustration is inevitable. Th ird, between 
the ages of 1 and 4 years, the toddler begins to develop an increased awareness of how 
the child is separate and diff erent from the mother. Th e child experiences a confl ict between 
desires for autonomy and desires to remain close to the mother. Frustration in dealing with 
these intense feelings frequently results in tantrums.

Tensions are created in “establishing ego boundaries as separate from those of parents,” 
as Brazelton1 states, and in coping with physical limitations placed on exploring an adult 
world. Adults frequently deal with their own tensions and frustrations by verbalizing their 
feelings; the toddler, however, lacks a sophisticated ability to verbalize. A toddler’s frustration 
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with the adult world may be displayed in doing the exact opposite of what the adult requests, 
by saying “no, no” yet following through with the adult request (what Fraiberg2 refers to as 
the “cheerful no”), by dawdling, or by displaying physical behavior outright (eg, kicking, 
screaming, lying on the fl oor, hitting, throwing, biting).

Most parents would probably agree that intellectual appreciation of the cause of tan-
trums does not necessarily aid in coping with a screaming and inconsolable child. Reasons 
for parental frustration are understandable. Well-meaning relatives and friends (who have 
likely forgotten their experience as young parents) may propagate myths about tantrums, 
which intensify parental anxiety and confusion. Myths of causation suggest that children 
who display tantrums are underdisciplined or parented inadequately. Myths of management 
suggest that tantrums can be quelled by spanking, dousing with cold water, or threats.

 ANTICIPATORY GUIDANCE FOR TANTRUMS
Th e primary care physician should provide anticipatory guidance about temper tantrums. 
Such guidance may forestall events that precipitate tantrums and prevent future parental 
confusion in dealing with negative behaviors. Th e physician has many opportunities during 
the child’s fi rst 2 years to provide behavioral counseling.

Beginning in infancy, parents should be provided with anticipatory guidance regarding 
opportunities for positive interactions with the child within daily routines and activities such 
as feeding, pretend play, and reading aloud. Howard and others have recommended “‘special 
time’ provided every day as an approach to formalizing time-in.”3

At the 6-month well-child visit, the importance of parental time away from the infant can 
be emphasized. Parents who occasionally leave their infants and toddlers with responsible 
babysitters provide their children with the security that adults can leave and will come 
back; they also provide themselves with important mental health holidays from the rigors 
of parenting.

At the 9- or 12-month infant visit, environmental engineering should be discussed.3 
Providing home safety (eg, safety plugs in outlets, safety latches on drawers), removing 
valuables or breakables from the child’s reach, and ensuring a safe place for the child to play 
(playpen or enclosed area) are examples of such engineering. Th erefore this visit not only 
may reduce chances for childhood accidents but also may forestall potential adult-toddler 
power struggles over environmental dangers.

Th e 15- or 18-month visit provides the physician another opportunity to off er the parent 
alternatives to negative interactions with the toddler. Afternoon naps (to allow for renewal 
of toddler and parental energy), the importance of praising cooperative toddler eff orts, and 
the concept of limited decision making for the toddler (“Do you want to wear the green or 
blue shirt today?” versus “Which shirt do you want to wear today?”) represent issues that 
may help parents minimize hostile encounters with their toddler.

Th e approach here should encourage parents to describe how they think tantrums should 
be handled, and should not simply display the physician’s personal biases about child rear-
ing. Several excellent books describing turbulent toddlerhood can be suggested to parents, 
including Brazelton’s Toddlers and Parents,1 Ilg and Ames’ Child Behavior, 4 and Schmitt’s 
Your Child’s Health.5 Furthermore, general guidelines concerning tantrums can be given. 
Tantrums are best ignored unless, as Fraiberg2 states, “they encroach on rights of others or 
potentially endanger.” If safety is the issue, then either environmental engineering should 
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take place or the child should be restricted to the child’s bedroom for 2 to 3 minutes 
(a kitchen timer is helpful to remind both parent and toddler of the time). If the child 
hits, bites, or throws in anger, then room restriction for 2 to 3 minutes should once again 
be suggested. Some behavioral psychologists suggest 1 minute of time out for each year 
of age (so a 5-year-old child would have a 5-minute time-out). Other behaviorists recom-
mend that the time-out not be fi xed. Because the goal is to help the child develop self-
regulation, the time-out should end when the tantrum subsides.6 Th e child should receive 
a brief hug or be praised and then be allowed to resume previous activity.

Parents may be reluctant to use bedroom restriction because they worry either that the 
child will associate the bedroom with unpleasant experiences or that the child will not feel 
adequately remorseful if placed in a room full of toys. Parents should be reassured that room 
restriction does not cause bedroom fears. Similarly, goals of discipline are to teach rules and 
to help the child understand which behaviors are acceptable. Discipline does not need to 
be severe to be eff ective. Th e physician should emphasize to parents that once the tantrum 
is over, the slate is wiped clean and there is no holdover of judgment or anger, even if the 
child has acted out badly.

Time-outs are an eff ective method of dealing with temper tantrums. Time-ins represent 
a method to reward acceptable behavior. Specifi cally, when a toddler is playing quietly, 
the parent should pat the child on the shoulder, give a brief hug, or otherwise off er some 
form of nonverbal aff ection. Such attention from the parent simply but eff ectively indicates 
approval of the current behavior. Some behavioral psychologists consider time-ins to be a 
more powerful method of encouraging acceptable behavior than time-outs.

Temper tantrums occur much more frequently in the presence of parents; they are much 
less common in the presence of alternative child care providers. Most experienced child care 
providers feel comfortable dealing with temper tantrums. If the child care provider expresses 
concern to a parent about a child’s temper tantrums, then several questions should be con-
sidered. Does the child care provider have adequate training to deal with such a common 
behavior? Is this child care setting the most appropriate for the child (in terms of adult-child 
ratio, philosophy of discipline used by the provider, and realistic developmental expectations 
for the child’s behavior in the child care setting)? Are the child’s temper tantrums much more 
severe or frequent than those of the child’s peers? Th ese questions should be addressed with 
the child care provider. Subsequently, parents and the child care provider should formulate 
a plan for dealing with the tantrums that is followed consistently at home and at the child 
care location. If the parent and the child care provider cannot agree on such a plan, then 
the child’s primary care physician should be consulted.

More specifi c guidelines for managing tantrums may be necessary in other individual 
situations. Parents should be encouraged by the physician to vent their feelings (to the 
physician) about tantrums and be reassured that they are doing the best job they can for 
their toddler.

 MANAGEMENT OF PROBLEM TANTRUMS
Although tantrums represent a stage of the normal developing toddler’s personality, several 
factors may suggest that further professional intervention is advisable. An important aspect 
of management is obtaining a detailed history, including the circumstances in which tan-
trums take place, a specifi c description of the tantrums, and what happens following the 
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tantrums. Th is is referred to as antecedent, behavior, and consequence or “A,B,C.” Toddlers 
who display persistent negativism or tantrums may suff er from too restrictive parenting, 
may receive too little positive reinforcement and aff ection, or may have parents who place 
unreasonable behavioral expectations on them. One study of 3-year-olds defi ned severe 
temper tantrums as “episodes of shouting, banging, kicking, or screaming occurring 3 or 
more times a day or lasting more than 15 minutes.”7 Approximately 50% of these children 
had behavior problems. Furthermore, such severe tantrums were associated with specifi c 
psychosocial issues, including maternal depression, use of corporal punishment, marital 
stress, and low maternal education.

Children who display tantrums regularly beyond 5 or 6 years of age may be display-
ing signs of depression or poor self-esteem, or they may be children who live in a family 
in which emotional problems exist. When temper tantrums regularly occur at school, 
academic problems should be suspected because peer pressure usually inhibits displays 
of tantrums.

Children exhibiting persistent tantrums along with other associated behaviors 
(eg, inability to concentrate, stereotypical behaviors, unrealistic fears, inability to 
display aff ection) may have more signifi cant underlying problems, such as attention-
defi cit disorder, oppositional defi ant disorder, or autism spectrum disorder. Similarly, 
parents who verbalize persistent frustration with tantrums or an inability to cope with 
age-appropriate tantrums may need more comprehensive counseling than the primary 
care physician can provide.

Many parenting groups are available to help parents cope with negative behaviors. 
Programs such as Systematic Training for Eff ective Parenting (STEP) and Parent Eff ectiveness 
Training (PET) provide valuable community referral sources for families. If such services are 
not available, or if more sophisticated professional counseling is obviously warranted, then 
the family should be referred to a psychiatrically trained counselor.

Referral should be discussed as soon as the physician anticipates its necessity and should 
stress the involvement of both parents. Th e physician should maintain contact with the 
family about the problem after the referral has been made. Such ongoing contact may 
solidify the family’s commitment to obtain and adhere with the counseling.

 BREATH-HOLDING SPELLS
Breath-holding spells cause particular anxiety for parents. Spells occur between ages 4 months 
and 5 years, with most occurring between 12 and 36 months of age. According to Menkes,8 
approximately 5% of all children display breath-holding spells. A positive family history of 
breath-holding spells occurs in approximately 25% of cases.

Such spells are precipitated by anger, frustration, fear, or minor injury (often a very minor 
head injury) and are categorized as cyanotic or pallid. Both types of spells are unlikely to 
occur more often than once a day and are not associated with an increased predisposition 
to epilepsy (although brief seizure-like activity can occur as a terminating event in either 
form of spell).

Cyanotic breath-holding spells are precipitated more often by anger or frustration than by 
fear or injury. Th e child emits a short, loud cry, takes a deep breath, and holds it. Cyanosis 
occurs after approximately 30 seconds. Either the episode terminates at this point or the child 
becomes rigid or limp and loses consciousness (loss of consciousness occurs in approximately 
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50% of all children who have breath-holding spells). In rare situations, mild clonic move-
ments of the extremities follow.

Pallid breath-holding spells are similar to cyanotic spells in most respects but are more 
often precipitated by fear or minor injury. Th e initial cry is brief or silent. Th e spell then 
proceeds as with a cyanotic spell. Toddlers who suff er from pallid spells are often from 
families that have a history of syncope, and, in fact, these toddlers have an increased chance 
(approximately 15%) of syncopal attacks as adults.

Both cyanotic and pallid breath-holding spells are caused by autonomic nervous system 
dysregulation. Cerebral anoxia is responsible for spells that terminate with loss of conscious-
ness. Furthermore, both forms of spells are involuntary and refl exive, despite spells often 
being precipitated when the child is angry or frustrated.

Children who display pallid breath-holding spells may, as adults, suff er from neurocar-
diogenic syncope, a form of vasovagal response to postural changes. Adults who suff er from 
neurocardiogenic syncope are more likely to faint at the sight of blood or when injured than 
are adults who do not have this disorder.

Because both forms of breath-holding spells potentially can terminate with seizure-like 
movements, diff erentiation between spells and epilepsy is important. Th e occurrence of a 
precipitating factor (eg, minor injury, being frustrated) before the onset of the spell indi-
cates that the episode is a breath-holding spell. Patients who have epilepsy display cyanosis 
during or after the seizures, not before seizure onset. Furthermore, electroencephalograms 
performed on patients who suff er from breath-holding spells are normal when not holding 
their breath; patients who have epilepsy often have abnormal electroencephalograms during 
seizure-free periods.

 MANAGEMENT OF BREATH-HOLDING SPELLS
No eff ective medical therapy exists for breath-holding spells, although some toddlers 
who experience seizure-like activity along with spells are prescribed anticonvulsant 
therapy. However, the decision to use medication remains controversial among pediatric 
neurologists.

Iron defi ciency anemia has been associated with breath-holding spells. A study involving 
67 children who had breath-holding spells revealed that iron therapy reduced spells in the 
treatment group by 88%. Th ese results suggest that iron may be important in the regulation 
of the autonomic nervous system.9

Coping with breath-holding spells can be extremely diffi  cult for parents. Spells that 
terminate with loss of consciousness or with seizure-like movements are obviously frighten-
ing. Convincing parents that no harm will come to their child is important. Nevertheless, 
parents of a breath holder will frequently avoid enforcing limits for fear of precipitating the 
child’s anger and a subsequent attack. Such parents need repeated reassurance and encour-
agement to continue age-appropriate limits on their child’s behavior. To do otherwise will 
create an overindulged child who subsequently may fear loss of parental love because limits 
have been rescinded.

When to refer a breath-holding patient to a neurologist or a psychiatrically trained profes-
sional may not be an easy decision for the physician. If parents request further consultation, 
then their wish certainly should be respected, even if the physician is confi dent that further 
evaluation is unnecessary. If parents indicate agreement with the physician that spells are 
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of no consequence yet continue to withhold appropriate limit setting, then referral to a 
mental health professional should take place. Th e physician who is unsure of the diagnosis 
of breath-holding (especially in situations in which loss of consciousness or seizure-like 
activity occurs) should always refer the family to a pediatric neurologist. Referral must not 
end the physician–parent communication concerning the spells: an ongoing dialogue may 
ensure adherence with the referral.

 SUMMARY
Temper tantrums and breath-holding spells usually represent benign forms of childhood 
behavior evolving from the child’s preverbal attempts to express feelings of frustration and 
anger. Unfortunately, parents frequently have diffi  culty appreciating the benign course of such 
behaviors when they daily must face a screaming, inconsolable toddler who may even lose 
consciousness and then display seizure-like movements. Parents can best deal with negative 
behaviors when they are adequately prepared by the physician before such behaviors occur 
and when they are off ered empathic guidance and positive reinforcement during regular 
offi  ce visits.

TOOLS FOR PRACTICE

Engaging Patient and Family
• Caring for Your Baby and Young Child: Birth to Age 5 (book), American Academy of 

Pediatrics (shop.aap.org)
• Temper Tantrums: A Normal Part of Growing Up (handout), American Academy of 

Pediatrics (patiented.solutions.aap.org)
• Top Tips for Surviving Tantrums (Web page), American Academy of Pediatrics (www.

healthychildren.org/English/family-life/family-dynamics/communication-discipline/
Pages/Temper-Tantrums.aspx)
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 Chapter 79

Tics
Robert A. King, MD

Tics, which are recurring, nonrhythmic, sudden, rapid, stereotyped, involuntary move-
ments or vocalizations,1 may be classifi ed as motor or vocal and as simple or complex. Th e 
most common simple motor tics are eye blinking, neck twisting, shoulder shrugging, and 
grimacing; the most common simple vocal tics are coughing, throat clearing, sniffi  ng, and 
grunting. Complex motor tics include more sustained, orchestrated, or seemingly purposeful 
gestures, such as touching, stomping on, or sniffi  ng objects; jumping; sustained dystonic 
movements; copropraxia (obscene gestures); or echokinesis (automatic imitation of another 
person’s movements). Complex vocal tics include sudden changes in volume or prosody; 
syllables, words, or stock phrases spoken out of context; palilalia (repeating one’s own words); 
echolalia (repeating the words of others); and coprolalia (uttering obscenities).

Tic disorders are model neuropsychiatric conditions demonstrating the complex interplay 
of genetic, neurobiological, environmental, and psychosocial factors. Th at is, they have a 
constitutional, probably genetic basis; are infl uenced by perinatal risk and environmental 
factors; demonstrate sexual dimorphism; show a changing course over development; and, 
although neurobiologically determined, can be aff ected by psychosocial factors, such as stress 
and cognitive behavioral interventions.

 CLINICAL MANIFESTATIONS
Th e most common age at onset for tics is 6 or 7 years. Th e usual initial motor tics are blinking 
or facial grimacing, with subsequent rostral-caudal involvement. Th e most common initial 
vocal tics are sniffi  ng, coughing, and throat clearing. Not surprisingly, these symptoms are 
often initially mistaken for allergies or otolaryngologic or respiratory symptoms; but with 
tics, the other characteristics of such disorders are absent. Characteristically, tics wax and 
wane in intensity and frequency, with a tic disappearing only to have new ones take its place. 
Stress or excitement often exacerbates the tics.

Although children are generally unaware of their tics, premonitory urges2,3 are often 
reported in more severe cases or in older children. Tics are often transiently suppressible 
with eff ort, usually resulting in an increased urge to perform the tic. Many patients describe 
their tics as neither fully voluntary nor involuntary3; some experience the eff ort to suppress 
tics in social situations to be as burdensome as are the tics themselves.

 INCIDENCE
It once was believed that Tourette syndrome (TS) was rare, persistent, severe, and dis-
abling. It is now clear that tic disorders, including TS, exist on a clinical spectrum from 
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transient, isolated, inconsequential tics to more persistent multiple motor and vocal tics 
that interfere with daily functioning. Isolated and transitory tics are common (occurring 
in as many as 24% of fi rst- and second-graders4) and of minimal consequence. Depending 
on ascertainment methods, childhood prevalence of TS is thought to be 2 to 185 per 
10,000—much higher than previously believed, with many milder, uncomplicated cases 
not coming to clinical attention. Boys are aff ected more than girls, by a ratio as high as 
9:1 to 14:1 in TS.5

 ETIOLOGY
Th e cause of tics is unknown, but neurobiologic and behavioral research shows the boundaries 
between psychiatric and neurologic domains to be poorly defi ned and increasingly obsolete. 
Most of this research has been on TS rather than on milder forms of tic disorder. Areas of 
interest have been basal ganglia and cortico-striatal-thalmo-cortical circuitry,6–8 genetics,9–11 
and immunology.12–14 A multifactorial etiology for TS, with a convergence of genetic vulner-
ability, environmental and perinatal risk factors, and disturbances in the prefrontal cortex 
and basal ganglia, has been proposed.7,8 Several factors have been shown to be associated 
with tics and may give clues to their cause.

Developmental Stage
Tics usually have their onset between 5 and 10 years of age, most commonly at 6 or 7 years. 
Although fl uctuating in intensity from hour to hour and day to day, tics are usually at their 
most severe at around 10 to 13 years of age. Approximately 70% to 80% of the time, tics 
spontaneously diminish in severity during the course of adolescence and disappear or become 
minimal by young adulthood. Comorbid conditions, however, such as obsessive compulsive 
disorder (OCD), attention-defi cit/hyperactivity disorder (ADHD), and anxiety disorder, may 
persist. Th e factors associated with spontaneous improvement or remission remain unclear 
and are important areas of research.15–17

Sex
Transient tics as well as chronic tic disorders are more common in boys than in girls.4,5 
Androgens are implicated for multiple reasons—postnatal exposure to androgens may elicit 
TS; antiandrogen therapy may improve tics; and androgen-dependent alterations in prenatal 
brain development may be associated with TS.8

Prenatal, Perinatal, and Postnatal Factors
Factors that have been associated with tic severity also have been associated with other 
neuropsychiatric symptoms and disorders, such as hyperactivity: in particular, prenatal fac-
tors, such as maternal smoking, vomiting, psychosocial stress, drug use, fetal nutrition, and 
androgen exposure, and perinatal factors, such as low birth weight.18

Experts have proposed that, in some cases, the acute onset of tics represents a form of 
pediatric autoimmune neuropsychiatric disorder associated with Streptococcus (PANDAS).12 
Th is controversial hypothesis posits that group A �-hemolytic streptococcal infection can 
cause an autoimmune reaction that attacks the basal ganglia, resulting in tics, OCD, or 
both. Despite much ongoing research, this hypothesized autoimmune condition remains 
unproven.13,14,19 In the absence of a biological marker, distinguishing which cases might 
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represent true PANDAS as opposed to the nonspecifi c coincidental occurrences of 2 com-
mon childhood conditions (streptococcal pharyngitis and tics or OCD) is diffi  cult, at 
least at the onset. In one large study, children subsequently diagnosed with de novo tic 
disorder were found to have a greatly increased rate of streptococcal infections in the 
months before diagnosis.20

Pending further research to clarify this matter, some primary care physicians have cho-
sen to obtain throat cultures from children with sudden onset or exacerbations of tics and 
from children with tics or OCD who have pharyngitis or who are exposed to Streptococcus. 
Children with positive throat cultures should receive appropriate antibiotic treatment. 
Th ere is no established role for repeat posttreatment cultures to prevent streptococcal carrier 
states, nor does the use of prophylactic antibiotic treatment have any fi rm basis in evidence. 
Plasmapheresis or intravenous immunoglobulin therapy are only suitable in intractable cases 
as part of an approved investigational protocol.14

Psychological Factors
Anxiety, stress, and excitement can all exacerbate tics.21 Little is known about the psy-
chological status of most children in the general population who have tics, because they 
are rarely seen in clinics. However, evidence exists for increased autonomic lability in 
individuals with TS, and children who have anxiety disorders are overrepresented in 
clinical samples.22

Psychiatric Disorders
Population and clinical studies of tics point to a strong relationship, most marked in TS, 
between tics and ADHD.5

A relationship also exists between tics (especially in TS) and OCD, with symptoms (eg, 
premonitory urges, intrusive thoughts, compulsive actions), putative anatomic locus (cortical, 
striatal, or thalamic circuits), hypothesized pathophysiologic features (rogue reverberating 
microcircuits), and family pedigrees all showing elements in common.7,23

Tics should never be assumed to indicate another psychiatric disorder or psychological 
problem unless they are associated with other signs or symptoms that aff ect other areas of 
function beyond the motor system. Although tics can be controlled to some degree in public 
situations (eg, school or a physician’s offi  ce), an aff ected child should not be expected to 
control them most of the time. Such control requires considerable mental energy and eff ort 
and usually cannot be sustained for long. As soon as the child relaxes, is distracted, or lets 
up concentration, the tics will reappear.

Genetic Factors
Many cases of tics, especially TS, appear to be genetic in origin. Mild and transient cases of 
tic disorder may coexist in the same pedigree as cases of TS, suggesting that protective and 
risk factors also exist. Even with monozygotic twins, the concordance rate is only 77%, which 
suggests that environmental factors (eg, low birth weight) also play a role. Although specifi c 
genes have been identifi ed in a handful of pedigrees, the condition may well be heterogeneous 
(ie, diff erent specifi c genes may be responsible in diff erent pedigrees) and perhaps polygenic 
(ie, refl ecting the interaction of multiple vulnerability loci).9–11 Penetrance increases if OCD 
is accepted as an alternative expression of the gene.
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Drugs
Amphetamine and other dopaminergic drugs induce stereotypies in rats and occasionally 
produce or exacerbate tics in children. Cocaine, other stimulants, sympathomimetics, caf-
feine, serotonin uptake inhibitors and other antidepressants, and anabolic steroids may also 
produce or exacerbate tics. 

 DIFFERENTIAL DIAGNOSIS
Tics are usually distinguishable from other neurologic disorders by their stereotyped nature, 
variability over time, transient suppressibility, accompanying premonitory urges, and lack 
of other neurologic symptoms.24 Th e diff erential diagnosis includes dystonia, myoclonus, 
chorea, seizures, athetosis, and stereotypies.

Tics are distinguishable from chorea (with which they are often confused) by their cen-
tripetal location, repetitive form, normal muscle tone, and lack of postural impersistence; 
and from most other neurologically based abnormal movements by their rapidity and normal 
muscle tone. Even so, tics rarely refl ect or portend a neurologic disorder. Such tics are likely 
to be much more persistent and accompanied by signs of the disorder that causes them.

A more diffi  cult diagnostic quandary in young children is distinguishing true tics from 
stereotypies or self-stimulating behaviors, such as rocking, head banging, fl apping, or spin-
ning. Tics are characterized by a later onset, lower complexity, fl uctuating intensity and locus, 
and their intrusive, bothersome, disruptive, and involuntary nature. In contrast, stereotypies 
are most often bothersome to parents but not to the child, who may fi nd them pleasurable 
and resist adult attempts to interrupt them. Self-stimulating movements mostly occur at 
times of boredom or excitement, but they rarely disrupt coordinated movements, and they 
persist without much change in form or anatomical location. Although stereotypies are 
often associated in many physicians’ minds with intellectual disability or autism spectrum 
disorders, in fact they can also occur in children who are otherwise developmentally normal 
(see Chapter 69, Self-stimulating Behaviors).

Th e most recent edition of the American Psychiatric Association’s Diagnostic and Statistical 
Manual of Mental Disorders1 distinguishes 3 arbitrary subtypes of tic disorder: provisional 
(present for less than 1 year since fi rst tic onset); persistent (chronic) (motor or vocal tics, but 
not both, that have persisted longer than 1 year since fi rst tic onset); and Tourette disorder, also 
known as Tourette syndrome (multiple motor and and at least one vocal tic, not necessarily 
concurrently, persisting at least 1 year from fi rst tic onset). Whether these 3 classifi cations 
refl ect varying severity of the same disorder is unknown. Most recent research has been 
restricted to TS but suggests that these subtypes are probably related.

 COMORBID DISORDERS
Persistent tics, even mild ones, seem to be associated with an increased risk of comorbid 
ADHD, which predates the tics or any accompanying OCD. Th is association is not simply 
the result of the bias toward comorbidity in clinical sample populations because it is also 
found in community sample populations.5,25 In addition, many youngsters with TS whose 
concentration is basically good can become distracted and lose focus when their tics are in 
a period of exacerbation, presumably because of the tics themselves and the impingement 
of tic urges and eff orts to suppress them.
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Individuals with TS are also at risk for other anxiety disorders, depression, fi ne-motor dif-
fi culties, and uneven cognitive profi le (performance IQ scores lower than verbal IQ scores).23 
ADHD is common (present in 50% of patients with TS), and children with combined ADHD 
and tics have the greatest social and academic diffi  culties. ADHD severity is a better predictor 
of poor adjustment than tic severity.26 Although the presence of ADHD with tics increases 
the likelihood of disruptive behavior and learning problems, chronic tics are often associated 
with learning impairment independent of ADHD. Investigations of both community and 
clinical sample populations confi rm that the presence of ADHD predicts greater disability 
than that associated with tic disorders alone.27

OCD is found in up to 50% of patients with TS, with compulsions and obsessions most 
commonly involving symmetry, evening up, just right phenomena, sex, and aggression.23

 TREATMENT
Most tics in children are mild and short lived and require no treatment. A careful clinical 
evaluation is needed to assess not only the current phenomenology, history, and eff ect of the 
tics, but also the presence of other symptoms (anxiety, impulsivity, inattention) or adaptive 
diffi  culties in the overall context of the child’s social, family, and school life.28

Once a tic has persisted for several months, treatment may be considered, but only if the 
tic is conspicuous, disabling, or distressing to the child. No treatment for tics can be said to 
be simple, entirely eff ective, or free from side eff ects. Treatments shown to have some limited 
effi  cacy are discussed in the following sections.

Behavioral Methods
Although a variety of behavioral techniques (eg, relaxation, massed practice) have been tried for 
tic disorders, only comprehensive behavioral intervention for tics (CBIT) seems to have good 
empirical support.29 As the name conveys, CBIT is an eff ective evidenced-based behavioral 
approach to tics that combines habit reversal and contingency management techniques.30 Habit-
reversal therapy is best carried out by a physician who is experienced in the technique and who is 
accustomed to working with children. Cognitive behavioral interventions may also be helpful for 
youngsters whose tic disorder is accompanied by disruptive behavior and explosive outbursts.31

Anxiety-Reducing and Supportive Procedures
Relaxation training and biofeedback are not of proven value in treating tics. Psychotherapy 
(specifi cally focused on stressful interpersonal diffi  culties), work with parents, and other means 
of addressing environmental stresses may be helpful, not because stress causes tics, but rather 
because stress and high expressed emotion can exacerbate tics. Th ese procedures should not 
be considered specifi c; rather, they are ancillary and holistic in meeting therapeutic objectives.

Many youngsters with tic disorders have diffi  culties at school, either from comorbid 
ADHD or an uneven neuropsychological profi le, or diffi  culties with peer stigmatization.26,27 
Close collaboration with school staff  to ensure appropriate educational programming and 
accommodations is important.32

Acceptance
In most cases, the best management is explaining to parents, teachers, and peers that the tics are 
a physical disability, that the child cannot help them, and that acceptance of both child and tics 
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is the kindest, safest, and simplest way to deal with them. Criticizing and belittling the child 
are likely to make tics worse and prolong their course. Peer problems can be a major diffi  culty 
for children with tics and TS,26 and collaboration with school staff  to reduce peer teasing and 
stigmatization is a major therapeutic task.32 Helping to support and build upon the child’s 
strengths is an important component in bolstering and protecting the child’s self-esteem. In 
emphasizing that children cannot help their tics, the physician and parents should avoid the 
pitfall of concluding that the child cannot help other problematic behaviors related to impulsiv-
ity, for which consistent structure, expectations, and consequences are desirable and benefi cial.31

Pharmacotherapy
Only physicians thoroughly familiar with the drugs indicated and experienced in their use 
in children with tics should undertake pharmacotherapy.33–35 Th e fi rst consideration is decid-
ing which symptom to target: the tics themselves or 1 of the common comorbid symptoms 
or conditions, such as OCD or ADHD, which are often a greater source of impairment.28

Pharmacotherapy for Tics
Various medications are eff ective in partially suppressing tics, but they are not curative in 
terms of aff ecting the underlying course or prognosis of tics. Furthermore, because of fre-
quent side eff ects (especially sedation), medication should be administered only if the tics 
are signifi cantly bothersome, disruptive, stigmatizing, or painful. Th e fi rst mandate is to do 
no harm. In the case of tics, this approach means starting with low doses, titrating the dose 
upward only gradually, and avoiding sedation, cognitive blunting, or other distressing side 
eff ects (eg, acute dystonic reactions) that may be more burdensome than the tics themselves. 
Setting realistic goals in terms of reducing tics to tolerable levels is important; attempts to 
suppress tics completely often result in overmedication. Discontinuing anti-tic medications 
should be done gradually, because even when medications seem ineff ective, abrupt discon-
tinuation may produce bothersome acute rebound or withdrawal-related exacerbation of 
tics that may persist for several weeks.

Many physicians’ fi rst choice of anti-tic medication, especially in children with comorbid 
ADHD, is 1 of the �-adrenergic agonists, clonidine or guanfacine.36,37 Although these agents 
are less potent and are eff ective in fewer patients with severe tics than the neuroleptics, they 
tend to have fewer and less severe side eff ects, with the principal dose-related side eff ects being 
sedation and hypotension. Th ey are, however, potentially fatal in overdoses. Guanfacine, 
when available, is the preferred fi rst choice because it is longer acting and less sedating than 
clonidine, and it seems to be more eff ective for attentional problems.38 Although sustained-
release forms of both clonidine and guanfacine are available, it is usually preferable with 
younger children to begin on smaller doses of the short-acting form, titrating slowly with 
only small-dose increments to avoid sedation.

If the �-adrenergic agents are not eff ective or if the tics are severe, then the next line of 
agents is the dopamine-blocking neuroleptics, now known as antipsychotic drugs.37 Th ese 
agents seem to be eff ective because tics, whatever their cause, are executed through the basal 
ganglia, with an apparent relative overactivity in the dopaminergic nigrostriatal systems 
that inhibits cholinergic basal ganglia systems. However, the neurochemistry of tic disor-
der is complex and probably involves several neurotransmitter systems; therefore, inferring 
underlying defi cits from the observed therapeutic eff ectiveness of various agents is diffi  cult.
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Of the traditional typical so-called high-potency (ie, nonatropinic) neuroleptics, haloperi-
dol, pimozide, or fl uphenazine have been shown to be eff ective,34,37 but have largely been 
replaced in clinical practice by the newer, so-called atypical antipsychotics. As with several 
of the other typical neuroleptics (eg, ziprasidone), caution must be exercised with pimozide 
in terms of cardiotoxicity and drug interactions, especially with drugs such as erythromycin 
that are metabolized through the cytochrome P450 3A4 isoenzyme system, because fatal drug 
interactions can result. Monitoring the QTc interval at baseline and with dose increases is 
prudent in patients receiving pimozide or ziprasidone. Even at relatively low doses, neurolep-
tics may produce acute dystonic reactions, sedation, cognitive blunting, medication-induced 
separation anxiety, parkinsonism, akathisia (restless legs), and, in the longer term, withdrawal 
or tardive dyskinesias, 1 rare type of which may be a worsening of tics caused by presumed 
dopamine-2 receptor hypersensitivity. If moderate doses are not eff ective, then higher doses 
are not likely to be either, and higher doses almost always increase the risk of side eff ects and 
make weaning the patient from the drug diffi  cult without rebound exacerbation.

Although tardive dyskinesias are rare in children who receive modest doses of neurolep-
tics for tics, the traditional, or typical, antipsychotics are now being replaced by the newer 
so-called atypical antipsychotics,34 which seem to have a lower risk of tardive dyskinesia. 
However, atypical neuroleptics have the same other adverse eff ects as typical neuroleptics, 
including acute dystonic or extrapyramidal reactions, sedation, or dysphoria. In addition, 
risperidone and olanzapine may cause hyperphagia and weight gain, with potentially seri-
ous metabolic consequences. Clinical trials have demonstrated the effi  cacy of risperidone, 
olanzapine, and ziprasidone for tics, but the lack of effi  cacy of the paradigmatic atypical 
neuroleptic clozapine indicates that not all atypical neuroleptics are equally eff ective.

When neither �-adrenergic agents nor neuroleptics are eff ective, a variety of second-line 
drugs or augmentation strategies may be tried with caution.33–35 Although some neurologists 
use clonazepam to manage tic disorders, it should be used only in rare instances in children. 
Like the other benzodiazepines, clonazepam can cause cognitive blunting, sedation, irritabil-
ity, and disinhibition, and its use can lead to dependence and withdrawal symptoms.

Tics should be treated pharmacotherapeutically only if signifi cantly impairing, and only 
by a physician skilled in the use of the drugs concerned—ordinarily a child or adolescent 
psychiatrist or a pediatric neurologist. Such treatment should be carefully considered and 
discussed with parents, closely monitored, and undertaken only with knowledge and con-
sideration of the risks and disadvantages involved.

Pharmacotherapy for Attention-Defi cit/Hyperactivity Disorder, 
Obsessive-Compulsive Disorder, Anxiety, and Depression
Pharmacotherapy for impairing comorbid ADHD, OCD, anxiety, or depression may be 
indicated in children with tic disorder, bearing in mind some considerations specifi c to tic 
disorder. Because ADHD is often more disabling than the child’s tics, a cautious trial of a 
stimulant may be necessary, beginning with very low doses and increasing only gradually 
to avoid exacerbating tics. Alternatives to the stimulants are the �-adrenergic agents (cloni-
dine or guanfacine), atomoxetine,39 or 1 of the second-line drugs such as the older tricyclic 
antidepressants (with appropriate electrocardiogram monitoring).36 Most children with tics 
and ADHD are able to tolerate methylphenidate,36 and the combination of methylphenidate 
and clonidine seems more eff ective than either agent alone.40
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Th e SSRIs seem to be eff ective in children with OCD and tics, although evidence suggests 
that monotherapy with the SSRIs is less eff ective in the presence of tics. In such cases, aug-
mentation with a low dose of a neuroleptic often boosts the treatment response. In rare cases, 
SSRIs can exacerbate or even precipitate tics, akathisia, or other movement abnormalities, or 
can increase suicidal thinking. 

 MANAGEMENT
Most tics last only a few weeks, although they may fl it from 1 muscle group to another 
or change their form at irregular intervals. Even the chronic tics of TS are likely to disap-
pear in later adolescence, with tic severity peaking at age 10 to 12 or so.17 Although most 
tics improve by late adolescence, OCD or ADHD symptoms may persist.15–17 Because 
the prevalence of tics drops sharply after age 13, tics that persist into later adolescence 
are more likely to become chronic. Tic severity in adulthood is inversely proportional 
to caudate volume in childhood and to childhood performance on a dominant hand 
fi ne-motor skill test.15,16

Children with tics and especially TS can experience related problems of self-image 
when adult criticism and peer rejection result.26 Occasionally, severe complex motor tics 
result in injury or self-mutilation. Finally, OCD may develop during adolescence or late 
in TS and can be a persistent source of distress despite the improvement in tic severity 
with age.

Data from community surveys suggest that tic disorders, including TS, exist on a spec-
trum from transient to persistent multiple motor and vocal tics that in more severe forms 
interfere with daily living. Th e presence of isolated and transitory tics is common and seems 
to be of minimal consequence. On the other hand, persistent tics, even mild ones, seem to 
be associated with increased prevalence of ADHD, OCD, disruptive behavior, learning 
problems (although not necessarily a formal learning disability), and vulnerability to anxiety 
and depression.

Children should be referred to a specialist if the diff erential diagnosis is unclear, if a psy-
chiatric disorder is present or is a possibility, if psychiatric drugs or treatments are needed, 
or if an expert opinion is required.

Referral is likely to be infl uenced as much by associated problems as by the tics them-
selves. Th e emphasis of treatment may thus focus less on tics per se than in mapping other 
areas of dysfunction.

Criteria for referring children to a specialist with expertise in the diagnosis and management 
of tics are the following: presence of tics associated with additional evidence of psychiatric dis-
order, such as ADHD, generalized anxiety, or OCD; presence of chronic or recurrent tics that 
seem to have a clear relationship to stress, particularly if a reason exists to think that psychosocial 
interventions may be helpful; presence of chronic, disabling, or discomforting tics for which 
diff erential diagnosis or treatment is needed; when the primary physician knows little about tics 
and wants an expert opinion; or when psychoactive drugs such as antipsychotics (neuroleptics) 
or �-adrenergic agents may be indicated, because psychiatrists and developmental-behavioral 
pediatricians routinely use these medications and are well informed about risks, side eff ects, 
dose levels, and newer drugs.

Such referral may be only for consultation, not necessarily for continued management. In 
general, the preferred mental health specialist is a well-trained child or adolescent psychiatrist, 
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or developmental-behavioral pediatrician—one who has a broad biopsychosocial perspective, 
including a good grasp of neuropsychiatry and pharmacotherapy but who will not overpre-
scribe and who has a capacity to work closely with behavioral psychologists. Th is kind of 
specialist should also be alert to the possibilities of the rare neurologically induced tics and 
willing to order any appropriate neuroimaging studies and neurologic consultations. When 
the tic is disabling and no further diagnostic workup is required, or when pharmacotherapy 
is not an option or is already in place but further relief is necessary, referral should be made 
to a child psychologist experienced in behavioral types of treatment.29–31 Consultation from a 
clinical psychologist is also useful if a child is having diffi  culties at school that are not simply 
caused by teasing or the distraction of tics or tic urges.27 Many children with tic disorders 
benefi t from close collaboration with their school, which may include making the teacher 
aware of the tics and providing accommodations such as the ability to step out of class briefl y 
when tics especially intrusive or bothersome.32

When to Refer

• Diff erential diagnosis is unclear
• A psychiatric disorder is present or a possibility
• Psychiatric drugs or treatments are needed
• For expert opinion

When to Admit

• Never in the fi rst instance (for tics alone)
• Occasionally, for complex assessments to initiate treatments or to taper a child from high 

doses of multiple medications

TOOLS FOR PRACTICE

Engaging Patient and Family
• A Family’s Guide to Tourette Syndrome (book), Walkup JT (store.tsa-usa.org/index.html)
• Tics, Tourette Syndrome, and OCD (fact sheet), American Academy of Pediatrics (www.

healthychildren.org/English/health-issues/conditions/emotional-problems/Pages/
Tics-Tourette-Syndrome-and-OCD.aspx)

• Tourette Syndrome Association (Web site), (www.tsa-usa.org)
• What You Want to Know About TS (Web page), New Jersey Center for Tourette Syndrome 

and Associated Disorders, Inc. (www.njcts.org/what-you-want-to-know.php)
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Chapter 80

Torticollis
Philip O. Ozuah, MD, PhD; Catherine C. Skae, MD

Th e word torticollis originates from 2 Latin words: tortus, which means twisted, and collum, 
meaning neck. Th e classic clinical picture of torticollis is that of the head tilted to one side 
and rotated in such a way that the chin and face point to the contralateral side. Torticollis 
can be broadly classifi ed as either congenital or acquired torticollis. Facial asymmetry is often 
observed in congenital torticollis but not in acquired torticollis. Th is fi nding can thus be 
useful in clinically distinguishing between the 2 forms.

 CLINICAL MANIFESTATIONS
Congenital Torticollis
Muscular torticollis is by far the most common form of congenital torticollis, and it occurs 
clinically in the fi rst 8 weeks of life. It is frequently not obvious at birth but begins to become 
apparent at approximately 2 weeks of age.

Several theories have been proposed to explain the cause of this disorder. One theory 
suggests that stretching of the neck during a diffi  cult delivery results in rupture and hemor-
rhage within the sternocleidomastoid muscle (SCM). Subsequent muscle ischemia results 
from increased pressure from the blood trapped within the fascial compartment, producing 
progressive muscle fi brosis and contracture, with eventual clinical torticollis. Support for this 
theory comes from the fact that about 40% of patients with congenital torticollis have had 
a diffi  cult birth, including forceps delivery and breech presentation. However, congenital tor-
ticollis has also been reported in children after uncomplicated births. In addition, specimens 
of SCM in patients with torticollis have sometimes shown no evidence of trauma or hemor-
rhage. Another theory, therefore, is that torticollis results from an intrauterine position that 
occludes venous drainage from the SCM, leading to vascular congestion, ischemia, muscle 
damage, and fi brosis. Th is theory is supported in that 75% of congenital muscular torticollis 
cases are right sided because of intrauterine, left occiput–anterior positioning, and about 
20% of patients who have congenital torticollis also have other musculoskeletal anomalies, 
including congenital hip dysplasias, talipes equinovarus, and metatarsus adductus.1

Congenital torticollis can produce some variation. Most commonly, a sternomastoid tumor 
or pseudotumor is palpable as a characteristically nontender, soft, and mobile mass in or next 
to the inferior aspect of the SCM. Th e mass enlarges in the fi rst few weeks of life, reaching 
its maximal size at 1 month of age. Th ereafter, it begins to shrink until it disappears by 4 to 
6 months. Th e mass then regresses and is replaced by a fi brous band, leading to contrac-
ture, which prevents normal growth and normal range of motion of the neck, and facial 
asymmetry results from the uneven growth forces. A second form of congenital torticollis 
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involves thickening and tightness of the SCM itself.2 Finally, congenital postural torticollis 
occurs without the presence of a palpable mass or tightness of the SCM.3

Th e twisted position of the neck can lead to positional plagiocephaly. Skull fl attening 
on the contralateral side may result from sleeping supine.4 Th us, plagiocephaly can be the 
presenting sign of mild torticollis.

Acquired Torticollis
As with congenital torticollis, most cases of torticollis encountered in older children are 
primarily muscular in origin. Cervical muscle or ligament injury arising from trauma can 
cause a head tilt and unilateral neck tenderness, a condition that can also occur on awaken-
ing, presumably as a result of awkward positioning of the neck during sleep.

Benign paroxysmal torticollis is a disease of infancy with an unknown cause, although 
a familial pattern has been described. Manifestations of the condition begin in the fi rst 
year of life with recurrent episodes of head tilt that may be associated with emesis, pallor, 
agitation, ataxia, malaise, and behavioral changes. Attacks may last from several hours to 
several days. Spontaneous and complete remission usually occurs by 5 years of age. Some 
patients, however, go on to develop migraines or benign paroxysmal vertigo.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of torticollis is listed in Box 80-1.

Congenital Torticollis
Several congenital cervical spine anomalies can occur in conjunction with torticollis. Most 
of these anomalies can be diagnosed by radiographic studies of the cervical spine. Pterygium 
colli, a congenital web of the skin of the neck extending from the acromial process to the 
mastoid, can be restrictive and result in torticollis. Congenital remnant cysts within the body 
of the SCM are a less common cause of torticollis. Unilateral absence of one SCM results in 
unopposed action of the other muscle and produces a contralateral torticollis.

Acquired Torticollis
Conditions that need to be considered in the diff erential diagnosis of acquired torticollis 
include cervical spine subluxations, infections of the head and neck (Grisel syndrome), 
neurologic disorders, and neoplasia. Laxity of the transverse cervical ligaments results 
in atlantoaxial instability in up to 15% of patients with Down syndrome.5 Most of these 
children are asymptomatic, but subluxation of the cervical spine, most commonly a rota-
tional atlantoaxial subluxation, may occur after trauma.6 Nontraumatic subluxations of the 
atlantoaxial spine may arise as a result of head and neck infections or juvenile idiopathic 
arthritis (JIA). Torticollis may be the presenting fi nding in either the systemic onset or 
polyarticular forms of JIA, but this is rare. Th e current theory is that infl ammatory reac-
tions around the spine produce hyperemia and edema, which, in turn, lead to laxity of the 
supporting ligaments and a predisposition to spontaneous subluxations and torticollis.

Torticollis may also arise from acute cervical disk calcifi cation caused by trauma or 
from an upper respiratory infection. Ocular torticollis may be caused by paralysis of the 
extraocular muscles, strabismus, nystagmus, and refractive errors. Spasmus nutans, also known 
as nodding spasms or salaam spasms, includes a triad of acquired nystagmus, head nodding, 
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BOX 80-1

Diff erential Diagnosis of Torticollis
CONGENITAL

• Muscular torticollis
• Postural torticollis
• Cervical spine anomalies
• Hemivertebra
• Atlantooccipital fusion
• Klippel-Feil syndrome
• Sprengel deformity
• Pterygium colli (webbed neck)
• Sternocleidomastoid cysts
• Cystic hygroma
• Bronchial cleft cyst
• Unilateral absence of sternocleidomastoid
• Occipital condylar dysplasia

ACQUIRED

• Muscular 
 Cervical muscle injury 

■ Traumatic
■ Awkward positioning during sleep

• Vertebral 
 Atlantoaxial subluxation 

■ Laxity of the transverse cervical liga-
ments results in atlantoaxial instability 
in up to 15% of patients with Down 
syndrome.

 C2–C3 subluxation
 Rotary subluxation
 Cervical fractures
 Cervical vertebral osteomyelitis
 Juvenile idiopathic arthritis (JIA) 

■ Torticollis may rarely be the oresenting 
fi nding in either systemic onset or 
polyarticular JIA.

■ Infl ammatory reactions around the 
spine produce hyperemia and edema, 
which lead to laxity of the supporting 
ligaments and a predisposition 
to spontaneous subluxations and 
torticollis.

 Acute cervical disk calcifi cation caused 
by trauma or respiratory infection

• Infectious 
 Infection of the head and neck 

(Grisel syndrome)
 Upper respiratory infection
 Retropharyngeal abscess
 Cervical lymphadenitis
 Cervical vertebral osteomyelitis
 Dental infection

• Neurologic 
 Ocular torticollis with 

■ Strabismus
■ Nystagmus
■ Refractive errors
■ Paralysis of extraocular muscles
 Spasmus nutans (nystagmus, head 

nodding, and torticollis) 
■ No known cause.
■ Signs and symptoms usually develop 

within the fi rst 2 years of life.
■ May persist for months to years, but the 

course is often benign and self-limited.
■ But if accompanied by ataxia, suspect 

a erebellar tumor.
 Dystonic torticollis 

■ May follow the administration of 
phenothiazines, carbamazepine, or 
phenytoin.

■ Presence of other extrapyramidal signs 
can confi rm a dystonic reaction.

 Syringomyelia
 Epidural hematoma
 Labyrinthine torticollis
 Brachial plexus palsy
 Arnold-Chiari malformation
 Accessory nerve palsy
 Acute disseminated encephalomyelitis
 Wilson disease

• Neoplastic 
 Cervical cord tumor
 Posterior fossa tumor
 Soft tissue tumor
 Langerhans cell histiocytosis (histiocytosis X)
 Infantile desmoid fi bromatosis

• Other 
 Benign paroxysmal torticollis
 Psychogenic torticollis
 Sandifer syndrome

■ An abnormal posturing that includes 
torticollis and opisthotonos

■ Believed to be a protective mechanism 
adopted by some patients with gastro-
esophageal refl ux, esophagitis, or 
hiatal hernia

 Dermatogenic torticollis 
■ A painful, stiff  neck resulting from 

extensive local skin lesions
 Spurious torticollis 

■ Stiff ness of the neck from dental 
malformations or caries
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and torticollis, without a known cause. Signs and symptoms usually develop within the fi rst 
2 years of life and may persist for months to years. However, the clinical course often is 
benign and self-limited. A dystonic torticollis may follow the administration of several drugs, 
including phenothiazines, carbamazepine, and phenytoin. Th e presence of other extrapyra-
midal signs can often be used to distinguish patients who have dystonic reactions.

Neoplasms associated with torticollis include cervical cord tumors and cerebellar tumors. 
Posterior fossa masses may manifest similarly to spasmus nutans with nystagmus, head nod-
ding, and torticollis. For patients with cerebellar tumors, however, ataxia is often a cardinal 
feature. Sandifer syndrome is an abnormal posturing that includes torticollis and opisthoto-
nos. Th is syndrome is believed to be a protective mechanism adopted by some patients with 
one of several conditions, including gastroesophageal refl ux, esophagitis, or hiatal hernia. 
Dermatogenic torticollis is a painful, stiff  neck that results from extensive local skin lesions. 
Stiff ness of the neck resulting from dental malformations and caries is called spurious torticollis.

 EVALUATION
History
Th e fi rst step in determining the cause of torticollis should be to obtain a thorough and 
detailed history. Particular attention should be given to duration of symptoms, variation 
in severity of symptoms at diff erent times of day (morning stiff ness), previous trauma, 
presence of fever, and other systemic manifestations, including other musculoskeletal 
system symptoms. In younger patients, the birth history is essential.

Physical Examination
Physical examination should not be limited to the head and neck areas but should include all 
organ systems. Findings such as craniofacial asymmetry suggest a congenital torticollis of long 
duration. Th e presence of webs or cysts in the neck should raise the suspicion of pterygium 
colli or remnant cysts. Patients with acquired torticollis as a result of trauma often have a tender 
SCM. Point tenderness over the cervical spine may suggest an underlying fracture or subluxation. 
Cervical vertebral osteomyelitis should be suspected in patients who have point tenderness in 
association with an unexplained fever. A thorough examination of the musculoskeletal system 
is necessary to examine muscle tone, muscle strength, hip positions, and the alignment of the 
lower extremities and feet. All vertebrae must be examined, with attention paid to the presence of 
sacral dimples. Examination of peripheral joints should be done to assess for evidence of arthritis 
in the forms of joint swellings or limitations of movement in association with pain, warmth, or 
redness. A thorough neurologic exam must be completed, checking cranial nerves and including 
vision, sensation, refl exes, fi ne and gross motor skills, and cerebellar testing.

Laboratory Evaluation
Th e presence of peripheral leukocytosis and increased sedimentation rate can be helpful 
adjuncts in diagnosing torticollis caused by infection or infl ammation.

Imaging Studies
Imaging of the cervical spine should be obtained in all neonates with torticollis and in older 
children who have fi ndings that suggest vertebral involvement or who have persistent tor-
ticollis. Ultrasound is the imaging modality of choice for initial evaluation.7 Patients with 
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neurologic defi cits should undergo prompt computed tomography scanning or magnetic 
resonance imaging of the head and neck.

 MANAGEMENT
Congenital muscular torticollis responds well to prompt conservative treatment during the 
fi rst year of life.8 Medical management includes passive and active stretching of the neck. 
Gentle (passive) stretching can be performed daily by the parents of the child or by a physical 
therapist. Active stretching is achieved by manipulating the infant’s environment in such a 
way that objects of interest are located on the opposite side of the room from the torticollis, 
inducing the infant to turn the neck in the desired direction.

Surgical correction is essential if the deformity persists beyond the fi rst year of life, 
if range of motion is restricted more than 30%, or if residual craniofacial deformity 
exists.9,10 Craniofacial asymmetry is best reversed at an early age when the child’s growth 
potential is at its maximum. Th e surgical procedure that has the best results involves a 
bipolar tenotomy of the aff ected SCM, followed by casting or bracing to maintain the 
corrected posture.11

Acquired muscular or ligamentous torticollis is managed with local heat, massage, anal-
gesics, muscle relaxants, and a soft cervical collar. Symptoms usually resolve in 7 to 10 days. 
Notably, however, patients with acquired muscular or ligamentous torticollis experience only 
mild discomfort. Any child with severe neck pain or tenderness over the vertebra requires 
immediate cervical immobilization until radiography can be performed to exclude the 
possibility of vertebral fracture or subluxation.

Drug-induced dystonic reactions are reversed by discontinuing the off ending drug and 
administering intravenous diphenhydramine. Th e treatment of torticollis arising from other 
specifi c diseases should be directed at the cause.

When to Refer

• Presence of craniofacial asymmetry
• Radiographic evidence of cervical spine abnormality
• More than 30% restriction in range of motion
• Persistence beyond the fi rst year of life

When to Admit

• Presence of neurologic defi cits
• Severe neck pain
• Point tenderness over the vertebrae

TOOLS FOR PRACTICE

Engaging Patient and Family
• Head Tilt (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/head-neck-nervous-system/Pages/Head-Tilt.aspx)
• Positional Skull Deformities and Torticollis (fact sheet), American Academy of Pediatrics 

(www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/
Pages/Positional-Skull-Deformities-and-Torticollis.aspx)

http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Head-Tilt.aspx
http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Head-Tilt.aspx
http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Positional-Skull-Deformities-and-Torticollis.aspx
http://www.healthychildren.org/English/health-issues/conditions/head-neck-nervous-system/Pages/Positional-Skull-Deformities-and-Torticollis.aspx
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Chapter 81

Vaginal Bleeding
Maria Trent, MD, MPH; Alain Joff e, MD, MPH

Th e assessment of vaginal bleeding depends largely on the pubertal status of the patient. 
In prepubertal girls, vaginal bleeding usually refl ects a localized problem in the vagina or 
uterus. In pubertal girls and young women, the diff erential diagnosis includes disorders 
aff ecting the hypothalamic-pituitary-ovarian (HPO) axis and complications of pregnancy 
in addition to local causes. In all cases, however, a complete history and thorough physical 
examination will provide important clues to the diagnosis.

 PREPUBERTAL GIRLS
In utero, maternal estrogen diff uses across the placenta into the fetal circulation. After 
birth, estrogen levels in the infant fall, resulting in a physiologic vaginal discharge that 
can be blood tinged or frankly bloody. No treatment except reassurance is necessary, and 
the discharge usually disappears within 10 days.

Several conditions can result in vaginal bleeding in the prepubertal child, including 
vulvovaginal infections, excoriations secondary to pruritus, foreign bodies, sexual abuse, 
trauma (eg, involving a straddle injury during bike riding), tumors, condylomata, hem-
angiomas, polyps, and coagulopathies.1 Any suggestion of sexual abuse, such as bruising, 
hymenal tears, or other signs of trauma, mandates obtaining a careful, nonthreatening history 
from the child and caretaker to determine the need for a referral to child protective services 
for full investigation including forensic interview and subspecialty medical evaluation.

Nighttime pruritus may indicate a pinworm infestation. Th e Scotch tape slide test, to 
look for pinworm eggs, can help establish Enterobius vermicularis infestation. If petechiae 
or numerous bruises are noted on physical examination, a platelet count and clotting stud-
ies are indicated to screen for a coagulopathy. A foreign body in the vagina should always 
be considered, even if no history of such exists. Contrary to popular belief, most girls who 
have bleeding from a foreign body do not have an associated foul-smelling discharge. Th e 
physician should also make sure that the bleeding is vaginal in origin, given that a prolapsed 
urethra can mimic vaginal bleeding.

Excoriation, erythema, or a rash in the perineal area make vaginitis a distinct possibility. 
If a vaginal discharge is found and microscopic examination demonstrates large numbers 
of white blood cells, then vaginitis is highly likely. Concern about sexual abuse should prompt 
cultures for Neisseria gonorrhoeae and Chlamydia trachomatis. Other bacterial cultures may 
be necessary. For example, a history of diarrhea in the weeks preceding onset of the bleed-
ing suggests vaginitis caused by Shigella organisms. Group A beta-hemolytic streptococcus 
can also cause vaginitis.
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Vaginal bleeding caused by a foreign body or vulvitis will respond to removal of the for-
eign body and proper perineal hygiene. Occasionally, systemic antibiotics may be necessary. 
Foreign bodies can often be washed out with a soft, fl exible catheter; sharp objects should 
be removed carefully, under direct visualization. Care should be taken to avoid touching 
or manipulating the unestrogenized prepubertal hymen as to avoid pain to the child. 
Referral to a gynecologist may be required if the patient is uncooperative. After removal 
of a foreign body, bleeding should subside within 10 days. If it does not, then referral 
to a gynecologist is indicated. Th e entire foreign body may not have been removed, or 
a tumor, not readily visualized by the primary care physician, may be the actual cause of 
the bleeding. Similarly, when treatment of the presumed cause does not end the bleeding, 
referral for a more thorough examination is indicated.

 PUBERTAL GIRLS
Evaluation
Abnormal vaginal bleeding in pubertal girls can indicate a variety of disorders. Evaluation 
of this symptom depends on the nature of the problem: Is she bleeding between normal 
periods, or have her previously regular menses become more frequent or heavier? A teen-
ager whose prior menses have been regular might possibly begin to have infrequent but 
heavy menstrual bleeding. In general, normal periods in adult women (measured from 
the fi rst day of 1 period to the fi rst day of the next), range from 21 to 35 days with a fl ow 
of 3 to 7 days.2 Flow greater than 1 week is considered excessive. A similar cycle pattern 
is observed in adolescent girls, but cycle length is more variable, especially in the fi rst few 
years after menarche. Although the normal blood loss during menses is 30 to 40 mL, with 
an upper limit of 80 mL,3,4 the quantity of blood loss is diffi  cult to assess by history unless 
the patient reports very light fl ow.5 History should include an assessment of menstrual 
pattern and the quantity of pads or tampons used. Although research has demonstrated 
the value of pictorial assessment to determine menstrual blood loss,6 laboratory assess-
ment of hemoglobin, hematocrit, or both is useful for determining if signifi cant blood 
loss resulting in anemia has occurred.

Normal menstrual function requires that the HPO axis function properly. Follicle-
stimulating hormone (FSH) causes maturation of ovarian follicles, which produce estrogen. 
Rising levels of estrogen stimulate the endometrial lining of the uterus to proliferate and, 
at the same time, induce a midcycle surge of luteinizing hormone (LH) that causes the 
primary follicle to release an ovum, after which LH and FSH levels fall. Th e remnants 
of the follicle (corpus luteum) now produce progesterone, which converts the prolifera-
tive endometrium to a secretory phase. At the end of a normal cycle, the corpus luteum 
involutes, and both estrogen and progesterone levels fall. Th e endometrial lining is shed, 
and bleeding occurs.7

In adolescents, especially young adolescents, the HPO axis is relatively immature and 
highly sensitive to disturbance by several endogenous and exogenous factors; this perturbation 
leads to irregular bleeding. Among young adolescents (but in some older adolescents as well), 
the axis has not yet matured, and most cycles are anovulatory. Th us the endometrium prolif-
erates under estrogen stimulation from the maturing follicle, but the midcycle LH surge is 
absent, ovulation does not occur, and the progesterone-secreting corpus luteum never forms. 
Toward the end of the cycle, the follicle involutes, estrogen levels fall, and bleeding occurs. 
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Infl uenced by estrogen only, endometrial shedding is incomplete and irregular, accounting for 
the excessive bleeding of anovulatory cycles. Alternatively, fl uctuating estrogen levels during 
an anovulatory cycle result in estrogen withdrawal bleeding. Th e occasional ovulatory cycle 
helps stabilize endometrial growth, and because the corpus luteum produces progesterone, a 
more organized withdrawal bleed occurs. Hence, any condition that increases the frequency 
of anovulatory cycles is more likely to produce the kind of uterine bleeding that prompts 
the teenager to seek medical care.

Most teenagers who seek evaluation for genital bleeding in the fi rst few years after men-
arche will have abnormal uterine bleeding (AUB) secondary to an immaturity of the HPO 
axis, with resultant anovulatory cycles.5 Because this is a diagnosis of exclusion, the primary 
care physician should search for other causes that aff ect the integrity of the HPO axis and 
can mimic AUB from this cause. Anovulatory cycles may also occur in patients with a 
mature HPO axis who have disorders such as polycystic ovary syndrome,8 thyroid disease, 
or conditions resulting in hypothalamic amenorrhea (emotional stress, eating disorders, 
chronic illness, or intense athleticism). Additional causes of abnormal bleeding in this age 
group include disorders of pregnancy, other endocrine abnormalities, cervicitis, vaginitis, 
pelvic infl ammatory disease, other sexually transmitted infections, foreign bodies, tumors, 
coagulopathies, drugs, and systemic disorders (Box 81-1).3,5,9 Heavy bleeding at menarche, 
signifi cant anemia, or the need to be hospitalized to control the bleeding all increase the 
likelihood that a coagulopathy or another pathologic condition is the cause of the bleeding.7,10 
Family history, however, has been shown to be a better predictor of coagulopathy than men-
strual history.11 While the International Federation of Gynecology and Obstetrics [FIGO] 
and the American College of Obstetrics and Gynecology (ACOG) have disregarded many of 
the old terms used to describe menstrual abnormalities and developed a new nomenclature 
for use in adult women termed PALM-COEIN (PALM [structural causes: poly, adenomyosis, 
leiomyoma, malignancy and hyperplasia]; COEIN [nonstructural causes: coagulopathy, 
ovulatory dysfunction, endometrial, iatrogenic, and not yet classifi ed]),12,13 it is important 
to adequately explore the diagnostic entities common in pubertal girls such as anovulatory 
bleeding, pregnancy, sexually transmitted infections, and von Willebrand disease.

History
Most causes of vaginal bleeding or abnormal uterine bleeding (see Box 81-1) can be ruled 
out by history and physical examination. Maternal support during the initial history taking 
can be useful. Many mothers track the menstrual periods of their adolescent daughters, 
especially in the fi rst years after menarche, and are keenly aware of the amount of bleeding 
based on the quantity of feminine products purchased, stained laundry, evidence of fatigue, 
and general level of their activity and behavior. A mother can often provide detailed family 
medical histories for fi rst-degree female relatives, as well as that of her daughter.

Certain key aspects of the history may be diffi  cult to obtain. A young woman may hesitate 
to reveal that she has engaged in sexual intercourse or that she has been sexually abused. Th e 
patient should be interviewed alone regarding sexual activity, sexually transmitted infections 
(including associated symptoms such as cramping, vaginal discharge, and dyspareunia), 
abuse, stress, weight changes and eating habits, participation in sports and other activities, 
chronic illnesses, other bleeding problems, medication use (particularly contraceptives), and 
substance use patterns. If a discharge is foul smelling and bloody, then a foreign body or 
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BOX 81-1

Possible Causes of Abnormal Uterine Bleeding
PREGNANCY COMPLICATIONS

• Spontaneous abortion
• Ectopic pregnancy
• Retained gestational products
• Trophoblastic disease

HEMOSTATIC DISORDERS

• von Willebrand disease
• Idiopathic thrombocytopenia
• Coagulation factor defi ciency
• Platelet dysfunction (eg, Glanzmann 

disease, Bernard-Soulier syndrome)

THROMBOCYTOPENIA

• Immune thrombocytopenia
• Bone marrow infi ltration by malignancy 

(eg, leukemia)
• Bone marrow failure disease (eg, aplastic 

anemia)

SYSTEMIC DISEASE

• Systemic lupus erythematosus
• Renal failure
• Hepatic failure
• Malignancy

CONDITIONS OF THE REPRODUCTIVE 
TRACT

Vagina

• Vaginitis
• Trauma
• Foreign body
• Congenital anomaly (septum)
• Neoplasia

Cervix

• Cervicitis, erosion
• Cervical polyp
• Neoplasia

Uterus

• Endometritis
• Endometrial polyp

• Submucosal leiomyoma
• Arteriovenous malformation
• Congenital anomaly
• Neoplasia

Pancreas

• Diabetes mellitus

Pelvis

• Endometriosis

ENDOCRINE DISORDERS

Hypothalamus, Pituitary

• Immature HPO axis
• Hyperprolactinemia
• Anorexia nervosa, malnutrition
• Excessive exercise

Ovary

• Polycystic ovary syndrome
• Luteal phase abnormality
• Primary ovarian insuffi  ciency
• Neoplasia (hormone secreting)

Adrenal

• Congenital adrenal hyperplasia
• Cushing disease
• Adrenal insuffi  ciency
• Neoplasia

Thyroid

• Hypothyroidism
• Hyperthyroidism

Iatrogenic

• Hormonal contraceptives
• Anticoagulants
• Neuroleptics
• Intrauterine contraceptive device
• Androgens
• Spironolactone
• Antipsychotic medication
• Platelet inhibitors
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retained tampon is likely; however, necrotic tumors can result in similar bleeding patterns. 
Pruritus or dysuria suggests vaginitis or cervicitis as the cause of the bleeding. Bleeding 
between periods is common during the fi rst 2 or 3 cycles of oral contraceptive use and gener-
ally does not require any additional therapy; however, cervicitis secondary to N gonorrhoeae 
or C trachomatis infection or vaginitis secondary to Trichomonas vaginalis may also result 
in intermenstrual spotting. Young women who receive depot medroxyprogesterone acetate 
(Depo-Provera) injections often have frequent and irregular periods of excess bleeding, 
particularly in the fi rst months after beginning use of this contraceptive method. Teenagers 
who forget to take 1 or 2 oral contraceptive pills may also have some bleeding.3 Occasionally, 
women may have a small amount of bleeding or spotting after sexual intercourse, and some 
will have spotting around the time they ovulate. A complete family history is important 
to determine if other family members have any kind of bleeding problem. Complications 
of pregnancy (ectopic pregnancy or incomplete abortion) are more likely if a history of 
1 or 2 missed periods exists, if the prior menstrual period was lighter than normal, if other 
symptoms of pregnancy are present (breast tenderness or nausea), or if the bleeding is 
accompanied by crampy, lower abdominal pain. A history of passing tissue or tissue present 
in the vaginal canal is also suggestive of complications of pregnancy. Blood dyscrasias, such 
as thrombocytopenia or von Willebrand disease, can cause heavy vaginal bleeding without 
other cutaneous manifestations of bleeding. Symptoms of endocrine disorders, such as cold 
intolerance, polyuria, nipple discharge, headache, acne, and increased facial hair, can be 
easily assessed using a comprehensive review of systems.

Physical Examination
Th e physical examination should include measurement of height, weight, and blood pressure, 
as well as thorough palpation of the thyroid gland. Visual fi eld and funduscopic examina-
tions are necessary to help rule out a prolactinoma. Increased facial hair is consistent with 
polycystic ovaries or an adrenal tumor. Striae suggest Cushing disease. An enlarged clitoris is 
consistent with an androgen-secreting tumor or late-onset 21-hydoxylase defi ciency. Normal 
fi ndings on physical examination, including pelvic examination, help rule out the many 
causes of vaginal bleeding or abnormal uterine bleeding listed in Box 81-1. Vulvar or vaginal 
bruising or lacerations suggest the probability of sexual abuse, although the most common 
fi nding after sexual abuse is a normal examination without any evidence of trauma.1 Lack 
of abdominal pain with adnexal or cervical motion tenderness excludes pelvic infl ammatory 
disease.14 If the ovaries are of normal size, then ovarian tumors or cysts are unlikely sources 
of the bleeding. A minimally enlarged uterus, consistent with early pregnancy, may not be 
noted by an inexperienced examiner. Endometrial polyps or submucous leiomyomas are 
distinctly unusual in women younger than 20 years, and they cannot be palpated by the 
examiner on the usual pelvic examination. With a patient who has an intractably heavy fl ow, 
these entities should be considered.

Laboratory Tests
For most cases of vaginal bleeding, relatively few laboratory tests are needed. A complete 
blood count with indices provides an objective measurement of the amount and duration of 
bleeding and guides the treatment approach for patients with an otherwise negative evalua-
tion. A urinalysis and urine pregnancy test should also be obtained. Bleeding associated with 
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crampy lower abdominal pain may indicate ectopic pregnancy, and a quantitative serum 
pregnancy test is indicated. Screening for N gonorrhoeae, C trachomatis, trichomonas, and 
bacterial vaginosis is indicated for sexually active patients or when there is any suspicion of 
sexual abuse. A pelvic sonogram is indicated if ectopic pregnancy is suspected, if a pelvic 
mass is found on bimanual examination, or if the pelvic examination is diffi  cult.

Th yroid-stimulating hormone function tests, prolactin, LH and FSH levels, and coagula-
tion tests should be ordered if hormonal therapy is contemplated. Any evidence of hyperan-
drogenism necessitates measurement of androgens, which may initially include free and total 
testosterone, and dehydroepiandrosterone sulfate. Coagulation tests such as a prothrombin 
time, partial thromboplastin time, von Willebrand panel, and platelet aggregation studies 
are indicated if the patient has profuse hemorrhage, menorrhagia at menarche, a family 
history of bleeding disorders, or unexplained heavy vaginal bleeding. Measures of iron stores 
(eg, ferritin, reticulocyte count, hemoglobin content) may also be useful in managing iron 
defi ciency even in the absence of anemia.

Management
Sexually transmitted infections are easily diagnosed and can usually be treated with anti-
biotics.14 Th e complications of pregnancy, such as threatened or spontaneous abortion, 
can be managed in the outpatient setting. However, a physician experienced in the 
management of early pregnancy should be consulted. For patients with bleeding 
disorders, consultation with a hematologist may be required.

Most cases of vaginal bleeding in adolescent girls are caused by anovulatory cycles. In other 
instances, the physician must manage the bleeding without knowing the cause. Treatment 
decisions can be guided using the patient’s clinical symptoms and the results of basic labo-
ratory testing. Although some physicians may feel comfortable using hormonal therapy, 
others may prefer the guidance of a more experienced physician. Because many patients 
with DUB are early adolescents accompanied by their parents, the primary care physician 
should include the parents in the decision to begin hormonal treatment in a non–sexually 
active patient. Assuring the parents that combined oral contraceptives (COCs) are, in this 
instance, being used as treatment; COCs are the most convenient way to package and deliver 
hormonal treatment; short-term use of COCs for 3 to 6 months is anticipated; and close 
follow-up will be provided during the treatment period, will often alleviate concerns about 
hormonal treatment and prevent rejection of these methods by the family. All patients with 
abnormal vaginal bleeding should be instructed to maintain a menstrual calendar to facilitate 
follow-up management.

Mild cases of AUB that do not result in anemia and that do not greatly upset the 
patient and her parents can be managed expectantly with no immediate, specifi c therapy. 
Th ose who have mild anemia (hemoglobin value 11–12 g/dL) should receive iron supple-
mentation. Some problems will resolve in 3 or 4 cycles. For a sexually active patient, 
oral contraceptive pills can be prescribed to treat the bleeding, as well as to provide 
contraception. Nonsteroidal anti-infl ammatory drugs (NSAIDs), such as ibuprofen or 
naproxen, can also be used for their demonstrated antiprostaglandin eff ects. It should be 
noted that patients with von Willebrand disease or other hemostatic abnormalities may 
have increased bleeding if NSAIDs are prescribed. Patients with mild bleeding should be 
reevaluated in 6 to 8 weeks.
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In addition to iron supplementation, hormonal therapy is indicated in teenagers who 
have moderate AUB (enough to cause a decrease in hemoglobin to less than 11–12 g/dL). 
Girls who have menses every 1 to 3 weeks also need treatment. Treatment includes COCs 
or progestin alone. As previously mentioned, COCs are easier to use (1 pill is taken daily 
every day of the month). If the patient has a condition in which COCs are contraindicated 
or this method is rejected by the patient or her parents, then medroxyprogesterone 10 mg 
orally can be given daily for 10 to 14 days, beginning on the fi rst day of each month 
(calendar method) or on the fourteenth day of the menstrual cycle (day 1 being the fi rst 
day of bleeding).2 Th e patient with moderate bleeding should be reassessed in 4 to 6 weeks.

Patients with severe prolonged heavy AUB accompanied by a drop in hemoglobin to 
10 g/dL or less need to be treated more aggressively. In this instance, adolescent medicine or 
gynecologic consult should be sought, clotting studies obtained, and hospitalization strongly 
considered.15 For patients with severe bleeding, COCs (1 tablet taken twice daily for 3 to 
4 days) will generally stop the bleeding. However, prescribing a COC such as ethinyl estradiol-
norgestrel–28 every 4 hours may be necessary initially until the bleeding stops, then every 
6 hours for 24 hours, then every 8 hours for 4 days, and then twice daily to complete 3 weeks 
of hormonal therapy. Antiemetic medications may be required to counteract the side eff ects 
of the high levels of estrogen contained in this regimen. A withdrawal bleed will occur 2 to 
4 days after completion of this initial course of therapy. Patients with signifi cant AUB should 
avoid the placebo pills contained in the COC pill packs and remain on continuous COCs 
until the hemoglobin and hematocrit begin to normalize. Iron and folic acid supplementa-
tion should be included as a part of the therapeutic plan.

The need for blood transfusion will depend on the hemodynamic stability of the 
patient. Although some physicians prefer to use conjugated estrogens (25 mg intravenously 
every 4 hours) to stop the bleeding, use of ethinyl estradiol-norgestrel–28 or a similar COC 
given 6 times a day and then gradually tapered to once a day over the next 7 to 10 days will 
usually stop the bleeding. Endometrial biopsy or dilation and curettage is rarely indicated. 
Even when these measures succeed in controlling the vaginal bleeding, aff ected adolescents 
require long-term, close follow-up because an appreciable number of them will continue to 
have menstrual abnormalities.15

When to Refer

• Patient is experiencing severe bleeding or initial attempts to control the bleeding by the 
primary care physician have failed.

• Vaginal bleeding seems to be secondary to a chronic illness that the primary care physi-
cian is unable to manage.

• Primary care physician feels uncomfortable performing a pelvic examination.
• Long-term hormonal therapy is required.
• Evidence of anatomical abnormality exists.
• Evidence of a complicated endocrine disorder exists.
• Evidence of a coagulopathy exists or additional guidance is required for further evalua-

tion of a coagulation or hemostatic disorder.
• Evidence of a malignancy exists.
• Evidence of sexual abuse exists.
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When to Admit

• Patient shows evidence of hemodynamic instability.

TOOLS FOR PRACTICE

Engaging Patient and Family
• All About Menses (Web page), Nemours Foundation (kidshealth.org/teen/sexual_health/

girls/menstruation.html)
• Th e Pelvic Exam (handout), American Academy of Pediatrics (patiented.solutions.aap.org)
• Puberty—Ready or Not, Expect Some Changes (handout), American Academy of 

Pediatrics (patiented.solutions.aap.org)

Medical Decision Support
• American College of Obstetricians and Gynecologists (ACOG), (www.acog.org)
• STD Treatment Guidelines (Web page), Centers for Disease Control and Prevention 

(www.cdc.gov/std/treatment)
• Young Women’s Health Center (Web site), Boston Children’s Hospital (www.

youngwomenshealth.org)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Adolescence, American College of Obstetricians 
and Gynecologists and Committee on Adolescent Health Care. Menstruation in girls and adolescents: 
using the menstrual cycle as a vital sign. Pediatrics. 2006;118(5):2245–2250 (pediatrics.aappublications.org/
content/118/5/2245.full)

American Academy of Pediatrics Committee on Sports Medicine and Fitness. Medical concerns in 
the female athlete. Pediatrics. 2000;106(3):610–613. Reaffi  rmed May 2008 (pediatrics.aappublications.
org/content/106/3/610.full)

Jenny C, Crawford-Jakubiak JE; American Academy of Pediatrics Committee on Child Abuse and Neglect. 
The evaluation of children in the primary care setting when sexual abuse is suspected. Pediatrics. 
2013;132(2):e558–e567 (pediatrics.aappublications.org/content/132/2/e558.full)
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Chapter 82

Vaginal Discharge
Linda M. Dinerman, MD, PC; Alain Joff e, MD, MPH

Vaginal discharge is a common complaint to pediatricians. However, the presence of discharge 
is not necessarily abnormal; this symptom may represent the vagina’s response to changes in 
estrogen levels, and the pediatrician need only reassure the patient and her parents. In most 
circumstances, the age of the patient, her pubertal status, and whether she has ever had sexual 
intercourse are key elements in sorting out the cause of the discharge.

 NEWBORN PERIOD
In utero, the vaginal epithelium of the neonate is stimulated by maternal hormones that 
cross the placenta into the fetal circulation. After delivery, these hormone levels fall rapidly, 
and the parents may note a thick, grayish-white, mucoid discharge from the neonate’s vagina. 
In many instances, the discharge is blood tinged or even grossly bloody. No treatment is 
needed, and the discharge usually resolves by 10 days of age.

 PREPUBERTAL GIRLS
Th e genital area of prepubertal girls is more susceptible to infection than that of older, 
pubertal girls. Th e labial folds are smaller and lack pubic hair, and the distance between the 
vagina and the rectum is relatively short compared with adolescents and adults.1 Low levels 
of circulating estrogen render the vaginal mucosa relatively thin and susceptible to irrita-
tion or infection. Th e alkaline pH (approximately 7.0) of the vaginal secretions aff ords a 
hospitable environment to bacteria, which together with poor perineal hygiene, allows fecal 
fl ora to establish themselves more easily in the genital area. Box 82-1 lists causes of vaginal 
discharge in prepubertal girls.

Evaluation
When evaluating a premenarchal girl who has vaginal discharge, the physician should inquire 
about her hygiene. Wiping from the rectum toward the vagina brings intestinal fl ora to the 
vaginal introitus. Use of chemicals such as bubble baths, deodorants, or strong detergents 
to launder underwear can irritate the vulva and vagina. Occlusive nylon or rayon underwear 
provides a moist environment for potential pathogens, and the material itself can be an 
irritant. Although accounting for less than 5% of cases of vaginal discharge, the possibility 
that the child or an abuser placed a foreign body, such as toilet paper, a coin, a small toy, or 
other objects, in her vagina should be considered. In such cases, the child has a discharge 
that can range from scant to abundant; can be white, brown, or bloody; and is frequently 
malodorous.2
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Th e parents should be asked about recent or concomitant illness. For example, vaginal 
discharge is associated with Streptococcus pyogenes infection (with or without scarlet fever) and 
with Shigella infection, occurring coincident with or after an episode of diarrhea. Systemic 
illnesses such as varicella also may be associated with vaginal discharge. Rectal infestations 
with Enterobius vermicularis (pinworms) can lead to vaginitis if the eggs are deposited around 
or in the vagina. A history of nocturnal itching accompanying vaginal discharge suggests this 
diagnosis. Candida vulvovaginitis is an uncommon cause of vaginal discharge or vulvovaginitis 
in prepubertal girls unless the child has recently taken antibiotics, has diabetes mellitus, is 
still in diapers, or is immunocompromised.1

Sexually transmitted organisms, such as Neisseria gonorrhoeae, Chlamydia trachomatis, and 
Trichomonas vaginalis, are known to cause vaginal infections in prepubertal girls. Whereas 
N gonorrhoeae clearly causes vaginal discharge, evidence that C trachomatis alone does so is 
limited.3,4 Th e possibility of sexual abuse should always be considered in the evaluation of 
any child with vaginal discharge.

Although these other entities should be considered carefully as the physician evaluates the 
young patient, nonspecifi c vaginitis, in which no clear causative agent for the discharge can 
be established, accounts for 25% to 75% of cases of vulvovaginitis.1 Rare causes of discharge 
include polyps or tumors; ectopic ureters, which drain urine into the vagina, resulting in 
a wetness that is mistaken for discharge; a draining pelvic abscess; or a prolapsed urethra, 
often associated with a bloody discharge.

Th e physical examination should include the entire genital and rectal area. Th e condition 
of the vulva, urethral meatus, and vaginal introitus should be noted. Infections in prepu-
bertal girls usually involve the vulva as opposed to only the vagina. Th e presence of bruises, 
lacerations, or scrapes in the genital area is suggestive of sexual abuse, although it must be 
remembered that in most cases of child sexual abuse, the examination reveals no evidence 

BOX 82-1

Causes of Vaginal Discharge in Prepubertal Girls
• Nonspecifi c vaginitis (the most common 

cause)
• Irritative (bubble baths, sand); the vulva is 

often involved as well. Nonabsorbent, 
occlusive clothing such as nylon undergar-
ments, tights, bathing suits also irritate 
the vulva, leading to skin breakdown and 
infection. Although uncommon, Candida 
species infections can arise under these 
circumstances.

• Poor perineal hygiene
• Foreign body
• Associated systemic illness (group A 

streptococci, varicella)
• Other respiratory pathogens (eg, Haemophilus 

infl uenzae) may also cause discharge

• Enteric infections
• Escherichia coli with foreign body
• Shigella organisms
• Yersinia organisms
• Enterobius vermicularis
• Sexually transmitted infections (strong 

presumption of sexual abuse)
• Neisseria gonorrhoeae
• Trichomonas vaginalis
• Chlamydia trachomatis (Whether this 

organism alone can cause discharge is 
unclear. C trachomatis is often isolated in 
conjunction with N gonorrhoeae.)

• Primary vulvar skin disease
• Tumor, polyps (rare)
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of trauma. Excoriations around the rectum or vagina suggest itching caused by pinworms. 
A rash that spares skin folds is consistent with an irritative cause; one that is predominantly 
within the skin folds suggests candidiasis.

Having the girl sit on her mother’s lap with her legs spread so that they dangle outside her 
mother’s legs will often aff ord the examiner a clear view of the vulva and vaginal introitus. 
Alternatively, she may lie on her back in the frog-leg position or face down on the examining 
table in the knee-chest position. Care should be taken to avoid touching or manipulating the 
sensitive unestrogenized hymen of a prepubertal child to minimize pain. If a foreign body 
is thought to be present (because of a thick discharge that is often bloody and sometimes 
foul smelling) but not visualized, then irrigating the vagina with a soft, fl exible catheter and 
tepid saline solution will often fl ush out bits of toilet paper or small objects.1

If suffi  cient vaginal discharge is present, then several drops of the secretion should be 
placed on 2 glass slides. If the discharge is scant, then a saline-moistened cotton swab can 
be introduced into the vagina to obtain samples for the glass slides. Several drops of normal 
saline solution should be added to 1 slide to create a wet preparation. Several drops of 10% 
potassium hydroxide should be added to the second slide, which should then be gently heated 
to dissolve epithelial cells, allowing visualization of hyphae. Slides should be examined, as 
indicated in Table 82-1. If indicated, cultures for N gonorrhoeae and C trachomatis should 
be performed; alternatively, evaluation with nucleic acid amplifi cation tests may be easier to 
perform and provide more sensitive testing.3 A piece of cellophane tape with its sticky side 
applied to the perianal area and then onto a glass slide for microscopic examination may 
reveal the typical eggs of E vermicularis.

Management
If the history or physical examination suggests an irritative origin, then parents should 
discontinue the off ending agent and have the child wear cotton underpants. Sitz baths will 
provide temporary relief until natural healing takes place. Removal of a foreign body 
will result in rapid improvement and cessation of the discharge. Pinworm infestations should 
be treated in the usual manner. Infections caused by poor personal hygiene will respond 
to the general measures just listed, coupled with instructions about proper perineal hygiene. 
If the discharge is associated with another infection (such as S pyogenes or Shigella organisms), 
then it will disappear as the underlying infection is treated.

When the organism causing the vaginal discharge is found to be sexually transmitted, 
more comprehensive evaluation and treatment are required.1 Appropriate antibiotic treat-
ment should be prescribed and a report to child protective services made.

Nonspecifi c vaginitis will usually respond to thorough perineal hygiene, sitz baths, 
and mild soaps. Patients should be advised to wear white cotton underpants and loose-
fi tting pants or skirts, to avoid nylon tights and tight pants, to avoid sitting for long 
periods in nylon bathing suits, and to wipe only from front to back. For persistent cases, 
the condition can be treated with amoxicillin, amoxicillin clavulanate, a cephalosporin, 
or clindamycin in standard childhood doses for 10 to 14 days.1 Alternatively, a 1- to 
2-month daily low-dose antibiotic may be helpful. If these approaches are unsuccess-
ful, then antibiotic creams (mupirocin, gentamicin, metronidazole, or clindamycin) or 
estrogen creams may be used. If symptoms persist, the patient should then be referred 
to a pediatric gynecologist.



Signs and Sym
ptom

s in Pediatrics
966

Table 82-1
Major Causes of Vaginal Discharge in Pubertal Girls

AGENT DISCHARGE ODOR; pH
DYSURIA; 
PRURITUS

OTHER 
CLUES DIAGNOSIS TREATMENTa

Candida 
albicans

Thick, white, 
curdlike, 
cheesy 

None usually; 
pH 4.5 
(obtained 
from mid-
vagina with 
nitrazine 
paper)

Dysuria 
frequent; 
pruritus 
(4+)

Vulva affected; 
association 
with use of 
some oral 
contracep-
tives and, in 
some women, 
with antibiotic 
use

Hyphae on potassium 
hydroxide examination

A variety of effective treatments are available for vaginal candidiasis, 
including creams, suppositories, and intravaginal tablets. Three-, 5-, and 
7-day therapies offer no advantage over single-day treatments. Flucon-
azole 150 mg orally as a single dose is as effective as other regimens; 
however, more systemic side effects may occur. Ultimately, the best 
treatment is a combination of patient preference, what treatments are 
covered by her insurance policy, and whether it is less expensive or 
more convenient for the patient to obtain a prescription medication or 
purchase an over-the-counter treatment.

Trichomonas 
vaginalis 

Frothy; 
yellow-green 
or gray

Foul smelling; 
pH 5.2–5.5

Dysuria 
frequent; 
pruritus

Low 
abdominal 
pain; “straw-
berry” cervix; 
punctate 
vaginal 
hemorrhages

Motile trichomonads 
on wet preparation; 
avoid drying specimen; 
affi rm VP III & OSOM 
tests are commercially 
available tests when 
microscopy is not 
available

Metronidazole 2 g orally in a single dose or tinidazole 2 g orally in a single 
dose. Alternative regimens include metronidazole 500 mg orally twice 
daily for 7 days. If failure occurs with either of the indicated regimens 
(and reinfection is excluded), the patient should be treated with metroni-
dazole 500 mg twice daily for 7 days. Repeated failures should be treated 
with tinidazole or metronidazole at 2 g orally for 5 days. The patient 
should be advised to avoid alcohol until 24 hours after completion of 
therapy with metronidazole or 72 hours after treatment with tinidazole.

Bacterial 
vaginosisb 

Homoge-
neous, thin, 
white dis-
charge that 
smoothly 
coats the 
vaginal walls

A fi shy odor 
of vaginal 
discharge 
before or 
after addi-
tion of 10% 
KOH (ie, the 
whiff test); 
pH >4.5

No dysuria; 
slight 
pruritus

Occurs in 
association 
with anaer-
obes and G 
vaginalis 

Clue cells on wet 
preparation (bacteria-
coated epithelial 
cells); affi rm VP III & 
OSOM Blue BV tests 
are commercially 
available tests when 
microscopy is not 
available

Metronidazole 500 mg orally twice daily for 7 days, metronidazole 
gel 0.75% 1 full applicator (5 g) intravaginally once daily for 5 days or 
clindamycin cream 2%, 1 full applicator (5 g) intravaginally every night 
at bedtime for 7 days. Alternative regimens include tinidazole 2 g orally 
once daily for 2 days or tinidazole 1 g orally once daily for 5 days or 
clindamycin 300 mg orally twice daily for 7 days or clindamycin ovules 
100 mg intravaginally 1 at bedtime for 3 days. The patient should be 
advised to avoid alcohol until 24 hours after completion of therapy with 
metronidazole or 72 hours after treatment with tinidazole.

aCenters for Disease Control and Prevention. Sexually transmitted diseases treatment guidelines. MMWR Recomm Rep. 2010;59(RR-12):1–110.
bMust have 3 of these 4 criteria to make diagnosis.
Data from Amsel R, et al. Am J Med. 1983;74:14; Brunham RC, et al. N Engl J Med. 1984;311:1; Rein MF, Chapel TA. Clin Obstet Gynecol. 1975;18:73; and Sobel J. N Engl J Med. 
1997;337:1896.
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 PUBERTAL AND POSTPUBERTAL ADOLESCENTS
With the onset of puberty, circulating estrogen and progesterone levels rise, stimulat-
ing vaginal mucus production and an increase in the turnover of vaginal epithelial cells. 
Bartholin and sebaceous glands are also stimulated. Generally, the clear mucoid discharge 
that results will not cause problems. Th e amount of secretion, however, can increase with 
sexual excitement, as well as midway through a normal menstrual cycle. Discharge is par-
ticularly prominent at the onset of puberty (physiologic leukorrhea). Examination of a 
wet preparation will reveal vaginal epithelial cells only. Th e high protein content of this 
discharge, absorbed onto underwear, causes yellow staining. Traditionally, occlusive nylon 
or rayon underpants have been alleged to cause a nonspecifi c vaginal discharge; however, 
that association may be spurious.

A wide variety of organisms are normally found in the vagina. Th ese organisms, especially 
the lactobacilli, help maintain the normal acidic pH of the vagina, which resists infection. 
Some of the organisms that cause vaginitis and vaginal discharge in this age group are sexu-
ally transmitted or associated with sexual activity.5 Because many teenagers fear admitting 
to sexual intercourse, a negative response to queries about sexual activity should not rule 
out consideration of a sexually transmitted organism as the cause of the discharge. Sexual 
abuse and the presence of a foreign body (eg, a retained tampon or condom) should also be 
considered. If a sexually transmitted organism has caused the discharge, then the patient’s 
sexual partner should be notifi ed and treated. Patients should refrain from sexual intercourse 
until they complete treatment. Otherwise, reinfection from the partner may occur. Use of 
spermicides or douching can cause vaginitis.6

Th e organisms and conditions commonly responsible for vaginal infections or vaginal 
discharge in pubertal young women and their treatments are listed in Table 82-1. Although 
the characteristics of each type of infection are said to be typical, the discharge observed 
on examination does not always fi t these classic presentations.7,8 Th e laboratory methods 
outlined in Table 82-1 therefore are of considerable diagnostic utility. However, they are 
not 100% sensitive. T vaginalis may not be noted during microscopic examination even 
if the vaginal fl uid is examined immediately under the microscope to avoid drying of the 
organisms. Th e vaginal wet preparation is 64% to 80% sensitive at identifying trichomonads 
compared with culture, depending on the presence of symptoms and the experience of the 
microscopist. Culture is the most sensitive and specifi c commercially available method 
of diagnosis for T vaginalis. Other, newer tests such as direct fl uorescent antibody, poly-
merase chain reaction, and enzyme immunoassay have higher detection rates but are not 
yet commonly used in clinical practice.7,9 Papanicolaou tests also detect the presence of 
trichomonas, but the sensitivity is less than that of the wet preparation, and false positives 
can occur.7,9 Although the Centers for Disease Control and Prevention consider a Gram 
stain the gold standard for the diagnosis of bacterial vaginosis, it is not widely used in 
clinical practice. In the absence of a Gram stain, 3 of 4 clinical criteria should be met 
to make the diagnosis: (1) homogeneous, thin white discharge evenly coating the 
vaginal walls; (2) clue cells on microscopic examination; (3) vaginal fl uid pH higher than 
4.5; (4) positive “whiff  test”—a fi shy odor to the vaginal discharge before or after the 
addition of 10% KOH. A DNA probe-based test, as well as a card test to detect increased 
pH and trimethylamine and proline-aminopeptidase, may also be useful in the diagnosis 
of bacterial vaginosis, but they are not widely used.
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Th e role of N gonorrhoeae and C trachomatis in causing vaginal discharge has been reas-
sessed recently. Th e presence of yellow vaginal discharge on speculum examination has been 
associated with infection by either organism; in contrast, neither profuse vaginal discharge 
nor a foul or fi shy odor predicted infection with either. Nonetheless, because sexually trans-
mitted infections often co-occur, appropriate screening tests for N gonorrhoeae and C tra-
chomatis should be part of the evaluation of vaginitis if T vaginalis is found or if the patient 
reports a new sexual partner.

Bacterial vaginosis is a complex syndrome characterized by decreased lactobacilli and 
increased concentrations of several anaerobic microorganisms. Th e pathogenesis of this 
disorder continues to be poorly understood.7,9 Bacterial vaginosis is associated with having 
multiple sex partners, douching, smoking, and the presence of sexually transmitted infec-
tions.8 However, because it sometimes occurs in women who have never had sexual contact, 
bacterial vaginosis is not considered a sexually transmitted infection. Current evidence indi-
cates that women who have bacterial vaginosis are at increased risk for developing pelvic 
infl ammatory disease after instrumentation of the genital tract and, if pregnant, are more 
likely to deliver a premature infant or experience postpartum complications. Th erefore, 
prompt treatment is essential. Treatment of sexual partners is not currently recommended 
because it does not aff ect the disease process.7

Occasionally, herpesvirus infections of the vulvovaginal area or cervix (or both) are 
associated with vaginal discharge. Typically, pain or a burning sensation is felt in the 
genital area. Th e vulva is reddened, and groups of small vesicles are noted on the vulva, 
in the vagina, or on the cervix. If the vesicles have ruptured, then the examiner sees only 
small ulcerations. Inguinal adenopathy, fever, and malaise are usually present if this attack 
is the fi rst one.

A teenager who has a persistent discharge that is unresponsive to therapy may not be 
complying with treatment or may have become reinfected by an untreated partner. If such 
is not the case, and if N gonorrhoeae, C trachomatis, and T vaginalis are excluded, and the 
discharge does not appear to fi t any of the causes described earlier, then a trial of sitz baths, 
use of cotton as opposed to nylon underwear, and careful attention to perineal hygiene are 
warranted. If symptoms persist, then the patient should be referred to an adolescent medicine 
specialist or a gynecologist.

Candidal infections can be especially diffi  cult to treat and may recur. Factors that 
predispose to candidiasis include oral contraceptive use, broad-spectrum antibiotic 
use, and diabetes mellitus.8 In cases of recurrent vulvovaginal candidiasis, either topical 
therapy for 7 to 14 days or oral fl uconazole 150 mg repeated 72 hours after the fi rst dose 
is recommended as initial treatment. If more intensive treatment is warranted, a recent 
study of adult women with recurrent vulvovaginal candidiasis demonstrated signifi cant 
reduction of symptoms among those treated with oral fl uconazole 150 mg once weekly 
for 6 months after initial treatment of 1 dose every 3 days for 3 doses.10,11 A variety of 
monthlong antifungal treatments have been successful; however, intravaginal treatment 
over a long period is inconvenient for most patients. Although long-term ketoconazole 
has been used to suppress recurrent infection, hepatotoxicity is a concern. Male sexual 
partners should also be treated if they have any signs or symptoms of penile candidal 
involvement.
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When to Refer

• Physician is uncomfortable with evaluating genital complaints in prepubertal girls
• Physician lacks experience in performing pelvic examinations
• Evaluation yields evidence of sexual abuse
• Discharge persists despite seemingly appropriate therapy

TOOLS FOR PRACTICE

Engaging Patient and Family
• Center for Young Women’s Health (Web page), Boston Children’s Hospital (www.

youngwomenshealth.org)
• Info for Teens (Web page), Planned Parenthood (www.plannedparenthood.org/info-

for-teens)
• Th e Pelvic Exam (handout), American Academy of Pediatrics (patiented.solutions.aap.org)

AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Infectious Diseases and Committee on Fetus and Newborn. 
Recommendations for the prevention of perinatal group B streptococcal (GBS) disease. 2011;128:611–616 
(pediatrics.aappublications.org/content/128/3/611)

Kellog N; American Academy of Pediatrics Committee on Child Abuse and Neglect. Th e evaluation of sexual 
abuse in children. Pediatrics. 2005;116(2):506–512 (pediatrics.aappublications.org/content/116/2/506)
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Chapter 83

Vomiting
Martin H. Ulshen, MD; Nancy McGreal, MD

Vomiting, a common symptom of acute and chronic illness in childhood, is an active process 
requiring coordination between autonomic and somatic nervous systems.1,2 It must be distin-
guished from regurgitation, which is passive refl ux of gastric contents into the esophagus and 
mouth through a relaxed lower esophageal sphincter. Vomiting is usually preceded by nausea in 
association with increased salivation, pallor, and diaphoresis. Retching (coordinated contrac-
tion of abdominal and intercostal muscles, as well as the diaphragm, with simultaneous closure 
of the glottis) immediately precedes the actual vomiting. Refl ux of duodenal contents into 
the stomach, resulting from nonperistaltic contractions of the small bowel, is associated with 
elevation and relaxation of the proximal stomach and inhibition of antral motility. Increased 
intragastric pressure from contraction of the abdominal wall musculature and lowering of 
the diaphragm then result in expulsion of stomach contents. Brainstem signals transmitted 
to a cerebral site, not yet identifi ed, result in the conscious sensation of nausea. Psychogenic 
causes of nausea (eg, anticipatory nausea) presumably occur directly at a cerebral site.

Five classes of stimuli provoke nausea and vomiting2: (1) toxic substances within the 
lumen of the gastrointestinal tract, which initiate release of mediators by enteroendocrine 
cells (including 5-hydroxytryptamine, substance P, and cholecystokinin [CCK]); (2) absorbed 
or parenterally administered toxins, which act directly on the area postrema (also referred 
to as the chemoreceptor trigger zone—a major lower brainstem center for coordination of 
drug-induced vomiting); (3) pathologic processes in viscera (eg, gastrointestinal dilation or 
infl ammation, renal failure); (4) central nervous system (CNS) stimuli (eg, fear, anticipatory 
nausea, raised intracranial pressure); and (5) vestibular stimuli (eg, motion sickness) that 
result in nausea and vomiting by way of the autonomic nervous system. Motor outputs of 
retching and vomiting are coordinated by brainstem nuclei (known in the past as the “vomit-
ing center”). Vomiting provoked by CNS stimuli may occur with little or no prodrome of 
retching or nausea.

Understanding the role of neurotransmitters as mediators in the initiation of vomiting 
has led to a range of new antiemetics.3 Th e area postrema, as well as autonomic pathways 
and other brainstem nuclei, is rich in enkephalins, 5-hydroxytryptamine type 3 (5-HT3) 
receptors, dopamine receptors, and neurokinin-1 (NK1) receptors. Enkephalins and 5-HT 
both stimulate release of dopamine. Dopamine receptor, 5-HT3, and NK1 antagonists 
have been successful in the treatment of chemotherapy-induced nausea and vomiting. 
Antihistamines and anticholinergics prevent motion sickness by acting at histamine (H1) 
and muscarinic cholinergic receptors, respectively, in the nucleus ambiguus in the lower 
brainstem and in the lateral vestibular nucleus in the midpons.4
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 CAUSES AND DIFFERENTIAL DIAGNOSIS
Box 83-1 lists the most frequent causes of vomiting in infants and children. In infancy, 
regurgitation, or spitting up, is very common and most often a developmental event that has 
no sequelae and gradually resolves. Pathologic gastroesophageal refl ux (ie, gastroesophageal 
refl ux disease) is defi ned by the association of regurgitation with complications, including 
esophagitis (sometimes with anemia or stricture), recurrent apnea, aspiration pneumonia, 
or failure to thrive.5 Bilious vomiting, especially when associated with the fi rst vomitus, 
usually occurs only with ileus or intestinal tract obstruction below the ampulla of Vater 
(second portion of the duodenum). In newborns, bilious vomiting can be associated with 
necrotizing enterocolitis. In older children who vomit persistently, refl ux of bile from the 
duodenum into the stomach may lead to bilious vomiting without gastrointestinal tract 
obstruction. Projectile vomiting commonly occurs with pyloric stenosis. When this condition 
persists, however, gastric atony may eliminate the projectile character. A succussion splash 
(the splashing sound present when a patient who has fl uid in a hollow organ is gently shaken 
on physical examination) may be present, as in other causes of gastric outlet obstruction. 
Vomiting associated with increased intracranial pressure may be projectile and may take 
place in the absence of nausea or retching.

Persistent vomiting in a newborn or young infant who has no evidence of infection 
usually suggests a congenital gastrointestinal anomaly, inborn error of metabolism, or CNS 
abnormality such as hydrocephalus or subdural eff usion. If the history and physical exami-
nation results do not suggest a cause, then evaluating all 3 possibilities simultaneously is 
best. When the sudden onset of bilious vomiting develops in a previously well newborn, 
especially within the fi rst few days of life, the physician must consider a malrotation with 
secondary midgut volvulus. Midgut volvulus is a surgical emergency requiring early diagnosis 
and surgical intervention. In a sick newborn, the diagnosis of necrotizing enterocolitis must 
be considered in the event of bilious vomiting, especially with blood in the stool. Beyond 
the fi rst week of life but within the fi rst 2 months, pyloric stenosis is the most common 
cause of persistent vomiting in an otherwise well infant. In the older infant or child, the 
entire spectrum of causes of vomiting listed in Box 83-1 should be considered. Patients who 
have celiac disease may occasionally have minimal or no diarrhea but prominent vomiting. 
When an older child exhibits acute vomiting and somnolence, the physician should always 
consider drug overdose (especially acetaminophen, aspirin, or iron), meningoencephalitis, 
and inborn errors of metabolism (especially mitochondrial fatty acid oxidation) in the diff er-
ential diagnosis. Persistent or recurrent vomiting without other symptoms may be the major 
manifestation of an emotional disorder in childhood. Th erefore, a complete psychosocial 
history is an important part of the evaluation.

Cyclic vomiting is characterized by repeated episodes of intense nausea and vomiting 
with at least 3 attacks over a 6-month period or 5 attacks in any interval. Episodes last 
1 hour to 10 days and are separated by at least a week. In an individual, the attacks are very 
stereotypic.6 Uncontrollable vomiting and retching (at least 4 times in an hour for at least 
1 hour) are typical of an attack; but between episodes, children act well. Approximately 10% 
of these children have an identifi able gastrointestinal or extraintestinal (eg, renal, metabolic, 
or neurologic) disorder as the probable cause.

Abdominal migraine is a common cause of cyclic vomiting and is characterized by the 
paroxysmal onset of repetitious attacks often relieved with sleep.7 A strong family history of 
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BOX 83-1

Causes of Vomiting (Arranged by Usual Age 
of Earliest Occurrence)
INFANCY/EARLY CHILDHOOD
Gastrointestinal
Congenital
• Regurgitation—gastroesophageal refl ux

(developmental or pathologic)
• Atresia—stenosis (tracheoesophageal fi stula,

antral web, intestinal atresia, annular
pancreas)

• Gastrointestinal tract duplication
• Volvulus (secondary to an error in rotation

and fi xation or to Meckel diverticulum)
• Congenital bands
• Meconium ileus (cystic fi brosis), meconium

plug
• Hirschsprung disease
Acquired
• Acute infectious gastroenteritis
• Food allergy, cow milk protein intolerance,

eosinophilic gastroenteritis
• Eosinophilic esophagitis
• Pyloric stenosis
• Intussusception
• Celiac disease—risk is inherited, but clinical

manifestations occur only after introduction
of gluten in diet

• Incarcerated hernia—inguinal, internal
secondary to old adhesions

• Postviral gastroparesisa

• Adynamic ileus—the mediator for many
nongastrointestinal causes of vomiting

• Neonatal necrotizing enterocolitis
• Chronic granulomatous disease with

gastric outlet obstruction

Nongastrointestinal

• Infectious—otitis, urinary tract infection,
pneumonia, upper respiratory tract infection,
sepsis, meningitis

• Metabolic—aminoaciduria and organic
aciduria, galactosemia, fructosemia, adreno-
genital syndrome, renal tubular acidosis,
hyperammonemia, disorders of fatty
acid oxidation (eg, medium-chain

acyl-coenzyme A dehydrogenase 
defi ciency), mitochondrial disease

• Central nervous system—trauma, tumor,
infection, increased intracranial pressure,
ventriculoperitoneal shunt failure, dience-
phalic syndrome, rumination, autonomic
responses (pain, shock), anticipatory nausea
and vomiting

CHILDHOOD/ADOLESCENCE
Gastrointestinal

• Appendicitis
• Food poisoning (staphylococcal, clostridial)
• Peptic disease—ulcer, gastritis, duodenitis,

Helicobacter pylori infection
• Trauma—duodenal hematoma, traumatic

pancreatitis, perforated bowel
• Pancreatitis—viral, trauma, drug induced,

cystic fi brosis, hyperparathyroidism, hyper-
lipidemia, organic acidemias, hereditary
pancreatitis, cystic fi brosis gene mutation

• Gallbladder—cholelithiasis, choledochal cyst
• Crohn disease
• Adhesions—congenital or secondary to

previous abdominal surgery
• Visceral neuropathy or myopathy
• Superior mesenteric artery syndromeb

Nongastrointestinal

• Medications—anticholinergics, alcohol,
idiosyncratic reaction (eg, codeine),
chemotherapy, radiation therapy, overdose
(especially aspirin or acetaminophen)

• Central nervous system—cyclic vomiting,
migraine, anorexia nervosa, bulimia
nervosa

• Motion sickness
• Metabolic—diabetic ketoacidosis, acute

intermittent porphyria
• Pregnancy

aSigurdsson L, Flores A, Putnam PE, et al. Postviral gastroparesis: presentation, treatment, and outcome. J Pediatr. 
1997;131(5):751–754.
bBiank V, Werlin S. Superior mesenteric artery syndrome in children: a 20-year experience. J Pediatr Gastroenterol Nutr. 
2006;42:522.
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migraine is common. Headache typical of migraine may rarely occur with episodes; abdomi-
nal pain is not unusual. Cyproheptadine, amitriptyline, topiramate, and propranolol are 
highly eff ective as prophylactic treatment for abdominal migraine; treatment success helps 
confi rm the diagnosis. Abdominal epilepsy is a much less common cause of cyclic vomiting. 
A complete history of the sequence of events and electroencephalographic evaluation are 
useful in the evaluation, and anticonvulsants can be tried when this condition is suspected.

 EVALUATION
Patient history is often the most helpful in narrowing the wide range of potential causes of 
vomiting. Evaluation of the gastrointestinal tract usually includes an upper gastrointestinal 
contrast roentgenographic study. However, in an infant with persistent vomiting between 
2 and 12 weeks of age, the fi rst study is often an ultrasound of the abdomen for pyloric 
stenosis. Food allergy is in the diff erential diagnosis for gastroesophageal refl ux in infants; 
therefore, with intractable refl ux symptoms, it is reasonable to undertake a 2-week feeding 
trial with hypoallergenic formula. In the older infant or child with intractable refl ux symp-
toms, eosinophilic esophagitis should be a consideration and requires endoscopic evaluation 
of the esophagus. Endoscopy is feasible in all children, even newborns, if performed by an 
experienced examiner using an appropriately sized instrument. Esophageal pH monitoring 
and impedance monitoring, esophageal biopsies, and gastroesophageal scintiscan are all 
useful in establishing a diagnosis of gastroesophageal refl ux. Endoscopically placed wireless 
esophageal pH capsule monitoring can be performed in children older than 2 to 3 years 
and is generally well tolerated. 

If brain tumor is a consideration, magnetic resonance imaging is more sensitive than a 
computed tomography scan of the head. Further workup for metabolic or neurologic disease 
should be considered, as appropriate. With persistent vomiting, the physician should expect 
to see a metabolic alkalosis; metabolic acidosis raises concerns about an underlying metabolic 
disorder or drug intoxication. Metabolic workup often includes a urine test for organic 
acids and amino acids, urinalysis for ketones as well as serum glucose, blood urea nitrogen, 
electrolytes, lactate, ammonia, and total carnitine and acylcarnitine levels. In a postpubertal 
girl, pregnancy must always be considered in the diff erential diagnosis of vomiting.

When a midgut volvulus is suspected in a newborn or older child, a plain radiograph 
of the abdomen may show a paucity of gas distal to the upper small intestine; however, 
the radiograph may not be helpful. An upper gastrointestinal contrast radiographic study 
should be done at once, with the controlled introduction of barium through a nasogastric 
tube after gastric aspiration. A barium enema investigation of cecal position is a less reliable 
study when evaluating a patient for malrotation because of the lack of complete correlation 
of developmental rotation of the cecum with that of the duodenum.

 COMPLICATIONS
Th e most signifi cant complications of vomiting include dehydration and electrolyte imbal-
ance, especially when the vomiting is persistent, as well as aspiration pneumonia, hemorrhage 
from prolapse gastropathy (a hemorrhagic area on the posterior wall of the proximal stom-
ach), or, less commonly, a tear at the gastroesophageal junction (Mallory-Weiss syndrome) 
and rupture of the esophagus (very uncommon in children). Feeding refusal may follow 
persistent vomiting, especially in infants.8
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 TREATMENT
Acute intercurrent vomiting without serious underlying disease or signifi cant dehydration 
should be treated by administering clear liquids by mouth (eg, in acute gastroenteritis or 
otitis media). Th e usually advisable course is to start with a period of 4 to 6 hours without 
oral intake and then begin with frequent small quantities of clear liquids (1 teaspoonful 
every few minutes for infants) and gradually increase the volume and extension of the 
period between oral fl uids. If vomiting is associated with diarrhea and dehydration, then 
oral rehydration solution is indicated. Carbonated beverages may increase vomiting. Fluids 
of high osmolality, long-chain triglycerides, and anticholinergic drugs all tend to slow gastric 
emptying and should be avoided.

Th e drugs used most commonly, when necessary, for symptomatic improvement of acute 
or persistent vomiting are ondansetron and promethazine. If emesis interferes with admin-
istration, ondansetron is available as an oral disintegrating tablet and promethazine as a 
suppository. Ondansetron is generally preferred because of fewer side eff ects. When indi-
cated, ondansetron has been used in children older than 6 months for vomiting associated 
with gastroenteritis, reducing the frequency of emesis and need for intravenous hydration.9

For chemotherapy-induced vomiting, 5-HT3 receptor antagonists (especially ondanse-
tron and granisetron) have been eff ective. Dexamethasone and NK1 receptor antagonists 
(aprepitant) can be added when necessary.2,3 Metoclopramide is added occasionally, but less 
frequently than in the past. Unfortunately, these treatments are not as eff ective in control-
ling nausea as vomiting.

H1 receptor antagonists (including diphenhydramine, dimenhydrinate, meclizine, and 
promethazine) and muscarinic cholinergic receptor antagonists (eg, scopolamine) prevent 
motion sickness.4 Low-dose erythromycin or metoclopramide has been used to treat poor 
gastric emptying when there is not a mechanical obstruction (eg, postviral gastroparesis).

Patients should be monitored for signs of dehydration. For persistent vomiting with feed-
ing, a nasoduodenal infusion may be useful. Signifi cant vomiting that requires intravenous 
fl uid therapy is usually associated with hypochloremic alkalosis with secondary hypokalemia. 
Intravenous fl uids should repair the defi cits.

Management of gastroesophageal refl ux must be individualized.5 Th e extent of treat-
ment necessary depends on the volume of emesis and the presence of complications of 
refl ux. Medical management for infants includes thickening feedings with cereal (a standard 
concentration is 1 tablespoonful of cereal for each 1 to 2 ounces of formula) or the use of 
commercial antiregurgitant formula, which can reduce the amount of overt emesis but not 
refl ux into the esophagus. Although prone positioning of young infants reduces refl ux, this 
should only be done when the infant is observed and awake because the risk for sudden 
infant death syndrome is increased in this position. Prone positioning may be useful after 
1 year of age. Left lateral decubitus positioning is discouraged for sleeping infants as well 
because these infants may become prone during sleep. Elevating the head of the bed remains 
standard therapy for older children and adults. Older children may benefi t from avoiding 
snacks or liquids after dinner and agents that exacerbate esophagitis (alcohol, caff eine, and 
smoking). Medications are commonly used to decrease exposure of the esophageal mucosa to 
acid (antacids, H1 receptor blockers, or proton pump inhibitors). Attempts to improve lower 
esophageal function and gastric emptying (eg, metoclopramide) have been less successful 
because of unacceptable medication side eff ects. Baclofen has been suggested as an agent 
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to reduce the frequency of inappropriate relaxations of the lower esophageal sphincter, but 
there is still limited experience in children. A slurry of sucralfate (a cytoprotective agent) is 
used occasionally for management of acid damage to the esophagus. When a child has severe 
gastroesophageal refl ux, medical management may be unsatisfactory. In this case, antirefl ux 
surgery (fundoplication) should be considered. In this group of children, the results of sur-
gery are generally good when performed by an experienced surgeon, and the benefi ts can 
be long lasting. In children who have psychomotor retardation and gastroesophageal refl ux, 
antirefl ux surgery may not eliminate respiratory symptoms because other factors, such as 
swallowing dysfunction, may contribute to these fi ndings. Among children undergoing a 
Nissen fundoplication, the risk for postoperative complication may be in the range of 10% 
to 30% and underscores the need for careful patient selection for this operation.

When to Refer

• Persistent vomiting
• Recurrent episodes of vomiting
• Vomiting associated with a signifi cant underlying process (eg, surgical abdomen, 

neurologic problem)

When to Admit

• Intractable vomiting with dehydration
• Vomiting in association with symptoms or signs of an acute abdominal process (eg, acute 

appendicitis, pancreatitis, cholecystitis)
• Vomiting in association with symptoms or signs of raised intracranial pressure

TOOLS FOR PRACTICE

Engaging Patient and Family
• Caring for Your Baby and Young Child: Birth to Age 5 (book), American Academy of 

Pediatrics (shop.aap.org)
• Vomiting (Web page), American Academy of Pediatrics (www.healthychildren.org/

English/tips-tools/Symptom-Checker/Pages/Vomiting.aspx)

Medical Decision Support
• Pediatric Gastroesophageal Refl ux Clinical Practice Guidelines: Joint Recommendations 

of the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition 
(NASPGHAN) and the European Society for Pediatric Gastroenterology, Hepatology, and 
Nutrition (ESPGHAN) (article), Journal of Pediatric Gastroenterology and Nutrition, 
Vol 49, Issue 4, 2009

AAP POLICY STATEMENT

Lightdale JR, Gremse DA; American Academy of Pediatrics Section on Gastroenterology, Hepatology, and 
Nutrition. Gastroesophageal refl ux: management guidance for the pediatrician. Pediatrics. 2013;131(5): 
e1684–e1695 (pediatrics.aappublications.org/content/131/5/e1684.full)

http://www.healthychildren.org/English/tips-tools/Symptom-Checker/Pages/Vomiting.aspx
http://www.healthychildren.org/English/tips-tools/Symptom-Checker/Pages/Vomiting.aspx
http://shop.aap.org/
pediatrics.aappublications.org/content/131/5/e1684.full
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Chapter 84

Weight Loss
Diane E. Bloomfi eld, MD; Elaine A. Dinolfo, MD, MS

Weight loss in an infant, child, or adolescent is an uncommon but highly signifi cant event. 
As the chief complaint or as an incidental fi nding, weight loss should be evaluated and 
followed up carefully by serial measurements and documentation on standardized growth 
charts. Revised growth charts from the Centers for Disease Control and Prevention released 
in January 2002 represent a broad cross-section of children in the United States. Th e charts 
are based on 5 large national samples that included breastfed and formula-fed infants, ado-
lescents to the 20th birthday, and a racially and ethnically diverse population. With emphasis 
on growth parameters and body mass index, the charts include both 3rd and 97th percentile 
curves, which may be valuable in assessing weight loss.1,2 Th e defi nition of signifi cant weight 
loss varies by the child’s age and includes acute and chronic causes.

Subjective impressions of weight loss should be verifi ed objectively before an evaluation is 
undertaken. True weight loss, however, may sometimes be diffi  cult to diff erentiate from facti-
tious weight loss, even when weights are documented in the medical record. Errors in weighing 
children occur at frequencies ranging from 5% to 20% of all children weighed, most commonly 
from faulty equipment or poor technique, such as weighing with the child’s clothes on.

 NEWBORNS AND YOUNG INFANTS
Th e full-term healthy newborn may lose 5% to 10% of birth weight in the fi rst few days but 
should regain this weight by day 10 of life.3 A loss of more than 10% to 12% of birth weight 
is uncommon and should be investigated. Th e assessment should include overall health of 
the infant, adequacy of oral intake, and calculation of fl uid losses from vomitus, urine, or 
stool. In general, an infant should gain 25 to 30 g each day in the fi rst 3 months of life.

Th e most common reason for the breastfed infant to lose more weight than expected 
or to fail to regain the lost weight by 10 days of age is inadequate intake at the breast. Th e 
parental perception that the mother’s milk supply is insuffi  cient or less nutritious than for-
mula should not be reinforced. Inadequate weight gain occurs because of infrequent or short 
feedings, failure of the let-down refl ex, or improper positioning of the infant for an eff ective 
suck.4 Th e infant may appear well or may have signs of signifi cant dehydration. Mothers may 
report that the infant has less than 6 urinations a day and few bowel movements. Lack of 
bowel movements in the breastfed newborn is a key indicator of inadequate caloric intake.5

Th e breastfeeding mother should be observed nursing, if possible, and specifi c evidence 
of a let-down refl ex should be sought, including uterine cramps, milk dripping or spraying 
from the opposite breast, and a pins-and-needles sensation in the breast at the beginning 
of each nursing. Th e infant should be observed latching onto the breast correctly, and loud 
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swallowing or occasional choking may be noted at the beginning of the feeding. Th e mother’s 
motivation to breastfeed and her positive or negative feelings about the experience should 
be discussed. Encouragement and support should be given for continuation of nursing, 
including specifi c suggestions for maternal rest, nutrition, and nursing frequency (every 
2–3 hours in the day) to build up the milk supply. Formula or other fl uids should not be 
recommended unless serious concerns exist about the infant’s well-being. Recommending 
discontinuing breastfeeding prematurely is inappropriate for the physician. An appropriate 
weight gain in the following few days provides evidence that the infant is well and confi rms 
the diagnosis of initial underfeeding. Infants who fail to thrive while breastfeeding require 
more intensive nutritional rehabilitation while still preserving breastfeeding.

Th e formula-fed newborn rarely loses more than 5% of birth weight in the fi rst few days, 
inasmuch as complete nutrition is available beginning a few hours after birth.6 Weighing 
less than birth weight at the age of 10 days is unusual for a formula-fed infant, and such 
an infant should be evaluated thoroughly. An error in feeding caused by maternal inexperi-
ence is the usual explanation, with poor caloric intake most often from either inadequate 
feedings or faulty preparation of formula. If such is not the case, then a thorough search 
for an organic problem and an evaluation of family dynamics, support mechanisms, and 
adjustment to the newborn are indicated. In rare instances, a newborn will lose weight as 
a result of inadequate intake for other reasons, such as infection, congenital heart disease, 
inborn error of metabolism, somnolence from maternal medications or substance abuse, or 
poor suck resulting from a craniofacial or central nervous system (CNS) abnormality. Weight 
loss can also result from excessive fl uid loss, such as vomiting associated with congenital 
gastrointestinal malformations (duodenal atresia, annular pancreas, volvulus), or from diar-
rhea or polyuria (diabetes insipidus, renal disease) (Box 84-1).

 OLDER INFANTS, PRESCHOOLERS, 
AND SCHOOL-AGED CHILDREN

Th e most common reason for weight loss in older infants and toddlers is fl uid loss as a result of 
fever, vomiting, and diarrhea. Th e loss of weight typically amounts to less than 10% of premorbid 
body weight and is usually reversed after a few hours of oral or intravenous fl uid replacement.

Infants who lose more than 10% of their body weight from excessive vomiting require 
further investigation for pyloric stenosis and malrotation as well as for tumors of the CNS, 
which may cause vomiting, anorexia, and cachexia.

Weight loss may also accompany any severe febrile illness, such as pneumonia, pyelo-
nephritis, septic arthritis, osteomyelitis, or meningitis, as well as less severe illnesses, such 
as stomatitis and pharyngitis. Resolution of the infection is often followed by a period of 
catch-up growth and weight gain.

Ineffi  cient use of caloric intake can also result in weight loss. Cystic fi brosis, the most 
common disease in which malabsorption occurs in childhood, may appear in infancy as poor 
weight gain or actual weight loss. Intestinal disorders such as celiac disease, Hirschsprung 
disease, infl ammatory bowel disease, and other causes of malabsorption will also lead to 
weight loss or poor weight gain.

Weight loss from chronic diarrhea may be caused by a variety of infectious diseases, 
including HIV infection. A diagnosis of tuberculosis should also be considered in every child 
who has lost weight.
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BOX 84-1

Diff erential Diagnosis of Weight Loss by Age Group
NEWBORNS AND YOUNG INFANTS

• Diffi  culties in establishing breastfeeding
• Inappropriate dilution or choice of formula
• Inadequate intake
• Infection
• Metabolic abnormality
• Craniofacial abnormalities
• CNS dysfunction
• Somnolence from maternal medications/

substance abuse
• Congenital heart disease
• Maternal depression/inexperience/lack of 

knowledge
• Excessive losses secondary to vomiting 

or diarrhea
• Vomiting because of gastrointestinal 

malformations (duodenal atresia, others)
• Polyuria (diabetes insipidus, renal disease)
• Diarrhea

OLDER INFANTS, PRESCHOOLERS, 
AND SCHOOL-AGED CHILDREN

• Pyloric stenosis
• Gastroesophageal refl ux
• CNS tumors
• Vomiting
• Diarrhea
• Fever and infection
• Diabetes mellitus
• Excessive activity
• Inadequate intake

• Fever and infection
• Tuberculosis
• Surgery
• Medication eff ect (loss of appetite)
• Malignancy
• Congenital heart disease
• Malabsorption syndromes
• Infl ammatory bowel disease
• Immunodefi ciency disorders, especially 

HIV infection
• Psychosocial dysfunction
• Poverty
• Neglect; nonorganic failure to thrive
• Parental depression
• Childhood depression
• Rumination
• Childhood eating disorder

ADOLESCENTS

• Dieting behavior
• Adolescent eating disorders
• Anorexia nervosa
• Bulimia nervosa
• Other eating disorders
• Psychiatric aff ective disorders, 

especially depression
• Malignancy
• Infl ammatory bowel disease
• Diabetes mellitus
• Hyperthyroidism
• Tuberculosis 

CNS, central nervous system; HIV, human immunodefi ciency virus. 

Children with new-onset insulin-dependent diabetes mellitus commonly lose weight 
(often 10% or more of body weight) despite polyphagia and polydipsia. Hyperthyroidism 
is another endocrine disorder that may lead to weight loss in childhood.

Malignancies, including leukemia, lymphoma, and neuroblastoma, may have weight loss 
as part of their presenting picture or even as their initial symptom.

Poverty remains the greatest single risk factor for failure to thrive in the United States; 
however, other psychosocial factors (poor parent-child interaction, depression, rumination) 
often underlie an infant’s or a child’s poor growth and development.7 Actual weight loss is 
much less common in this setting than a slowdown or cessation of weight gain and linear 
growth. Psychosocial dysfunction that results in a child’s weight loss requires a prompt and 
thorough evaluation. Eating disorders have been described in prepubertal children as young 
as 7 years.8 In addition, as reported by the Agency for Health Care Research and Quality, 
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the largest increase in the rate of hospitalizations for eating disorders occurred in children 
younger than 12 years.9

 ADOLESCENTS
Monitoring the adolescent growth curve, including body mass index, is crucial to the recog-
nition of weight loss and should be a part of every encounter. Th e prevalence of obesity in 
children and adolescents has increased in the past decade, leading to an unhealthy emphasis 
on dieting and weight loss among children and adolescents.10 Planned dieting must be dis-
tinguished from an eating disorder such as anorexia nervosa or bulimia nervosa. Th e 2010 
American Academy of Pediatrics policy statement regarding the identifi cation and manage-
ment of eating disorders estimates that 0.5% of female adolescents have anorexia nervosa, 
that 1% to 2% meet criteria for bulimia nervosa, and that up to 5% to 10% of all cases of 
eating disorders occur in boys. Th e American Psychiatric Association acknowledges that a large 
number of patients do not meet the strict diagnostic criteria for anorexia nervosa and bulimia 
nervosa; in the 2013 revision of the Diagnostic and Statistical Manual of Mental Disorders, these 
individuals are labeled OSFED (Other Specifi ed Feeding or Eating Disorder). Th e prevalence 
of this diagnosis is estimated to be between 0.8% and 14%; these adolescents remain at risk 
for both physical and psychological complications from their altered eating habits.

Anorexia nervosa should be suspected when the adolescent is unwilling or unable to 
maintain body weight over a minimally normal weight for age and height and when attitudes 
and behaviors about eating or body image are distorted.11 Th e anorectic female adolescent 
may experience amenorrhea associated with emaciation and overactivity. Th e patient may 
demonstrate clinical signs of malnutrition such as hypothyroidism, bradycardia, hypother-
mia, and growth of lanugo-like hair on the body and extremities. Nutritional rehabilitation 
and psychiatric treatment are indicated. Adolescents who have bulimia indulge in binge eat-
ing, followed by self-induced vomiting, self-starvation, overactivity, or the use of cathartics 
or diuretics to reduce weight. Th ese behaviors are practiced in secret, and the adolescent 
often denies them. An elevated serum bicarbonate level, hypokalemia, or high urine pH may 
provide evidence of chronic vomiting. Th e patient is often depressed and self-deprecating 
and may seek medical aid when the eating-vomiting pattern becomes compulsive and out 
of the patient’s control. Psychiatric evaluation and intervention are indicated.

Young adults who participate in sports may follow unhealthy weight-control practices to 
seek advantage in their athletic activities, including food restriction, vomiting, overexercise, 
diet pills, stimulants, insulin, nicotine, and voluntary dehydration.12 For adolescents who par-
ticipate in sports in which weight loss is a goal (eg, wrestling, gymnastics, ice skating, running, 
swimming, diving, dancing), a thorough dietary and supplement history should be elicited.

Although signifi cant weight loss during adolescence can often be ascribed to eating 
disorders, other diagnoses must be considered. Th ese conditions include psychiatric dis-
turbances (especially aff ective disorders), CNS tumors (particularly those of the hypo-
thalamus, sella turcica, or other midline areas), malignancies (especially lymphoma), or 
gastrointestinal problems such as infl ammatory bowel disease or other malabsorption 
syndromes. Systemic disorders such as diabetes mellitus, hyperthyroidism, autoimmune 
disease, and renal disease may cause signifi cant weight loss in adolescents. Infectious 
diseases such as HIV infection and tuberculosis should be considered when an adolescent 
patient reports weight loss.
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 INITIAL EVALUATION OF A COMPLAINT OF WEIGHT LOSS
Th e following should be included in the initial evaluation (Table 84-1):
1. A complete history and thorough physical examination, with special attention to dietary 

intake, family functioning, and the patient’s emotional well-being. Th e growth chart 
should be reviewed and updated.

2. A complete blood cell count (CBC) and erythrocyte sedimentation rate (ESR). Th e 
CBC screens for oncologic factors and provides an overview of the nutritional state. 
Th e ESR may be elevated in autoimmune diseases, chronic infections, certain malignan-
cies, and infl ammatory bowel disease; it may be abnormally low in anorexia nervosa.

Table 84-1 
Laboratory Studies Helpful in Weight Loss

SUGGESTED STUDIES SUGGESTED DIAGNOSES

Complete blood cell count, smear Anemia
Infection
Nutritional defi ciencies
Malabsorptive syndromes
Malignancy

ESR Autoimmune disease
Infection
Infl ammatory bowel disease
Malignancy
Anorexia nervosa (very low ESR)

Serum electrolytes, kidney function tests Dehydration
Vomiting, self-induced or pernicious
Renal dysfunction
Adrenal disorders
Metabolic disorder (with acidosis)
Autoimmune disease

Serum protein and albumin levels Liver dysfunction
Malignancy
Malnutrition
Protein malabsorption
Protein-losing enteropathy

Tuberculosis skin test Tuberculosis

Stool for occult blood Gastroenteritis
Infl ammatory bowel disease
Enteropathies

Serum carotene; specifi c tests of malabsorption Malabsorption syndromes
Cystic fi brosis
Anorexia nervosa (high carotene)

Urinalysis, including specifi c gravity; urine culture Diabetes mellitus
Diabetes insipidus
Dehydration
Urinary tract infection
Renal disease
Adolescent eating disorder (high pH)

ESR, erythrocyte sedimentation rate.
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3. Serum electrolyte and kidney function tests should be obtained to evaluate for dehydra-
tion, to reveal evidence of pernicious or self-induced vomiting, and to rule out renal or 
adrenal disease.

4. Serum protein and albumin levels to assess liver function, to determine whether the 
weight loss represents malnutrition, and to rule out protein malabsorption. Reversal of 
the albumin-to-globulin ratio is often seen in autoimmune diseases and malignancies. 

5. Tuberculosis skin test.
6. Stool for occult blood and tests of malabsorption to diagnose gastroenteritis, infl amma-

tory bowel disease, and the various causes of malabsorption. Th e serum carotene level 
may be low in infancy and in malabsorptive conditions but is often elevated in anorexia 
nervosa.

7. Urinalysis and urine culture to rule out diabetes mellitus, diabetes insipidus, dehydra-
tion, urinary tract infection, and renal disease. Th e urine pH may be high (�8) in 
adolescents who have eating disorders, particularly when vomiting occurs.

When to Refer

Evidence or suspicion of
• Malignancy
• Endocrinopathy (thyroid, adrenal, pituitary)
• Gastrointestinal disorder (eg, gastroesophageal refl ux; malabsorption, including cystic 

fi brosis; infl ammatory bowel disease)
• Pancreatitis
• Heart disease
• Renal disease
• Pulmonary disease
• Rheumatologic condition
• CNS abnormality
• Metabolic disorder
• Surgical abdominal problem (eg, pyloric stenosis, Hirschsprung disease, volvulus)
• Immunodefi ciency
• Unusual infection
• Psychiatric diagnosis in child or caretaker
• Anorexia nervosa or bulimia nervosa in the child or adolescent

When to Admit

A newborn, when
• Weight loss cannot be managed as outpatient
• Weight loss of more than 12% to 15% of birth weight
• Excessive fl uid loss (vomiting, diarrhea, polyuria)
• Evidence of infant hypernatremic dehydration
• Suspicion of infection, metabolic abnormality, congenital heart disease, other conditions 

requiring evaluation
• Extreme passivity of the infant, which may require tube feeding
• Need for intensive maternal education and support 
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At any age, when
• Weight loss is excessive (more than 5%–10% of previous weight)
• Excessive fl uid loss from vomiting or diarrhea
• New-onset diabetes mellitus (usually)
• Evidence of severe febrile illness (pneumonia, pyelonephritis, osteomyelitis, meningitis,

septic arthritis, others)
• Evidence of dehydration
• Physiologic instability
• Severe bradycardia
• Hypotension
• Hypothermia
• Orthostatic changes
• Electrolyte abnormalities (eg, hypernatremia, hypokalemia)
• Evidence of signifi cant psychosocial dysfunction
An adolescent, when
• Eating disorder cannot be managed as outpatient
• Severe malnutrition, with weight
• Evidence of dehydration or electrolyte abnormalities
• Physiologic instability
• Acute food refusal
• Uncontrollable binge eating and purging
• Acute medical complication of malnutrition (syncope, seizures, cardiac failure, pancreatitis)
• Suicidal intent or ideation, or psychosis

TOOLS FOR PRACTICE

Engaging Patient and Family
• About BMI for Children and Teens (fact sheet), Centers for Disease Control and Prevention 

(www.cdc.gov/nccdphp/dnpa/bmi/childrens_BMI/about_childrens_BMI.htm)
• Eating Disorders (fact sheet), American Academy of Pediatrics (www.healthychildren.org/

English/health-issues/conditions/emotional-problems/Pages/Eating-Disorders.aspx)
• New Mother’s Guide to Breastfeeding, 2nd ed (book), American Academy of Pediatrics

(shop.aap.org)

Medical Decision Support
• BMI–Body Mass Index: Child and Teen Calculator: English (interactive tool), Centers for

Disease Control and Prevention (apps.nccd.cdc.gov/dnpabmi/Calculator.aspx)
• Breastfeeding Handbook for Physicians, 2nd ed (book), American Academy of Pediatrics

(shop.aap.org)
• Eating Behaviors of the Young Child: Prenatal and Postnatal Infl uences for Healthy Eating

(book), Dietz W, Birch L (shop.aap.org)
• Growth Charts–tutorials and information (Web page), Centers for Disease Control and

Prevention (www.cdc.gov/growthcharts)
• Growth Charts (chart), Centers for Disease Control and Prevention (www.cdc.gov/

growthcharts), also available at American Academy of Pediatrics (shop.aap.org)
• Pediatric Nutrition Handbook, 7th ed (book), American Academy of Pediatrics (shop.

aap.org)

http://www.cdc.gov/nccdphp/dnpa/bmi/childrens_BMI/about_childrens_BMI.htm
http://www.healthychildren.org/English/health-issues/conditions/emotional-problems/Pages/Eating-Disorders.aspx
http://www.healthychildren.org/English/health-issues/conditions/emotional-problems/Pages/Eating-Disorders.aspx
http://www.cdc.gov/growthcharts
http://www.cdc.gov/growthcharts
http://www.cdc.gov/growthcharts
http://shop.aap.org/
http://shop.aap.org/
http://shop.aap.org/
http://shop.aap.org/
http://shop.aap.org/
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AAP POLICY STATEMENTS

American Academy of Pediatrics Committee on Sports Medicine and Fitness. Promotion of healthy weight-
control practices in young athletes. Pediatrics. 2005;116(6):1557–1564 (pediatrics.aappublications.org/
content/116/6/1557.full)

American Academy of Pediatrics Section on Breastfeeding. Breastfeeding and the use of human milk. 
Pediatrics. 2012;129(3):e827–e841 (pediatrics.aappublications/org/content/129/3/e827.full)

American Heart Association, Gidding SS, Dennison BA, Birch LL, et al. Dietary recommendations for 
children and adolescents: a guide for practitioners. Pediatrics. 2006;117(2):554–559 (AAP endorsed) 
(pediatrics.aappublications.org/content/117/2/544.full)

Block RW, Krebs NF; American Academy of Pediatrics Committee on Child Abuse and Neglect, Committee 
on Nutrition. Failure to thrive as a manifestation of child neglect. Pediatrics. 2005;116(5):1234–1237 
Reaffi  rmed May 2009 (pediatrics.aappublications/org/content/116/5/1234.full)

Rosen DS; American Academy of Pediatrics Committee on Adolescence. Identifi cation and management of 
eating disorders in children and adolescents. Pediatrics. 2010;126(6):1240–1253 (pediatrics.aappublications.
org/content/early/2010/11/29/peds.2010-2821.abstract)
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Chapter 85

Wheezing
Alfi n G. Vicencio, MD; Joshua P. Needleman, MD

 DEFINITION
Wheezing, a continuous musical sound that represents turbulent intrathoracic airfl ow, is 
usually most prominent during expiration, but it may also be present in inspiration. A history 
of wheezing reported by family members, however, is insensitive and nonspecifi c because 
untrained observers without appropriate equipment often mistake many other respiratory 
sounds for wheezing.

During the normal respiratory cycle, rhythmic expansion and contraction of the thorax 
lead to dynamic changes in thoracic pressures, allowing air to fl ow into and out of the 
lungs (Figure 85-1). On inspiration, the thoracic cavity expands, resulting in negative 
intrathoracic and airway pressures (relative to atmospheric pressure), allowing air to fl ow 
into the lungs. Extrathoracic airway obstruction, signaled by stridor (see Chapter 74, 
Stridor), is most likely to cause turbulent airfl ow during this phase of the respiratory cycle 
(see Figure 85-1, A). Expiration is accomplished by contracting the volume of the thoracic 
cavity, creating positive pressure in the thorax, which is transmitted to the intrathoracic 
airways. Th us, during expiration, the intrathoracic airways are more prone to obstruction 
leading to turbulent airfl ow (see Figure 85-1, B). It should be noted that obstruction 
occurring at the thoracic inlet or severe fi xed obstruction at any level of the airway may 
cause abnormal noises that are not limited to one phase of the respiratory cycle, including 
biphasic wheezing.

Although wheezing is most commonly associated with the distal airway obstruction seen 
in viral bronchiolitis or asthma, several other diseases can cause small airway obstruction and 
can be indistinguishable on physical examination. Similarly, abnormalities causing obstruc-
tion of the mid or distal trachea or main-stem bronchi, both of which reside within the 
thorax, can cause wheezing. Th us, although bronchiolitis and asthma will certainly account 
for most children who wheeze, the general pediatrician should be prepared to initiate a more 
extensive evaluation for the wheezing child, particularly for patients with unusual presenta-
tions or if conventional treatment yields less than optimal results.

 DIFFERENTIAL DIAGNOSIS
Th e diff erential diagnosis of wheezing is extensive and includes any process that can cause 
obstruction of intrathoracic airways. Because the intrathoracic airways include large centrally 
located airways and smaller peripheral bronchioles, determining the level of obstruction is 
often helpful before generating a list of diff erential diagnoses (see Evaluation).
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Inspiration Expiration

A B

Figure 85-1
The respiratory cycle and related airway changes.  A,  During inspiration, negative intrathoracic pressures 
generated by thoracic expansion are likely to cause obstruction in the extrathoracic airway  (red arrow)  
leading to stridor.  B,  During expiration, positive intrathoracic pressures generated by thoracic compression 
are likely to cause obstruction in the intrathoracic airways, including the mid and distal trachea, main-stem 
bronchi, and small bronchioles, leading to wheeze.         

Viral bronchiolitis and asthma account for most wheezing localized to the small peripheral 
airways. A major challenge in evaluating the wheezing child is determining when the wheeze 
is not caused by asthma or bronchiolitis, but rather by a diff erent process requiring diff er-
ent diagnostic approaches and alternate treatment strategies. For example, cystic fi brosis, 
a severe genetic disease causing progressive small airway obstruction, can be mistaken for 
poorly controlled asthma. Similarly, early congestive heart failure can produce intractable 
wheezing from peribronchial edema. Pulmonary hemosiderosis, a rare disorder, can cause 
anemia and recurrent wheezing because blood irritates the peripheral airways. In a similar 
manner, gastroesophageal refl ux and recurrent aspiration can also result in persistent or 
recurrent wheezing and may also complicate large airway abnormalities.

Distinguishing large airway obstruction (ie, trachea or main-stem bronchi) from small 
airway obstruction (ie, asthma) is diffi  cult because both can cause expiratory wheeze. In 
addition, a variety of abnormalities can cause large airway obstruction, further complicating 
evaluation and diagnosis. Dynamic lesions of the large airways such as tracheomalacia or 
bronchomalacia are fairly common causes of congenital wheezing and can also be associated 
with gastroesophageal refl ux, tracheoesophageal fi stula, or prolonged mechanical ventila-
tion in premature infants. External compression of large airways can be seen with vascular 
abnormalities (rings and slings), mediastinal masses, or infectious agents, most notably 
lymphobronchial tuberculosis or histoplasmosis.
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For any child with a sudden onset of wheezing or a history of choking, the possibility of a 
foreign body should be of particular concern. Importantly, many patients with foreign body 
aspiration will not have an obvious history of choking, and as such one should always maintain a 
suspicion for this possibility, even in a child whose wheezing has been present for days or weeks. 
Finally, intrinsic airway abnormalities, including complete tracheal rings and webs, and acquired 
obstructions, such as tracheal stenosis or granulation tissue, can cause intractable wheezing.

 EVALUATION
History
A major challenge in evaluating the wheezing child is to determine when a wheeze is not caused 
by viral bronchiolitis or asthma. Wheezing caused by viral bronchiolitis is usually preceded by 
upper respiratory symptoms and fever, often worsens within the fi rst few days of onset, and 
tends to improve slowly thereafter. Asthma exacerbations are often initiated by vigorous activ-
ity, changes in weather, upper respiratory infection, or exposure to a triggering allergen. Such 
exacerbations typically respond well to inhaled �-agonist therapy with or without systemic cor-
ticosteroids. Persistent or recurrent episodes of wheezing that do not fi t these profi les and have 
a family history that supports the diagnosis of asthma should be evaluated more thoroughly.

A detailed and focused history can often provide clues to an accurate diagnosis. Wheezing 
that appears at birth or soon afterward should prompt an evaluation for congenital airway 
abnormalities such as tracheomalacia, complete rings, or vascular abnormalities or compression. 
Wheezing after a recent surgical procedure or intubation suggests acquired obstruction, whereas 
abrupt onset of wheezing accompanied by a history of choking should prompt an evaluation for 
aspiration of a foreign body. Other clues that suggest underlying illnesses or abnormalities include 
constant wheezing, failure to thrive, hemoptysis, diffi  culty swallowing, frequent vomiting, posi-
tional wheezing, worsening with agitation or crying, and poor response to conventional therapy.

Physical Examination
Location of airway obstruction can often be determined by thorough physical examination 
and can direct the ensuing workup. Unilateral wheezing, most often associated with aspira-
tion of a foreign body, can also accompany unilateral bronchial compression or stenosis 
and should be evaluated thoroughly. In addition to determining whether the wheezing is 
bilateral or unilateral, detailed assessment of the auditory characteristics can help determine 
whether the obstruction is central or peripheral. For example, wheezing that varies in pitch 
and can be heard throughout the chest (musical, heterophonous) typically represents small 
airway obstruction. In contrast, central airway obstruction tends to sound more even in pitch 
(monophonic, homophonous) and can often be heard best in central locations such as the 
sternal notch, although this may be unreliable in a small infant. In addition, large airway 
obstruction is more likely than small to be heard throughout the entire expiratory phase.

In addition to the auditory composition of a wheeze, positional characteristics can help 
determine cause. For example, wheezing caused by a dynamic lesion such as tracheomalacia is 
often worse when a patient is supine. Mediastinal structures such as the heart and the great ves-
sels, which lie immediately anterior to the trachea, tend to fall posteriorly in the supine position 
and can be obstructive. In contrast, these structures tend to fall anteriorly when the patient is 
prone, relieving pressure on the airway and improving the wheeze. Wheezing caused by small 
airway obstruction or fi xed compression of a large airway does not typically change with position.
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Objective Testing
Although a detailed history and physical examination can help the physician narrow the list 
of potential diagnoses, additional testing is often helpful and may guide therapy. Information 
obtained through the history and physical examination should guide further evaluation. 
Table 85-1 highlights the features of some common abnormalities that cause wheezing.

 Table 85-1 
Causes of Recurrent or Persistent Wheeze 

FEATURES OBJECTIVE FINDINGS

Asthma Worse with exercise or respira-
tory infections
Responds to bronchodilators
Responds to steroids
Family history of atopy

Reversible obstruction on PFTs
Homophonous wheeze
Positive bronchoprovocation

Tracheomalacia Worse with activity or agitation
Poor response to bronchodilators
Poor response to steroids

Homophonous wheeze
Airway collapse on fl uoroscopy
Collapsible trachea on 
bronchoscopy

Bronchomalacia Worse with activity or agitation
Poor response to bronchodilators
Poor response to steroids

Heterophonous wheeze
Airway collapse on fl uoroscopy
Collapsible bronchus on 
bronchoscopy

Foreign body Sudden onset
May have a history of choking

Asymmetrical breath sounds
Asymmetrical hyperinfl ation or 
collapse on radiograph

Heart failure or pulmonary 
edema

Poor response to bronchodilators
Poor growth

Hepatomegaly
Radiograph with increased fl uid
Responds to diuresis

Bronchiolitis Infant: URI symptoms Positive viral studies

Vocal cord dysfunction Poor response to all therapies
Severe distress reported

PFTs: normal or with abnormal 
inspiratory loop
Laryngoscopy: vocal cord 
adduction during inspiration

Cystic fi brosis Poor growth, GI symptoms
Recurrent pneumonia 

Positive sweat test 

Gastroesophageal refl ux and 
aspiration

Variable response to 
bronchodilators
Often worse after meals

Positive refl ux evaluation (upper 
GI, nuclear scan, or pH probe)

Vascular compression Central wheeze
No bronchodilator response 

Indentation on esophagram
Anatomy demonstrated on 
thoracic MRI 

Large airway abnormality 
(stenosis, complete rings, 
compression) 

No response to therapy
Worse with activity
Stridor noted at times

Flattened or square fl ow–
volume loop
Obstruction visible on imaging or 
bronchoscopy

GI, gastrointestinal; MRI, magnetic resonance imaging; PFT, pulmonary function test; URI, upper respiratory 
infection.
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Laboratory testing may be indicated to diagnose specifi c clinical entities. For example, 
a sweat test is required if cystic fi brosis is suspected, and viral studies can identify respira-
tory syncytial virus or infl uenza as a cause of small airway wheezing in an infant with upper 
respiratory symptoms.

Pulmonary function testing can help characterize a wheeze objectively in patients older 
than 5 or 6 years. Th e expiratory loop shown in Figure 85-2 demonstrates small airway 
obstruction that improves after bronchodilator therapy, suggesting asthma as the underlying 
cause of recurrent wheezing. In contrast, small airway obstruction that does not demonstrate 
reversibility after bronchodilator therapy may require additional workup; several disease 
processes, including cystic fi brosis, congestive heart failure, and obliterative bronchiolitis, can 
cause fi xed small airway obstruction. Similarly, expiratory loops suggesting fi xed large airway 
obstruction (Figure 85-3) may require further evaluation for stenosis, rings, or compression.

Radiographic studies can be helpful when evaluating a patient with persistent or 
recurrent wheeze, particularly when asthma or viral bronchiolitis is not likely the cause. 
Chest radiography can detect thoracic masses that cause obstruction of airways. In 
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Figure 85-2
 Pulmonary function test demonstrating small airway obstruction. Small airway obstruction, such as that 
seen in asthma, has a distinctive scooped appearance on spirometry. Normalization of the fl ow loop 
after bronchodilator treatment strongly suggests asthma as the underlying cause of recurrent wheezing.         
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Figure 85-3
 Pulmonary function test demonstrating large airway fi xed obstruction. 
Fixed obstruction of a large airway by compression or stenosis will result 
in a characteristic fl at expiratory loop on spirometry. No change will 
occur after administering bronchodilator.
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addition, chest radiography with decubitus fi lms or inspiratory and expiratory views can 
be helpful in diagnosing foreign-body aspiration (Figure 85-4). If history and physical 
examination suggest tracheobronchomalacia as an underlying diagnosis, then airway 
fl uoroscopy (Figure 85-5) can confi rm the diagnosis and help quantify the severity. An 
esophagram or upper gastrointestinal series is useful if a vascular abnormality is suspected. 
However, although a vascular abnormality can be easily identifi ed by an esophageal notch 
in an esophagram, a computed tomographic scan with contrast (Figure 85-6) or magnetic 
resonance image is ultimately required to determine the exact anatomic variant, which 
may include a double aortic arch, a right aortic arch with aberrant left subclavian, or a 
pulmonary artery sling.

Direct visualization of the airway via fl exible bronchoscopy is increasingly used to 
better characterize dynamic lesions such as tracheobronchomalacia (Figure 85-7). Intrinsic 
airway abnormalities, such as complete cartilaginous rings, often require bronchoscopy to 
make a diagnosis (Figure 85-8). Improved radiologic techniques, such as 3-dimensional 
airway reconstruction, may be useful, although the high radiation dose should limit 
their use (Figure 85-9). Furthermore, rigid bronchoscopy can be useful in both diagnosis 
and treatment of tracheal stenosis (Figure 85-10). Bronchoscopy can help assess the 
severity of airway compression by a thoracic mass and confi rm patency after resection 
(Figure 85-11).

A C

B

Figure 85-4
 Foreign-body aspiration.  A,  Chest radiograph demonstrates mild hyperaeration of the right lung and mild 
fl attening of the right hemidiaphragm on anteroposterior view.  B,  On left lateral decubitus view, the 
hyperaeration of the right lung is accentuated.  C,  On right lateral decubitus view, the heart does not shift 
with gravity, and the right lung remains well infl ated. A peanut was found in the right main-stem bronchus 
during bronchoscopy.         
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Figure 85-5
Airway fl uoroscopy. Airway fl uoroscopy demonstrates a normal trachea during inspiration  (arrows) . On 
expiration, severe collapse of the trachea is demonstrated, indicating tracheomalacia.         

Inspiration Expiration

Figure 85-6
 Esophagram and computed tomographic scan.  A,  Esophagram demonstrates a posterior indentation 
suggestive of a vascular ring.  B,  Computed tomographic scan of the chest confi rms the presence of a 
double aortic arch

A B

 MANAGEMENT
Most patients with wheezing have viral bronchiolitis and asthma and should be managed 
accordingly. Although some children with viral bronchiolitis or asthma require hospitalization 
for severe respiratory distress, hypoxemia, poor feeding, or dehydration, the general pediatri-
cian can care for most children in an outpatient setting. An important point to note is that, 
currently, no evidence exists to support the regular use of �-agonist therapy in viral bron-
chiolitis. Hypertonic 3% saline has recently been used as adjunctive therapy for hospitalized 
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Figure 85-7
 Images from fi beroptic bronchoscopy. Fiberoptic bronchoscopy demonstrates normal tracheal caliber 
during inspiration. During expiration, the distal trachea collapses, consistent with tracheomalacia.

Figure 85-8
 Image from fi beroptic bronchoscopy. Fiberoptic bronchoscopy demonstrates complete cartilaginous rings 
causing severe obstruction of the trachea.         

patients with bronchiolitis. Hospital admission or referral to a subspecialty physician may 
be indicated for chronic wheezing associated with failure to thrive, which can be a sign of a 
signifi cant underlying disease. Similarly, an unusual history or physical examination should 
prompt more detailed evaluation and may require alternate treatment regimens, depending 
on the cause. In general, the pediatrician evaluating the child with wheeze should be aware 
of the various clinical entities that can produce wheezing, be able to recognize by history or 
physical examination patients who require further workup, initiate simple diagnostic tests, 
and refer to appropriate subspecialty physicians children with unusual presentations or poor 
response to conventional therapies.
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Figure 85-9
 Three-dimensional reconstruction of computed tomographic image. Severe circumferential narrowing of 
the trachea starting at the thoracic inlet and extending to the main-stem bronchi.

Figure 85-10
 Images from rigid bronchoscopy.  A,  Epiglottis.  B,  Severe stenosis secondary to a tracheal web.  C  and  D,  
After laser resection of the stenosis.  (Courtesy of Sanjay Parikh, MD.)
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When to Refer

• Persistent or recurrent wheezing in an infant younger than 1 year
• Apparent paradoxical response to bronchodilators
• Poor weight gain or growth associated with chronic or recurrent wheezing
• Repeated hospitalization or multiple courses of oral corticosteroids
• Persistent asymmetric wheezing

When to Admit

• Respiratory distress unresponsive to therapy
• Hypoxemia
• Tachypnea interfering with ability to eat or drink
• Altered mental status or signs of fatigue
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Figure 85-11
 Images from fi beroptic bronchoscopy. Complete obstruction of the distal left main-stem bronchus sec-
ondary to a mediastinal mass. Immediately after resection of the mass, the segmental branch points of 
the left lung are easily identifi ed.          
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Acute cerebellar ataxia, 81–82
Acute diarrhea

causes of, 178b
description of, 178b, 181b
evaluation of, 180–181, 181b
treatment of, 181–185

Acute disseminated encephalomyelitis, 80
Acute phase reactants, 644
Acute stroke, 79–80
Acute surgical abdomen, 15b
Addison disease, 333
Adduction, 373b
Adenomatous polyps, 399
Adenosine, 102
ADHD. See Attention-defi cit/hyperactivity 
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Adolescent(s)

amenorrhea in, 39–45
anxiety in, 65t, 66
back pain in, 85–87, 88–92
bacterial conjunctivitis in, 767
blood pressure in, 508–509
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cardiac arrhythmias in, 98, 104
exercise guidelines for, 519t
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transgender, 418–419, 427–429

Adrenal cortex, 527
Adrenal hyperandrogenism, 527–529
Adrenarche
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description of, 728
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signs of, 535

Adverse childhood experiences, 68t, 165t, 207t, 
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A
Abdomen

tumors of, 8
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Abdominal distention
algorithm for, 10f
causes of, 3b, 5b
diagnosis of, 4, 5t, 8f
family history and, 2
history taking, 1–2
hospitalization for, 10
physical examination for, 2–4
radiographic diagnosis of, 8f, 9, 10f
symptoms of, 1, 2b

Abdominal masses, 7–8
Abdominal migraine, 972, 974
Abdominal pain

acute, 13, 15, 16b
causes of, 17b
characteristics of, 13, 18–21
chronic, 18
diagnosis of, 15b, 16b
diff erential diagnosis of, 15–18
evaluation of, 18–21, 19f
functional, 14, 19–20
history taking, 18–20
hospitalization for, 24
laboratory evaluation of, 20–21, 21b
medically unexplained symptoms, 658
physical examination for, 20
referral for, 23–24
treatment for, 21–23

Abdominal sepsis, 489
Abdominal wall hypotonia, 9
Abduction, 373b
Absenteeism, 444, 775–776, 776b
Academic diffi  culties, 455t
Acanthocytes, 51b
Acetylcholine, 549
Achondroplasia, 652
Acid refl ux, 114
Acne, 736f, 739
Acquired autoimmune myasthenia gravis, 555
Acquired hypothyroidism, 821
Acquired immunodefi ciency syndrome. See AIDS
Acquired torticollis, 948–950
Acrocyanosis, 146, 156
Acrodermatitis enteropathica, 36, 192, 739f
Acute abdomen, 572–573
Acute and recurrent headaches, 443
Acute appendicitis, 13

Index

Page numbers followed by “f” denote fi gures; “t” denote tables; “b” denote boxes.
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Aggression. See Disruptive behavior and aggression
Agoraphobia, 64t
AIDS, 193, 749
Airway

compression of, 995f
fl uoroscopy of, 993f

Airway obstruction
stridor and, 877
wheezing and, 987–989, 991f

Alagille syndrome, 587
Alanine aminotransferase, 590–591
Albumin-globulin ratio, 367
Alcohol, 891, 891t
Alcoholism, 333
Alkaline phosphatase, 591
Allergic conjunctivitis, 765t, 768–769, 769f
Allergies

constipation caused by, 124
diarrhea caused by, 190–191
red eye caused by, 764, 764f

Almotriptan, 447t
Alopecia

alopecia areata, 31–33, 32f
androgenetic, 33
defi nition of, 27, 29t
diagnosis of, 32f
diff erential diagnosis of, 28–37
management of, 37
prognosis for, 28
referrals for, 37
traumatic, 34

Alpha-blockers, 515t
Alpha-thalassemia, 53–54
Ambiguous genitalia, 297
Ambras syndrome, 526
Ambulatory blood pressure monitoring, 510–511
Amenorrhea

causes of, 40b
description of, 39–41
evaluation of, 41–44, 42f
history taking, 41
hypoestrogenic, 44
laboratory testing for, 43–44
management of, 44–45
physical examination for, 41–43
primary, 39, 43
referrals for, 45
secondary, 39, 43
secondary sex characteristics, 42f
stress and, 41

Amiloride, 706
Amniotic band disruption sequence, 296, 296f
Amphetamines, 938
Anal stenosis, congenital, 123
Androgens, in hair growth, 524
Anemia

aplastic, 55
classifi cation of, 47–59, 52t
defi nition of, 47

diagnosis of, 59t
evaluation of, 56–57, 59–60
family history of, 59
fatigue caused by, 332, 338
hematologic causes of, 55–56
hemolytic, 56
iron defi ciency, 55
laboratory fi ndings for, 60
macrocytic, 52t, 57
management of, 259
microcytic. See Microcytic anemia
in newborn, 50f, 57–59
normocytic, 52t, 54–55, 54–56
physical examination for, 59–60
referrals and, 61
sideroblastic, 54
treatment of, 60–61

Angiotensin II, 511
Angiotensin-converting enzyme inhibitors, 515t
Angiotensin-receptor blockers, 515t
Ankle, 628–629
Ankylosing spondylitis, 598
Annulus, 741f
Anomalous left coronary artery, 574
Anorectal disorders, 123
Anorexia nervosa

causes of, 635b
description of, 982
diff erential diagnosis of, 633–634
evaluation for, 634
pathophysiologic features, 633
referral for, 636
treatment of, 634–636

Antalgic gait, 627t
Anterior horn cell disease, 554–555
Anterior saccular cyst, 884f
Anteversion, 373b
Antibiotic-associated pseudomembranous 

colitis, 179
Anticipatory guidance

for family dysfunction, 322
temper tantrums and, 930–931

Antidepressants, for insomnia, 851
Antiemetics, 975
Antihistamines

cough treated with, 141
pruritus and, 721

Anti-infl ammatory drugs, nonsteroidal, 222
Antinuclear antibody testing, 629
�

1-Antitrypsin defi ciency, 586
Anxiety

in adolescents, 65t, 66
assessment of, 66–69
in children, 65t, 66
chronic medical conditions and, 63
conditions coexisting with, 68t
depression and, 68t, 165t
disruptive behavior and aggression associated 

with, 207t
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fi ndings suggestive of, 63–64, 65t
inattention and impulsivity and, 562t
in infants, 65t, 66
overview of, 64t
in parents, 67, 72
plan of care for, 7–13
symptoms of, 63
tics and, 939
in toddlers, 66
treatment of, 941

Anxiety disorders
assessment of, 66–69
description of, 64t
healthy habits and, 70
identifi cation of, 64–65
interventions for, 71–72
obsessive-compulsive disorder, 64t, 67, 69
overview of, 64t
plan of care for, 7–13
post-traumatic stress disorder, 64t, 67, 69
psychoeducation about, 70
psychopharmacologic treatment of, 74t
psychosocial screening tools for, 64–65, 66t
psychosocial treatment of, 74t
resources for, 73
reward system for, 72, 72t
social-emotional problems versus, 907t
specialist involvement in, 73–74
stress reduction and, 71
substance use and, 892t
tics and, 939
tools for assessing, 64–65, 66t
treatment of, 67, 69

Aortic stenosis
chest pain caused by, 116
syncope and, 923

Aortic valve clicks, 460
Aplastic anemia, 55
Apocrine bromhidrosis, 679
Appendicitis, 13, 573
Appendix testis torsion, 789–790
Appetite, 633
Apraxia, 865
Apt-Downey test, 396
Area postrema, 971
Arnold-Chiari malformation, 878
Arrhythmias

approach to, 97–98
atrial fi brillation, 101f, 104
atrial fl utter, 104, 105f
conduction abnormalities, 106–107
normal rhythm variations, 98
premature beats, 98–100
referrals for, 109
sudden cardiac death, 107–109
supraventricular tachycardia, 100–104
ventricular tachycardia, 105–106

Arteriovenous malformation, 79
Arthralgia, 597

Arthritis, 597
juvenile idiopathic, 598, 624
septic, 620, 621t

Arthrogryposis multiplex congenita, 287
Arthropathy, 597
Articulation, 865
Arytenoid dislocation, 546
Ascites, 9, 257
Aspartate aminotransferase, 590–591
Associations, 287, 289
Asthma

chest pain caused by, 115t
dyspnea and, 241
sleep-related, 852t, 853–854
wheezing and, 987–989

Ataxia
acute cerebellar, 81–82
causes of, 78b
defi nition of, 77
diff erential diagnosis of, 79–82
episodic, 79b
evaluation of, 77–79
Guillain-Barré syndrome as cause of, 81
history taking for, 77–78
imaging of, 82
intermittent, 79b
laboratory evaluation of, 82
management of, 83
motor, 81
ongoing care for, 83
physical examination of, 78–79
sensory, 81
treatment of, 83

Ataxia-telangiectasia, 752t, 753
Athletes

back pain and, 86–87
extremity pain and, 281–282

Atresia
extrahepatic biliary, 586–587
newborns and, 6f
pulmonary, with ventricular septal 

defect, 153
tricuspid, 153

Atrial fi brillation, 101f, 104
Atrial fl utter, 104, 105f
Atrial premature contractions, 99f, 99–100
Atrial septal defect, 459
Atrioventricular block, 106–107, 107f, 922–923
Atrophy, 742
Attention-defi cit/hyperactivity disorder

American Academy of Pediatrics treatment 
recommendations for, 567b

disruptive behavior and aggression associated 
with, 207t

inattention and impulsivity in, 559–560, 562t
irritability caused by, 577
learning diffi  culties and, 610t
pharmacotherapy for, 941
psychoeducation for, 563
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Benign neonatal sleep myoclonus, 675–676
Benign paroxysmal positional vertigo, 

217–218
Benign paroxysmal torticollis, 217, 948
Benign paroxysmal vertigo, 674–675
Benign premature adrenarche, 529
Bereavement, 68t, 165t, 207t, 563t, 610t
Bernard-Soulier syndrome, 266
Beta-blockers

hypertension and, 515t
syncope and, 927

Beta-thalassemia, 53
Bezoars, 8
Bezold-Jarisch refl ex, 921
Biliary obstruction

hepatomegaly and, 492
jaundice and, 589

Bilious vomiting, 972
Bilirubin

conjugation of, 584
increased production of, 583–584
jaundice and, 581
metabolism, 581–582

Bilirubin UDP-glucuronosyl transferase, 581
Biopsy

liver, 591–592
lymphadenopathy and, 645, 647
renal, 474

Biopsychosocial approaches
abdominal pain and, 22
school refusal and, 779

Bipolar disorder, 166t, 207t, 892t
Bleeding

gastrointestinal
adolescents with, 400, 401b
causes of, 398–400, 401b
diagnostic testing of, 396, 402–403
diff erential diagnosis of, 396, 398–400
history taking, 401–402
infants and young children with, 398–400, 

401b
lower, 395
management of, 403–406
newborns with, 397–398, 401b
nongastrointestinal source of, 396
overview of, 395
physical examination for, 402
terminology associated with, 395–396

vaginal
causes of, 956b
diagnostic testing for, 957–958
evaluation of, 954–958
history taking, 955–957
management of, 958–959
physical examination for, 957
in prepubertal girls, 953–954
in pubertal girls, 954–959

Blepharitis, 765, 769
Blister cells, 51b

psychosocial interventions for, 567
social-emotional problems versus, 907t
substance use and, 892t
tics and, 936, 940–941

Auditory neuropathy/dyssynchrony, 454
Auditory screening, 455
Auscultation, of heart, 462–463
Autism spectrum disorder, 68t, 73, 208t, 577, 

611t, 863, 906
Autoimmune diseases

fatigue caused by, 337–338
fever caused by, 364b, 365
hemoptysis and, 482

Autoimmune enteropathy, 193–194
Axillary apocrine bromhidrosis, 681
Axillary hyperhidrosis, 549–550
Axillary odor, 681

B
Back pain

chronic causes of, 87
diagnosis of, 86–87, 87t
epidemiology of, 85
evaluation of, 88–92
management of, 92–94
psychosocial considerations of, 87–88
referrals for, 94

Bacterial conjunctivitis, 765t, 767f, 767–768
Bacterial infections

fever caused by, 363, 364b
hemoptysis caused by, 480
in infants, 348
joint pain and, 599
lymphadenopathy caused by, 640
in newborn, 350
recurrent, 748
splenomegaly and, 870–871

Bacterial vaginosis, 968
Bad breath, 681–682
Balanitis, 252
Balanoposthitis, 252
Bamboo spine, 598
Banti syndrome, 871
Barium enema, 406
Barky cough, 878
Bartonellosis, 363
Basophilic stippling, 51b
BEARS parent questionnaire, 830
Beckwith-Wiedemann syndrome, 291
Bedtime fears, 839
Behavior

disruptive. See Disruptive behavior and 
aggression

self-injurious. See Self-injurious behavior
self-stimulating. See Self-stimulating behaviors

Behavioral disorders, 455t
Behavior Analyst Certifi cation Board, 801
Bell clapper deformity, 786

Attention-defi cit/hyperactivity disorder (continued)
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Bronchitis, 987
Bronchoscopy

hemoptysis and, 486
wheezing and, 992, 994f, 995f–996f

Bruit, 463
Bruxism, 847
Budd-Chiari syndrome, 491
Bulimia nervosa, 982
Bullae, 734, 738f
Bullous disease, 738f
Bullying, 209
Bunionette, 390

C
Café au lait macules, 735f
Calcaneovalgus, 383, 384f
Calcaneus, 373b
Calcium channel blockers, for hypertension, 515t
Canavan disease, 651
Candidal infections, 968
Capillary hemangiomas, 763, 763f
Carbohydrate intolerance, 189
Carbohydrate malabsorption, 187
Carbon monoxide poisoning

cyanosis caused by, 155
irritability and, 574

Cardiac arrhythmias
approach to, 97–98
atrial fi brillation, 101f, 104
atrial fl utter, 104, 105f
conduction abnormalities, 106–107
normal rhythm variations, 98
premature beats, 98–100
referrals for, 109
sudden cardiac death, 107–109
supraventricular tachycardia, 100–104
ventricular tachycardia, 105–106

Cardiac catheterization, 926
Cardiac cyanosis, 149–150
Cardiac cycle, 459–460, 460f
Cardiac disease, 462b
Cardiac pacing, 927
Cardiovascular system

evaluation of, 514
irritability and, 573–574
syncope, 922–924

Caregiver Strain Questionnaire, 205
Caroli disease, 492
Cataplexy, 676, 849
Catheterization, cardiac, 926
Cat scratch disease, 356
Cavus, 373b
CBT. See Cognitive behavioral treatment
CCAVB. See Complete congenital atrioventricular 

block
Celecoxib, 222
Celiac disease

description of, 124, 820
diarrhea associated with, 188

Blood cell count
dyspnea and, 238
epistaxis and, 267

Blood in diaper or underwear, 476
Blood pressure. See also Hypertension

ambulatory monitoring of, 510–511
in boys, 498f, 499t–502t
defi nition of, 511
factors infl uencing, 497, 507
in girls, 498f, 503t–506t
measurement of, 509–511
regulation, 511

Blue-dot sign, 789
Board-certifi ed behavior analyst, 803
Body odor

causes of, 681–687, 683t–687t
diff erential diagnosis of, 681–682
physical examination of, 680

Body temperature, normal, 343–344
Body twirling, 815
Bone marrow failure, 694–695
Bone scan, 278
Bone scintigraphy, 630
Borderline personality disorder, 800
Bordetella pertussis, 150
Borrelia burgdorferi, 599–600
Botulism, infantile, 335, 556, 571
Bowed legs, 380–383, 382f
Bowing, 371
Boys

blood pressure levels, 498f, 499t–502t
growth patterns in, 819
puberty in, 723–727

Brachycephaly, 291
Bradyarrhythmias, 922
Bradycardia, 98, 98t
Brain

development of, in adolescents, 887–888
injuries to, 569

Breast development
in boys, 724
in girls

delayed, 725–727, 731
early, 727–730
normal, 723–724

Breastfeeding
sleep and, 837, 841
weight loss in infants and, 979–980

Breath-holding spells
cyanotic, 156, 673, 932–933
description of, 673–674, 932–934
pallid, 933
syncope and, 919, 922

Breathing disorders
dyspnea, 235–244
sleep related, 842–843, 853–854

Bromhidrosis, 550, 679
Bronchiectasis, hemoptysis and, 483, 485–486
Bronchiolitis, 987–988
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Chronic disease and illness
absenteeism caused by, 776
anemia and, 54–55
constipation, 196
short stature caused by, 820

Chronic edema, 258
Chronic fatigue syndrome

chronic fatigue versus, 334
criteria for, 334
description of, 334–335
diagnosis of, 337

Chronic granulomatous disease, 753t
Chronic infl ammation, 54–55
Chronic irritability, 576–578
Chronic nonprogressive headaches, 443–444
Chronic progressive headaches, 443
Chronic tic disorder, 938
Chylous ascites, 9
Circadian rhythms

description of, 829–830
sleep disorder involving, 843

Citalopram, 23
Claudication, 277
Claw toe, 389f, 390
Cleidocranial dysostosis, 652
Clevidipine, 518t
Clitoromegaly, 43
Clonidine, 518t, 940
Clostridium botulinum, 335
Clubfoot, 287, 288f, 383–385, 384f
Coarctation of the aorta, 508–509
Cochlear implants, 456
Coeffi  cient of absorption, 173
Cognitive behavioral treatment

abdominal pain and, 22
depression treated with, 170
selective serotonin reuptake inhibitors and, 170
somatic disorders treated with, 662t

Cognitively impaired children, 578
Colic, 572, 577
Colloid osmotic pressure, 255
Colloids, 255
Colon, 119–120
Colonic pain, 13
Columbia Impairment Scale, 560
Combined oral contraceptives, 958–959
Common variable immunodefi ciency, 751t
Complementary and alternative medicine, 22
Complement system, 753–754
Complete atrioventricular block, 106
Complete congenital atrioventricular block, 106–107
Complex regional pain syndrome, 602
Complex vocal tics, 935
Concussion, 571
Conduct disorder, 165t, 203, 204b, 209, 212, 

563t, 611t
Conduction abnormalities, 106–107, 107f
Confusional arousals, 845–846
Congenital adrenal hyperplasia, 528

Cellular immunity defects, 752–753
Central alpha-agonist, 515t
Central cyanosis, 146–148, 156
Central diabetes insipidus, 700–702
Central nervous system

abnormalities of, 551
hypotonia, 555
sensation of dyspnea and, 235

Central precocious puberty, 530, 728
Central syncope, 919
Cerebellar hemisphere dysfunction, 79
Cerebellitis, 80
Cerebral palsy

hypotonia and, 551
limp caused by, 625

Cervical adenopathy, 337
Cervicitis, 955
C fi bers, 719
CFS. See Chronic fatigue syndrome
CGD. See Constitutional growth delay
Chalazia, 764
CHARGE association, 289
Chédiak-Higashi syndrome, 753t
Chemical conjunctivitis, 768
Chemoreceptor trigger zone, 971
Chest pain

causes of, 114–117, 115t
diagnosis of, 111
evaluation of, 112–113
exercise-induced, 114, 115t
history and, 112–113
idiopathic causes of, 116–117
laboratory evaluation and, 113
pathophysiologic features of, 111–112
psychogenic, 117
referred, 111
symptoms of, 113b, 115t

Chest radiograph
lymphadenopathy evaluations, 643–644
wheezing evaluations, 992f–993f

Chest wall syndrome, 117
Children. See also Infant(s); Neonate; Newborn

hypertension in, athletic participation 
considerations for, 516

language development in, 860t–861t
mortality of, cardiac arrhythmias and, 

107
sexual abuse of, vaginal bleeding and, 953
tobacco use by, 888

Chlamydia trachomatis, 968
Choledochal cysts, 587
Cholelithiasis, 589
Cholera, 176
Cholestasis, 591
Cholestatic jaundice, 584
Cholestyramine, 186
Chondromalacia patellae, 284, 601
Chorea, 938
Chromosome analysis, 297
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Coprolalia, 935
Copropraxia, 935
Corneal abrasion, 771, 771f
Corneal and ciliary fl ash, 772
Corneal ulcer, 771, 772f
Cornelia de Lange syndrome, 815
Coronary arteries, 924
Corticotropin-releasing hormone, 527
Co-sleeping, 834
Costochondritis, 115t
Cough

classifi cation of, 135–136
diagnosis of, 136–137
evaluation of, 137–140
family and personal history, 137
laboratory evaluation of, 138–140
neonatal history, 137
pathophysiologic features of, 135
physical examination for, 138
referrals for, 142
treatment of, 140–141

Cough suppressants, 141
Coxa vara, 372
Craniosynostosis, 665
C-reactive protein, 367
Crigler-Najjar syndrome, 584
Croup, 150
Curly toe, 389f, 390
Currant-jelly stools, 399
Cushing syndrome, 336, 821
Cuticle biting, 813
Cyanide poisoning, 155
Cyanosis

acrocyanosis, 146
cardiac, 149–150
central, 146–148, 156
defi nition of, 145
dyshemoglobinemias with, 155
in fetus, 156
heart disease with

congenital cyanotic heart disease, 151–152, 
156

description of, 151
hypoplastic left heart syndrome, 153–154
right ventricular outfl ow tract abnormalities, 

152–153
tetralogy of Fallot, 152
total anomalous pulmonary venous return, 

152, 154
transposition of great arteries, 152–154
tricuspid valve abnormalities, 153

hyperoxia test for, 149, 157
in infant, 156–158
miscellaneous causes of, 155–156
in newborn, 156–158
overview of, 145–146
peripheral, 146–147
persistent pulmonary hypertension of the 

newborn, 157

Congenital anal stenosis, 123
Congenital aqueductal stenosis, 650
Congenital atrioventricular block, 107f
Congenital chloride-losing diarrhea, 177, 194
Congenital cyanotic heart disease, 151–152, 156–158
Congenital generalized hypertrichosis, 526
Congenital heart defects

hemoptysis and, 483
tetralogy of Fallot, 152, 924

Congenital hepatic fi brosis, 492
Congenital hip dysplasia, 623, 623f
Congenital hypertrichosis lanuginosa, 526
Congenital hypotonia, 557
Congenital laryngeal stridor, 882
Congenital laryngeal webs, 539, 541
Congenital muscular dystrophy, 556–557
Congenital myopathies, 556–557
Congenital sodium-secretory diarrhea, 194
Congenital torticollis, 947–950
Congestive splenomegaly, 871
Conjugated bilirubin, 582
Conjugated hyperbilirubinemia, 584–585
Conjunctival abnormalities, 765
Conjunctival papilloma, 770, 770f
Conjunctivitis

allergic, 765t, 768–769, 769f
bacterial, 765t, 767f, 767–768
chemical, 768
history taking, 759–760
in Kawasaki disease, 771
in newborn, 767
overview of, 759
physical examination of, 760–761
types of, 765t
vernal, 768
viral, 765t, 766, 766f

Constipation
causes of, 122–124
chronic, 196
complications of, 126
defi nition of, 119, 120b
diagnosis of, 122b, 122–124
evaluation of, 125–127
functional, 119–120, 123t, 125–131
Hirschsprung disease comparison, 123t
idiopathic, 7
irritability and, 577
red fl ag signs in, 127b
referrals for, 131
studies and, 124b
treatment of, 127–131, 131b

Constitutional growth delay, 819
Contact dermatitis

illustration of, 740f
pruritus and, 720

Continuous murmurs, 466–467, 467f
Contraception/contraceptives, 223
Conversion disorder, 660t
Cooley anemia, 53
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resources for, 169
risk factors for, 162b
screening for, 163, 163t
specialist involvement for, 170–171
stress reduction for, 168–169
suicide risk, 166b
symptoms of, 162b
tools for identifying, 162–163, 163t

Dermatitis, contact
illustration of, 740f
pruritus and, 720

Dermatogenic torticollis, 949
Dermatoglyphics, 296
Dermatomal distribution, 741f
Dermatomyositis, 277
Dermatophytes, 682
Desisters, 422
Desmopressin, 706
Developmental delays, 851, 906t
Developmental dysplasia of the hip, 375
Developmental night waking, 842
Diabetes mellitus

fatigue caused by, 331
weight loss and, 981

Diabetic ketoacidosis, 241
Dialectal behavior therapy, for nonsuicidal 

self-injury, 804
Diamond-Blackfan anemia, 58
Diaphragmatic infl ammation, 112
Diarrhea

acute
causes of, 178b
description of, 178, 178b, 181b
evaluation of, 180–181, 181b
treatment of, 181–185

chronic, 186b
diff erential diagnosis of, 179–180
exudative, 177
factitious, 192
hormone-related, 192–193
in infants

acute, 179–180
chronic, 185–196
description of, 980

medication for, 184
motility, 177–178
osmotic, 175–176
pathophysiologic factors of, 173–178
protracted, 186–188
referrals for, 196–197
secretory, 176–177

Diastolic blood pressure, 510
Diastolic murmurs, 464t, 465, 466f
Diet, hypertension and, 514
Diff use pulmonary hemorrhage, 481–482
Diff usion block, 149
DiGeorge syndrome, 752t
Dilated cardiomyopathy, 151
Dipstick test, for urine screening, 710

pulmonary disease with, 150
pulmonary mechanisms of, 148–149
pulse oximetry evaluations, 149
reverse diff erential, 152

Cyanotic breath-holding spells, 156, 673, 
932–933

Cyberbullying, 778
Cyclic vomiting, 972
Cyst(s)

description of, 734
epithelial, 8

Cystic fi brosis, 188, 852t
description of, 124
hemoptysis and, 482
weight loss and, 980

D
Dactylitis, 598
Day–night reversal, 836
Deconditioning syndrome, 362
Decongestants, for cough, 141
Defecation, 119
Deformation, 287
Dehydration

in infants, 979
vomiting secondary to, 975

Dehydroepiandrosterone, 527–528
Dehydroepiandrosterone sulfate, 527–528
De Lange syndrome, 667
Delayed puberty

causes of, 726b
description of, 725–727
diagnostic testing for, 727b
referral for, 731

Delayed settling, 836–837
Depot-medroxyprogestone acetate, 223
Depression, 892t, 941. See also Major depressive 

disorder
anxiety and, 68t, 165t
assessment of, 163–164
children and, 850
conditions co-occurring with, 165t–166t
diagnostic criteria for, 164b
disruptive behavior and aggression associated 

with, 207t
DSM-5 criteria for, 164b
fi ndings suggestive of, 161–162, 162b, 163t
healthy habits and, 168
identifi cation of, 162–163, 163t
initial interventions for, 169
insomnia caused by, 850
learning diffi  culties and, 610t
plan of care for, 167–170
prevalence of, 161
psychoeducation for, 167–168
psychopharmacologic treatment of, 171t
psychosocial screening for, 163t
psychosocial treatments for, 171t

Cyanosis (continued)
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Duchenne muscular dystrophy, 556
Dysfl uency, 865
Dysfunctional elimination syndrome, 251
Dysfunctional uterine bleeding, 955, 958
Dysfunctional voiding, 251
Dyshemoglobinemias, 155
Dysmenorrhea

primary, 221–223
referrals for, 224
secondary, 223–224

Dysmorphism, facial
body, 294–297
causes of, 292t
craniofacial features, 291–292
defi nition of, 287
description of, 820
diagnosis of, 290b, 298–299
growth, 291
history taking, 289–290
laboratory evaluation for, 297
physical examination for, 291–292
proportions, 291

Dysphagia
causes of, 228b, 228–229
clinical manifestation of, 229
diagnostic studies of, 231–232
evaluation of, 231–232
imaging studies for, 230–231
laboratory studies for, 230
management of, 232–233
physical examination for, 229–230
referrals for, 233
symptoms of, 230b

Dyspnea
clinical evaluation of, 236
clinical presentation of, 237–242
etiology of, 237–242
history taking, 236
hospitalization for, 244
management of, 242–243
pathophysiologic features of, 235–236
psychogenic causes of, 242
referrals for, 243

Dystonic torticollis, 949
Dysuria

algorithm for, 249f
causes of, 249t
diff erential diagnosis of, 248–252
history taking, 247
hospitalization for, 252
physical examination of, 248
prepubertal children with, 250f
referral for, 252

E
Early Childhood Screening Assessment, 205t
Eating disorders, 982. See also Anorexia nervosa; 

Bulimia nervosa
Ebstein anomaly, 153

Direct bilirubin, 582
Discoid lupus erythematosus, 36–37
Discoid meniscus, 623
Disimpaction, 128–129, 129t
Diskitis, 86, 89, 93, 599, 621
Disruptive behavior and aggression

age-based manifestations of, 203–204
assessment of, 206
conditions co-occurring with, 206, 207t–208t
family involvement in care for, 208
fi ndings suggestive of, 203–204, 204b
healthy habits for, 209
identifi cation of, 204–205
initial interventions for, 209–211
parents and, 209–210
plan of care for, 206–213
prevalence of, 203
prevention of, 203
psychoeducation for, 208–209
psychopharmacologic treatment of, 213t
psychosocial screening for, 205t
psychosocial treatment of, 213t
resources for, 210
specialist involvement for, 210–213
stress reduction for, 209
substance abuse and, 206, 208t
tools for identifying, 204–205

Disruptive behavior disorders, 907t
Distal airway obstruction, 987
Diuretics, 260, 511, 515t
Dix-Hallpike maneuver, 218
Dizziness

causes of, 215–216
defi nition of, 215
diagnosis of, 216f, 219t
evaluation of, 218
management of, 220
referrals for, 220

DNA analysis, 297
DNA testing, 555
Dolichocephaly, 291
Dopaminergic drugs, 938
Down syndrome

description of, 288, 292, 293f, 294, 852t
hypotonia and, 551
microcephaly and, 667

Dropping out of school, 781
Drospirenone, 534
Drug(s)

abdominal pain managed using, 23
irritability and, 575
sleep aff ected by, 851

Drug abuse. See also Substance use
dyspnea caused by, 242
fatigue caused by, 333

Drug-induced dystonic reactions, 951
Drug-induced liver injury, 589
Dualism, 657
Dubin-Johnson syndrome, 589
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Eosinophilic gastroenteropathy, 191
Epididymal cysts, 795
Epididymitis, 790
Epiglottis, 995f
Epiglottitis, 150
Epilepsy

electroencephalograms and, 933
sleep-related, 853

Episcleritis, 774
Episodic ataxia, 79b
Epistaxis

cause of, 265b
defi nitions of, 263
diagnosis of, 264–266
epidemiologic factors of, 263
evaluation of, 266–267, 268t
management of, 267–272, 269f, 270b
referrals for, 272–273
scoring system for, 268t
treatment of, 269f

Epley maneuver, 217
Epstein-Barr virus, 333
Equinovarus, 383, 384f
Equinus, 373b
Erosions, 734, 739f
Erythema migrans, 599
Erythematous papules, 736f
Erythematous patch, 735f
Erythroblastosis fetalis, 58
Erythrocyte sedimentation rate, 367–368
Escherichia coli, 180
Esmolol, 518t
Esophageal manometry, 232
Esophageal pH probe study, 232
Esophagitis, 115t
Esophagogastroduodenoscopy, 232
Esophagram, 993f
Ethnicity

mean blood pressure and, 507
Event monitors, 926
Eversion, 373b
Evidence-based parenting programs, 212t
Ewing sarcoma, 285
Exclamation-point hairs, 31
Exercise

dyspnea secondary to, 240
hypertension and, 514

Exercise-induced chest pain, 114, 115t
Expectorants, 140
Expressive language defi cits, 863
External tibial torsion, 377
Extrahepatic biliary atresia, 586–587
Extremity pain

diagnosis of, 279b–280b, 279–285
evaluation of, 275–279
history taking, 275–276
laboratory examination and, 277–278
physical examination of, 276–277
terminology associated with, 275

Eyberg Child Behavior Inventory, 913

Eccrine bromhidrosis, 679, 682
ECG. See Electrocardiogram
Echinocytes, 51b
Echocardiogram, for syncope evaluations, 926
Echokinesis, 935
“E-cigarettes,” 888
Edema

causes of, 256b, 256–257
evaluation of, 257–258
history taking, 257–258
laboratory evaluation of, 258
management of, 259–260
pathophysiology of, 255–256
physical examination for, 258
referrals for, 260
test interpretation and, 258

Efl ornithine hydrochloride, 534
Ehlers-Danlos syndrome, 277, 552, 601
Eicosapentaenoic acid, 635
Eisenmenger syndrome, 151
Ejection clicks, 460
Ejection murmurs, 464, 465f
Electrocardiogram

arrhythmia evaluations, 97–98, 101
chest pain evaluations, 113
dyspnea evaluations, 240
syncope evaluations, 925–926

Electroencephalograms, 933
Electrolytes

absorption of, 176–177, 194–195
congenital absorption disorders, 194–195
imbalance of, 974

Electrophysiologic testing, 926
Eletriptan, 447t
Elliptocytes, 51b
Emergency plan, 169
Emotional disorders, 332–333. See also 

Social-emotional problems
Enalaprilat, 518t
Endocrine disorders

fatigue caused by, 331, 334
short stature caused by, 821

Endometrial fi brosis, 224
Endometrial polyps, 224
Endometriosis, 223–224
Endoscopic injection sclerotherapy, 405
Endoscopy, 398, 403
Energy

conditions resulting in defi ciency, 306b
needs in children, 305b

Entamoeba histolytica, 180
Enterocolitis, 399
Enterohemorrhagic E coli, 180
Enterohepatic circulation, 582
Enterokinase, 189
Enteropathy, 259–260
Environment

language development and, 860
school refusal and, 777, 778

Eosinophilic esophagitis, 229
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diff erential diagnosis of, 330b–331b, 330–335
in infants, 330
management of, 338–339
patient history and, 335–336
physical examination of, 336
weakness versus, 329

Favism, 57
Febrile seizures, 345
Fecal impaction, 7f
Feeding

diarrhea and, 185
dysphagia caused by, 229
equipment, 233
failure to thrive and, 307
sleep and, 837

Feeding center, 633
Femoral anteversion, 373, 378–380
Femoral retroversion, 378
Femoral torsion deformities, 378–380
Fenoldopam, 518t
Fetal alcohol syndrome

description of, 292, 293f
microcephaly and, 667

Fetal hemoglobin, 156
Fever

algorithms for, 351f–352f, 355f
behavioral symptoms of, 344
defi nition of, 343–344
diff erential diagnosis of, 346b, 346–347
evaluation of, 347–356
factitious, 356
in infants, 350, 354
joint pain and, 599
laboratory evaluation of, 350–353, 351f
management of, 349–350
in newborn, 350
physical examination of, 344
presentation of, 345–346
Rochester criteria for, 353t
signs and symptoms of, 344–345
systemic infl ammatory response syndrome, 

347, 347t
urinary tract infections as cause of, 354
weight loss and, 980

Fever of unknown origin
autoimmune diseases as cause of, 363, 364b
defi nition of, 361–363
diagnostic testing of, 367–368
diff erential diagnosis of, 363–366, 364b–365b
infectious diseases as cause of, 364b, 365
malignancies as cause of, 364b, 365–366
patient history and, 366
periodic fever syndromes as cause of, 363, 

364b, 366
physical examination of, 366–367
pseudo–fever of unknown origin versus, 362, 

362b, 366
Fiber, 130
Fiberoptic endoscopic evaluation of swallowing, 

231

Eye, red. See Conjunctivitis; Red eye
Eyelid abnormalities, 761–765
Eyelid tumors, 763, 763f

F
Facial dysmorphism

body, 294–297
causes of, 292t
craniofacial features, 291–292
defi nition of, 287
diagnosis of, 290b, 298–299
growth, 291
history taking, 289–290
laboratory evaluation for, 297
physical examination for, 291–292
proportions, 291

Facio-auriculo-vertebral syndrome, 291
Facioscapulohumeral dystrophy, 557
Factitious disorder, 660t
Factitious fever, 356
Factitious hemoptysis, 483
Failure to thrive

defi nition of, 301–303
evaluation of, 306–308
follow-up for, 309–312, 311–312
history taking, 307–308
hospitalization for, 312
laboratory evaluation of, 309
pathogenesis of, 304–306
physical examination for, 308–309
prognosis for, 312
referral for, 312
treatment of, 309–312
undernutrition as cause of, 310–311, 311b

Familial dysautonomia, 921
Familial short stature, 819, 821–822
Family. See also Parent(s)

blurred boundaries in, 320–321
characteristics of, 317–318
divided loyalties in, 320
functioning of, 317–318
of gender nonconforming patient, 422
interpersonal interactions in, 323
overview of, 317
parenting styles in, 318–319
physician’s role in, 321–324
roles in, 322

Family dysfunction
anticipatory guidance for, 322
description of, 319
patterns of, 319–321
presentation of, in primary care setting, 321
summary of, 324

Fanconi syndrome, 295
FAS. See Fetal alcohol syndrome
Fat excretion, 173
Fatigue

in adolescents, 333
defi nition and etiology of, 329–330
diagnostic testing of, 336–337



Index1008

Ganglioneuroma, 193
Gastrocolic refl ex, 173
Gastroduodenoscopy, 404
Gastroenteritis, 184
Gastroesophageal refl ux

chest pain caused by, 115t
cough caused by aspiration of, 139
description of, 540, 972, 975
sleep problems and, 852t, 854

Gastroesophageal varices, 398, 405
Gastrointestinal bleeding

adolescents with, 400, 401b
causes of, 49, 398–400, 401b
diagnostic testing of, 396, 402–403
diff erential diagnosis of, 396, 398–400
history taking, 401–402
infants and young children with, 398–400, 401b
lower, 395
management of, 403–406
newborns with, 397–398, 401b
nongastrointestinal source of, 396
overview of, 395
physical examination for, 402
terminology associated with, 395–396

Gastrointestinal obstructions, 4
Gastrointestinal tract, 174f
Gaucher disease, 493
Gender, 409
Gender dysphoria, 410, 433
Gender expression and identity issues

adverse eff ects of, 413–416
advocacy, 437
coming out, 428
defi nitions, 409–412
developmental well-being, 426
DSM-5 inclusion of, 411
emotional well-being, 426
etiology of, 412–413
evaluation of, 416–422
family considerations, 422
future of, 429–430
gender dysphoria, 410
genetics of, 413
history taking, 418–420
isolation concerns, 428
laboratory evaluation of, 421–422
management of, 422–430
overview of, 409
parents, 435–436, 436b
physical examination of, 420–421
physical well-being, 425
primary care physician considerations, 416–421
psychosocial theories of, 412
referral for, 437–438
relationships, 428–429
safety considerations, 427–428
schools and, 415
self-acceptance, 426–427
self-disclosure, 428

Fibrillin, 288
Finasteride, 33
First heart sound, 459
Fitz-Hugh–Curtis syndrome, 17
Flatfoot, 373, 385–387
Flexible fl atfoot, 385–386
Flexible laryngoscopy, 883f
Floppy infant, 335
Fluorescent in situ hybridization, 297
Fluphenazine, 941
Focal fat necrosis, 791
Follicle-stimulating hormone, 43–44, 954
Folliculitis, 739f
Food allergy

description of, 577
diarrhea caused by, 190–191

Food protein-induced enterocolitis syndrome, 191
Food refusal, 305
Foot disorders

clubfoot, 383–385
femoral torsion deformities, 378–380
forefoot, 374–376
shoes and, 392
terminology, 373b
tibial torsion, 376–378
toe deformities, 388–390, 389f
toe-walking, 390–391

Foot odor, 682
Forefoot, 374f–375f, 374–376
Foreign bodies

aspiration of
cyanosis caused by, 150
hemoptysis caused by, 480, 485
stridor caused by, 879t
wheezing and, 992f

in ear, 576
in eye, 576
in nose, 576
odor caused by retention of, 682
vaginal bleeding caused by, 954

Fourth heart sound, 459–460
FPIES. See Food protein-induced enterocolitis 

syndrome
Fragile X syndrome, 652
Frog-leg position, 335
Frovatriptan, 447t
FTT. See Failure to thrive
Functional abdominal pain, 14, 19–20
Fungal infections, 641t, 643
Fungi, splenomegaly and, 871
Fungicidal agents, 35–36
FUO. See Fever of unknown origin
Furosemide, 518t
Fusion beats, 100

G
Gait, 626, 627t
Galactosemia, 585–586
Ganglioneuroblastoma, 193
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Gram-positive bacteria, 682
Grief, 168
Griseofulvin, 35–36
Growing pains, 280–281, 601
Growth and development

sleep and, 828t
temper tantrums and, 929

Growth curves, 822
Growth delay, 819
Growth hormone defi ciency, 819
Growth patterns, 819
Guaifenesin, 140
Guanfacine, 940
Guillain-Barré syndrome, 179

ataxia caused by, 81
treatment of, 83
weakness caused by, 335

Gynecomastia, 725

H
Habits, rigid, 904b
Haemophilus infl uenzae type b, 349, 354, 620
Hair

excess. See Hirsutism
growth of, 27
loss of, 27. See also Alopecia
pulling and twisting of, 815

Hairball, 33, 815
Hair follicle, 523–524
Hair shaft anomalies, 29–30
Hair tourniquet, 576
Halitosis, 679, 681–682
Hallux valgus, 388–389, 389f
Haloperidol, 941
Hammer toe, 389, 389f
Hand fl apping, 815
Hartnup syndrome, 176
Headaches

acute and recurrent, 443
algorithm for, 446f
analgesic overuse as cause of, 448
chronic nonprogressive, 443–444
chronic progressive, 443
clinical approach to, 443–449
disability caused by, 444–445
imaging of, 445
migraine

irritability and, 571
principles of, 445–448
prophylaxis for, 447b, 447–448
syncope and, 924
triptans for, 447, 447t
vertigo caused by, 82, 217

physical examination of, 445
principles of, 448–449
prognosis for, 449
referral for, 449
sleep-related, 853
tension type, 443–444, 448

sexual decision making, 428–429
social well-being, 426
societal stigma associated with, 415
transition care

female-to-male hormone treatment, 
434–435

hormone therapy, 433–435
male-to-female hormone treatment, 434
overview of, 430–432
pubertal suppression, 432–433

validation, 426–427
Gender identity, 410
Gender identity disorder, 411
Gender nonconforming, 409, 422
Gender role, 409
Generalized anxiety disorder, 64t
Generalized edema, 258
Generalized lymphadenopathy, 356
Genetic factors

abdominal distention and, 2
epistaxis and, 266
hearing loss and, 453
hepatomegaly and, 492
hypertension and, 507
hypotonia and, 551–552
microcephaly and, 666b, 666–668
tics and, 937

Genital irritation, 814
Genitourinary tract malformation, 4
Genu valgum, 380–381. See also Knock-knees
Genu varum, 380
GER. See Gastroesophageal refl ux
Giant vascular malformations, 696
Giardia lamblia, 190
Gilbert syndrome, 584, 587
Girls

blood pressure levels, 498f, 503t–506t
prepubertal

vaginal bleeding in, 953–954
vaginal discharge in, 963–965

puberty in, 723–727
short stature in, 822

Global developmental delay, 551
Glomerular hematuria, 474
Glossoptosis, 230
Glottic web, 884f
Glottis, 882f, 884f
Glucocorticoids, 821
Glucophage, 535
�-Glutamyltransferase, 591
Gluten-sensitive enteropathy, 173, 820
Glycogen storage diseases, 557
Glycosuria, 703
Glycosylation, 195
Goldenhar syndrome, 291
Gonadarche, 723
Gonorrhea, 767
Goodpasture syndrome, 482
Gottron papules, 277, 625
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Hemoglobin
deoxygenated, 147
values for, 48t

Hemoglobin F, 156
Hemoglobin oxygen saturation, 145–146
Hemolysis, 583
Hemolytic anemia, 56
Hemolytic-uremic syndrome, 180, 696
Hemoptysis

diagnostic testing for, 485–486
diff erential diagnosis of, 483, 484t
etiology of, 480–483, 481t
history taking for, 483–484
pathogenesis of, 479–480
physical examination for, 484–485
referral for, 487

Hemorrhagic disease of newborn, 397
Hemorrhagic stroke, 79
Henoch-Schönlein purpura, 277

description of, 696
joint pain, 599
scrotal swelling and, 790–791

Hepatitis, 588–589
Hepatoblastoma, 8
Hepatomegaly

defi nition of, 489
diagnostic testing for, 492
diff erential diagnosis of, 489–492, 490b
history taking for, 492
management of, 492–493
palpable liver and, 489, 490b
physical examination for, 492

Hepatorenal tyrosinemia, 586
Hereditary hemorrhagic telangiectasia, 266, 400, 484
Hereditary sensorimotor neuropathies, 555
Hereditary spherocytosis, 57
Hernia, 791–793, 792f
Herpes simplex virus

conjunctivitis caused by, 766
description of, 740f

Herpes zoster, 741f
Heterosexual precocious puberty, 728, 729b, 730
Hip dysplasia, congenital, 623, 623f
Hip joint, 627
Hirschsprung disease

constipation caused by, 122–123, 126
description of, 123–124
diarrhea caused by, 179, 187, 190

Hirsutism
cosmetic removal methods for, 534
defi nition of, 523
electrolysis for, 534
evaluation of, 525, 525b
idiopathic, 533
modifi ed Ferriman-Gallwey scoring system for, 

532, 532f
oral contraceptive pills for, 533–534
referral for, 535
treatment of, 533–535

Head banging, 811–812, 815
Head injuries

irritability and, 569–571
syncope and, 924

HEADSS assessment, 41, 418, 889
Hearing aids, 455
Hearing loss

identifi cation of, 454–455
normal hearing versus, 452f–453f
parental concerns and, 455t
signs and symptoms of, 453–454
speech development aff ected by, 455t

Heartbeat
normal rhythm variation, 98
premature, 98–100

Heart disease
cyanotic

congenital cyanotic heart disease, 151–152
description of, 151
hypoplastic left heart syndrome, 153–154
right ventricular outfl ow tract abnormalities, 

152–153
tetralogy of Fallot, 152
total anomalous pulmonary venous return, 

152, 154
transposition of the great arteries, 

152–154
tricuspid valve abnormalities, 153

dyspnea caused by, 240
hepatomegaly and, 491
management of, 260

Heart murmurs
cardiac evaluation and, 461–463, 462b
evaluation of, 463t, 463–468
holosystolic, 464
innocent, 468
patient evaluation for, 461
referral for, 468

Heart sounds, 459–460
Height

hypertension and, 498, 498f, 499t–502t
short stature, 819–824

Heiner syndrome, 482
Hemangiomas

gastrointestinal bleeding caused by, 400
stridor and, 880
stridor caused by, 879t

Hematemesis, 395, 484t
Hematochezia, 395–396
Hematocrit, 48t
Hematologic diseases and disorders

dyspnea caused by, 240–241
edema caused by, 258
splenomegaly and, 871

Hematuria
macroscopic, 471f–472f, 471–475
microscopic, 472b, 475f, 475–476
referral for, 476

Hemochromatosis, neonatal, 586
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Hypercalciuria
dysuria caused by, 252
microhematuria caused by, 476

Hyperextension test, 90f
Hyperhidrosis, 549–550
Hyper-IgM syndrome, 751t
Hypermobility syndrome, 601
Hyperoxia test, 149, 157
Hypertension. See also Blood pressure

antihypertensive drugs and, 514–516, 515t
athletic participation by children with, 516
blood pressure regulation and, 511
body size and, 498, 498f, 499t–502t, 514
causes of, 507–509, 508b
defi nition of, 497
diagnostic evaluation for, 511–514, 512f, 513b
exercise guidelines for adolescents with, 519t
factors infl uencing, 497, 507
primary, 507–508
referral for, 518
secondary, 508–509
treatment of, 514–516

Hypertensive emergencies, 516–517, 518t
Hypertensive urgency, 518, 518t
Hypertrichosis

causes of, 526b
classifi cation of, 526
congenital generalized, 526
defi nition of, 523
lumbosacral, 526
prepubertal, 526
presentation of, 525–526
sexual hair versus, 525–526
treatment of, 527

Hypertrophic cardiomyopathy
chest pain caused by, 115t
syncope and, 923

Hypertrophic pyloric stenosis, 573
Hyperventilation

chest pain caused by, 115t, 117
syncope and, 922

Hyphema, 773, 773f
Hypnagogic hallucinations, 676
Hypoestrogenic amenorrhea, 44
Hypoglycemia

dizziness caused by, 215
irritability and, 574

Hypoplasia, 292
Hypoplastic left heart syndrome, 153–154
Hypospadias, 297
Hypothalamic-pituitary-adrenal axis, 527
Hypothalamic-pituitary-gonadal axis, 530
Hypothalamic-pituitary-ovarian axis, 41, 

953–955
Hypothyroidism

description of, 9
fatigue caused by, 331, 336
hypotonia and, 552
short stature and, 821

Histiocytic necrotizing lymphadenitis, 363
Histoplasmosis, 871
HIV, 749
Hives, 721
Hoarseness

causes of, 539
defi nition of, 539
diagnostic testing for, 543–544
diff erential diagnosis of, 539–543, 

540b–541b
history taking, 542–543
management of, 544–546
physical examination for, 543

Holosystolic murmurs, 464, 465f
Holter monitors, 926
Hordeola, 764
Hospitalization

abdominal distention, 10
abdominal pain, 24
anemia, 61
back pain, 94
cardiac arrhythmias, 109
chest pain, 113b, 117
constipation, 131
cough, 142
diarrhea, 197
dizziness, 220
dysmenorrhea, 224
dysphagia, 233–234
edema, 261
epistaxis, 273
failure to thrive, 312
vertigo, 220

HSV. See Herpes simplex virus
Human immunodefi ciency virus. See HIV
Human papillomavirus, 770
Humoral immunodefi ciencies, 750–753, 751t
Hurler syndrome, 651
Hydralazine, 518t
Hydrocele, 791–793, 792f
Hydrocephalus

description of, 649–651, 650b
stridor and, 878

Hydrometrocolpos, 7–8
Hydroxyzine, 720
Hyperandrogenism

adrenal, 527–529
defi nition of, 523
gonadal

in adolescents, 530–533
in children, 530
in infants, 529
precocious puberty, 529

ovarian, 531
Hyperbilirubinemia

conjugated, 581, 583b, 584–585, 588b, 
588–589

defi nition of, 581
unconjugated, 582–584, 583b, 587, 588b



Index1012

Indirect laryngoscopy, 543
Individual Education Plan, 614
Individuals with Disabilities Education Act, 614
Indomethacin, 706
Infant(s). See also Premature infants

anorexia in, 635b
arrhythmias in, 103
back pain in, 86, 88–89, 93
blood pressure in, 509–511
botulism in, 556, 571
caloric intake in, 979
constipation in, 125–127
cyanosis in, 156–158
development of, 841
diarrhea in

acute, 179–180
chronic, 185–196
description of, 980

diff use pulmonary hemorrhage in, 486
dysphagia and, 230
fatigue in, 330
fever in, 350, 354
gastrointestinal bleeding in, 398–400, 401b
gonadal hyperandrogenism in, 529
hearing loss in, 451–457
hoarseness in, 539, 541b, 541–542
hypertension in, 508b
hypotonia in, 335, 556
irritability and, 569–571, 576–578
jaundice in, 582–587
language development in, 860t–861t
night feeding of, 841
progressive spinal muscular atrophy, 554, 

554t
rashes in, 744b–745b
sleep myoclonus in, 675–676
syncope in, 674
vaginal discharge in, 963
vomiting in, 971, 980
weight gain, 303–304
weight loss, 980

Infantile hypertrophic pyloric stenosis, 767
Infection, recurrent

diagnostic testing for, 754–755
immune disorders and, 747–748
patient history and examination for, 754
primary immunodefi ciencies and, 749–754, 

750t
referrals for, 756b
secondary immunodefi ciencies and, 748–749, 749t
splenomegaly and, 870–871
susceptibility to, 748
treatment of, 755–756

Infi ltrative disorders
hepatomegaly and, 491
splenomegaly and, 871

Infl ammation
chronic, 54–55
hoarseness and, 545–546

Hypotonia
causes of, 552–557
defi nition of, 551
diagnostic testing for, 553–554
history taking, 552–553
physical examination for, 553
referral for, 557

Hypoventilation, 149
Hypoxemia

defi nition of, 147
hypoventilation-induced, 149

Hypoxia, 147

I
Iatrogenic Cushing syndrome, 821
IBD. See Infl ammatory bowel disease
Ibuprofen, 222
IDEA. See Individuals with Disabilities Education Act
Identity issues. See Gender expression and identity 

issues
Idiopathic hirsutism, 533
Idiopathic hypersomnia, 849
Idiopathic intestinal pseudoobstruction, 194
Idiopathic short stature, 821–822
IgA defi ciency, 751t
IgG subclass defi ciency, 751t
Illness anxiety disorder, 659t
Imiglucerase, 493
Immunodefi ciencies

combined, 752t, 752–753
diagnostic testing for, 754–755, 755t
diarrhea and, 193
history taking, 754
physical examination for, 754
primary, 749–754
recurrent infections and, 747
secondary, 748–749, 749t
treatment of, 755–756

Immunoglobulin A nephropathy, 474
Inattention and impulsivity

in adolescents, 567b
anxiety and, 562t
assessment of, 560–561
in attention-defi cit/hyperactivity disorder, 

559–560, 562t
conditions co-occurring with, 562t–563t
fi ndings suggestive of, 559, 560b
healthy habits and, 564
identifi cation of, 560
initial interventions for, 564–566, 565b
parental involvement, 564
plan of care for, 561–567
psychoeducation for, 563
psychosocial screening of, 561t
resources for, 566
specialist involvement for, 566
stress reduction for, 564
tools for identifying, 560

Inborn errors of metabolism, 575
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J
Jaundice

bile acid metabolism defects as cause of, 587
bilirubin metabolism and, 581–582
diagnosis of, 590–592
diff erential diagnosis of, 582, 583b
history taking for, 589–590
management of, 592
metabolic disorders that cause, 585–586
obstructive, 586–587
physical examination for, 590
systemic illnesses that cause, 585

Jervell and Lange-Nielsen syndrome, 108, 923
Job syndrome, 753t
Joint Committee on Infant Hearing, 454
Joint pain

defi nition of, 597
diff erential diagnosis of, 597–602
etiology of, 597
evaluation for, 602
referral for, 603–604
treatment of, 602–603

Juvenile dermatomyositis, 598, 625
Juvenile idiopathic arthritis, 624

description of, 598
fatigue caused by, 331

Juvenile nasopharyngeal angiofi broma, 265
Juvenile polyposis coli, 399
Juvenile polyps, 398

K
Kasabach-Merritt syndrome, 491, 696
Kawasaki disease

conjunctivitis associated with, 771
irritability and, 572

Kidney, multicystic, 7
Kiesselbach plexus, 264
Kikuchi-Fujimoto disease, 363
Kleine-Levin syndrome, 853
Knee joint, 627–628
Knock-knees, 380–383, 382f
Korotkoff  sounds, 510
Kussmaul breathing, 241
Kyphosis, 92

L
Labetalol, 518t
Labial adhesions, 251
Labyrinthitis, 82
Lactic acidosis, 535
Language development

delays in
diff erential diagnosis of, 866
prognosis for, 867
risk factors for, 859–863, 861t–862t

description of, 859
environmental factors that aff ect, 860
milestones in, 860t
screening of, 863, 864t

Infl ammatory bowel disease
diarrhea caused by, 196
fatigue caused by, 333
gastrointestinal bleeding caused by, 400
short stature caused by, 820

Infl ammatory diseases
fatigue caused by, 331–332
hepatomegaly and, 490–491
lymphadenopathy and, 643
splenomegaly and, 871–872

Inguinal hernia
description of, 791–793, 792f
irritability and, 573

Inguinal ring, 794f
Innocent murmurs, 461, 467t, 468
Insomnia, primary, 839–840
Insulin-like growth factor 1, 823
Insulin resistance, 531
Intellectual and developmental disabilities, 

self-injurious behavior in children with, 
799, 804–805

Intermittent ataxia, 79b
Internal tibial torsion, 377, 378f
Interstitial hydrostatic pressure, 257
Intestinal lymphangiectasia, 191–192
Intestinal pseudoobstruction, idiopathic, 194
Intestine(s)

disorders of, 980
malrotation of, irritability and, 573
obstruction of, 4–6

Intra-atrial re-entrant tachycardia, 104
Intracranial pressure, increased

ataxia and, 79
irritability and, 571

Intrathoracic airway obstruction, 987
Intraventricular hemorrhage, 650
Intussusception

gastrointestinal bleeding caused by, 399
irritability and, 572–573

Inversion, 373b
IPEX syndrome, 194
Iritis, 773
Iron defi ciency

breath-holding spells and, 933
microcytic anemia caused by, 48–50, 

52–53
sleep disturbance and, 847

Iron defi ciency anemia, 55
Irritability

acute, 569–575, 570f
causes of, 569–575, 576–578
chronic, 570f, 576–578

Irritable bowel syndrome, 177, 196
Irritants, dysuria caused by, 251
Isoimmune hemolytic anemia, 58
Isometric exercises, 927
Isosexual precocious puberty, 728b, 

729–730
Itch, 719–721
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Leg-length discrepancy, 86–87
Lesch-Nyhan syndrome, 815
Let-down refl ex, 979
Leukemia, 622
Leukocyte adhesion defect, 753t
Leydig cell tumors, 794
Lichenifi cation, 742
Limit-setting disorder, 838–839
Limp

antinuclear antibody testing of, 629
bone scintigraphy of, 630
computed tomography of, 630
diff erential diagnosis of, 619–625
diskitis as cause of, 621
evaluation of, 625–630
gait examination in, 626, 627t
general examination of, 629
history taking for, 625–626
imaging of, 630
infectious causes of, 620–621
infl ammatory diseases as cause of, 624–625
joint examination in, 626–629
laboratory testing of, 629–630
Legg-Calvé-Perthes disease as cause of, 619, 

620f
magnetic resonance imaging of, 630
malignancies as cause of, 622
musculoskeletal examination in, 626–629
neuromuscular disorders as cause of, 625
osteochondritis dissecans as cause of, 619
osteomyelitis as cause of, 621
physical examination of, 626
radiographs of, 630
referral for, 630–631
skeletal anomalies as cause of, 623–624
trauma as cause of, 619
ultrasound of, 630
vascular causes of, 619

Little League elbow, 281
Liver

bilirubin transport defects, 589
biopsy of, 591–592
enlargement of. See Hepatomegaly
palpation of, 489
transplantation of, 592

Liver disease
edema caused by, 259
jaundice and, 588–589

Liver span, 489
Long-chain triglycerides, 175
Long QT syndrome, 108
Loose anagen syndrome, 30
Lower airways diseases, 150
Lower gastrointestinal bleeding, 398–400, 401b, 

402, 405–406
Lumbar puncture, for febrile seizure, 345
Lumbosacral hypertrichosis, 526
Lupus erythematosus, 36–37
Luteinizing hormone, 954

Language disorders
description of, 863, 865
diff erential diagnosis of, 866
prevalence of, 859
prognosis for, 867
referral for, 866
treatment of, 866–867

Lanugo, 27, 523
Laryngeal clefts, 539, 545
Laryngeal papilloma, 884f
Laryngeal papillomatosis, 879t
Laryngeal saccular cysts, 541, 545
Laryngeal trauma, 546
Laryngeal webs

hoarseness and, 539, 541
stridor caused by, 879t

Laryngitis, 545–546
Laryngomalacia, 878, 879t, 880, 884f
Laryngopharyngeal refl ux, 541–542
Laryngoscopy, 544, 882f–883f
Laryngotracheobronchitis, 545–546
Larynx, 882f–883f, 884f
Lateral collateral ligament, 628
Laxatives, 127–128, 129t, 130
Lead poisoning, 54
Learning diffi  culties

in adolescents, 612
assessment of, 611–613
background on, 607
causes of, 608–611
conditions co-occurring with, 610t–611t
developmental problems as cause of, 609
fi ndings suggestive of, 608t
homework battles, 614b
initial interventions for, 614
lack of school readiness as cause of, 608, 

609b
medical problems as cause of, 609
mental health problems as cause of, 609
plan of care for, 613–615
primary care physician’s role in, 607
recognition of, 607, 608b
resources for, 614
signifi cance of, 607
specialist involvement in, 614
stress reduction for, 613–614
symptoms of, 608b

Learning disabilities, 68t, 165t, 207t, 562t, 611, 
865, 892t

Learning problems, sleep-related symptoms of, 
851

Leg disorders
bowed legs, 380–383, 382f
femoral torsion deformities, 378–380
knock-knees, 380–383, 382f
terminology, 373b
tibial torsion, 376–378

Legg-Calvé-Perthes disease, 277, 283, 619, 
620f
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Malocclusion, 813
Malrotation, with secondary midgut volvulus, 

972
Maltreatment, 165t
Marfan syndrome, 92, 114, 288, 295, 601
Masturbation, 813–814
McBurney point, 13
McMurray test, 628
Mean corpuscular hemoglobin, 60
Mean corpuscular volume, 47, 48t, 60
Meatal stenosis, 251
Meckel diverticulum, 399
Meckel scan, 406
Medial collateral ligament, 628
Medial meniscus, 628
Mediastinal masses, 643b
Medically unexplained symptoms

abdominal pain, 658
assessment of, 660–661, 661b
background for, 657
classifi cation of, 659t–660t, 659–660
epidemiology of, 658
etiology of, 658
interventions for, 662t
management of, 661–662
prognosis for, 663
risk factors for, 658b

Medications. See also specifi c medication
abdominal pain managed using, 23
irritability and, 575
sleep aff ected by, 851

Medium-chain triglycerides, 175, 592
Mefenamic acid, 222
Megalencephaly, 649, 650b, 651–652
Menarche, 39–40
Ménière disease, 218
Meningitis, 345, 747
Menstrual cycle, 954
Menstruation, 39
Metabolic disorders

description of, 124, 241, 682, 683t–684t
hypotonia and, 552

Metabolic syndrome, 507
Metabolism, bilirubin, 581–582
Metatarsus adductus, 371, 374–376
Metatarsus varus, 374, 376, 383
Methemoglobinemia, 155, 574
Methotrexate, 602
Microcephaly

causes of, 666b
defi nition of, 665–666
description of, 665, 668
diff erential diagnosis of, 666–668
evaluation of, 668–670
management of, 670
referral for, 670

Microcytic anemia
causes of, 52t
diagnostic approach to, 49f

Lyme disease, 599
Lymphadenopathy

age-based incidence of, 639t
diagnostic testing for, 643–645
diff erential diagnosis of, 640–643
etiology of, 638t–640t
evaluation of, 646t
history taking for, 643–644
infectious, 644–645, 647–648
physical examination for, 643–644
referral for, 648
treatment of, 647–648

Lymphatic system, 637, 640
Lymph nodes

disease origin in, 638t
of head and neck, 638f

Lymphonodular hyperplasia, 399

M
Macrocephaly

causes of, 650b
defi nition of, 649
diagnostic testing for, 654
diff erential diagnosis of, 649–652
management of, 654
patient history and examination for, 652–653, 

653b
referral for, 654–655

Macrocytic anemia, 52t, 57
Macroscopic hematuria, 471–475
Macules

café au lait, 735f
defi nition of, 734

Magnesium, 223
Magnetic resonance cholangiopancreatography, 591
Major depressive disorder. See also Depression

diagnostic criteria for, 164b
DSM-5 criteria for, 164b
prevalence of, 161
psychopharmacologic treatment of, 171t

Malabsorption
diarrhea and, 176, 184
syndromes, 173, 188–189
weight loss caused by, 980

Male-pattern alopecia, 524
Malformations

defi nition of, 287–289
Pierre Robin sequence of, 288

Malignancies. See also Neoplasia; Neoplasms; Tumor(s)
fatigue caused by, 332
irritability associated with, 575
limp caused by, 622
petechiae and purpura caused by, 696
weight loss and, 981

Mallet toe, 389, 389f
Mallory-Weiss tear, 398
Malnutrition

protracted diarrhea and, 187
secondary immunodefi ciency and, 749



Index1016

Myoneural junction disorders, 555–556
Myopathies, 556–557
Myotonic dystrophy, 556
Myxedema, 260

N
Nail biting, 812–813
Naratriptan, 447t
Narcolepsy, 676–677, 849
Nasal hemangioma, 265
Nasogastric tubes, 404
Nasolacrimal duct obstruction, 767
Nasopharyngeal carcinoma, 265
National Association for the Education of Young 

Children, 911
National Center for Health Statistics, 302
National Health and Nutrition Examination 

Survey, 39
National Health Examination Survey, 39
Necrotizing enterocolitis

gastrointestinal bleeding and, 397
irritability and, 573

Neisseria gonorrhoeae, 599, 968
Neisseria meningitidis, 599
Neonatal cholestasis, 584
Neonatal drug abstinence syndrome, 195
Neonatal hemochromatosis, 586
Neonate. See also Newborn

botulism in, 556, 571
diff use pulmonary hemorrhage in, 486
gastrointestinal bleeding in, 397, 401b
hemoptysis in, 486–487
hoarseness in, 539, 541b, 541–542
hypertension in, 508b
hypotonia in, 335, 556
irritability in, 569–571
jaundice in, 582–587
measuring blood pressure of, 509–511
rashes in, 742b–743b
sleep myoclonus in, 675–676
testicular torsion in, 789
vaginal discharge in, 963
vomiting in, 971

Neoplasia. See also Malignancies
hoarseness and, 545
lymphadenopathy and, 643, 648

Neoplasms. See also Malignancies
epistaxis caused by, 265
extremity pain caused by, 285
torticollis and, 949

Nephrogenic diabetes insipidus, 702, 705–706
Neurocardiogenic syncope, 919
Neurocutaneous syndromes, 652
Neurofi bromas, 736f
Neurofi bromatosis, 735f, 736f
Neurogenic diabetes insipidus, 702
Neuroleptics, 941
Neurologic disorders, sleep-related symptoms of, 

851, 853
Neurotransmitters, 971

iron defi ciency as cause of, 48–50, 52–53
lead poisoning as cause of, 54
thalassemias as cause of, 53–54

Micrognathia, 230
Microscopic hematuria

causes of, 472b
description of, 471, 475–476
evaluation of, 475f

Microthrombi, 239
Microvillus inclusion disease, 194
Middle-ear disease, 215
Midodrine, 927
Midsystolic apical click, 460
Migraine headaches

irritability and, 571
principles of, 445–448
prophylaxis for, 447b, 447–448
syncope and, 924
triptans for, 447, 447t
vertigo caused by, 82, 217

Milk allergy, 398
Miller-Dieker syndrome, 667
Minoxidil, 518t
Mitochondrial encephalomyopathies, 557
Mitral valve prolapse, 116
Mobitz type I block, 106
Mobitz type II block, 106
Modifi ed Overt Aggression Scale, 204
Monilethrix, 30–31
Mononucleosis, infectious

fatigue caused by, 333
splenomegaly and, 871

Motivational interviewing, 895, 897t
Motor ataxia, 81
Motor tics, 935
Motor unit disorders, 554–557
Mouth odor, 681–682
Mucolytic agents, 141
Multiple suture craniosynostosis, 668
Mumps orchitis, 791
Münchausen syndrome by proxy, 483
Murmurs

cardiac evaluation and, 461–463
evaluation of, 463t, 463–468
holosystolic, 464
innocent, 468
patient evaluation for, 461
referral for, 468

Muscle biopsies, 554
Muscular dystrophy, 625

Duchenne, 556
facioscapulohumeral, 557
hypotonia and, 556

Muscular torticollis, 947, 950–951
Mutational voice disorder, 542
Myasthenia gravis, 335, 555–556
Mycoplasma pneumonia, 333
Myocarditis, 115t, 116
Myoclonus, 675–676

Microcytic anemia (continued)
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knock-knees and, 381
metabolic syndrome and, 497, 507

Obsessive-compulsive behaviors, 815
Obsessive-compulsive disorder

characteristics of, 64t
description of, 936–937, 941
treatment of, 67, 69

Obstruction
airway

distal, 987
intrathoracic, 987
stridor and, 877
wheezing and, 987–989, 991f

biliary
hepatomegaly and, 492
jaundice and, 589

Obstructive jaundice, 586–587
Obstructive pulmonary disease, 237, 238b
Octreotide, 405
Ocular myositis, 774
Ocular torticollis, 948
ODD. See Oppositional defi ant disorder
Odor

body
causes of, 681–687, 683t–687t
diff erential diagnosis of, 681–682
physical examination of, 680

conditions associated with, 686t–687t
foot, 682
infection as cause of, 685t–686t
urine

causes of, 682, 685
diff erential diagnosis of, 681–682
metabolic abnormalities as cause of, 682, 

683t
physical examination of, 682

Oligohydramnios, 2
Oncotic pressure, 255–257
Opitz syndrome, 292
Opportunistic infections, 747–748
Oppositional defi ant disorder, 165t, 203, 204b, 

209, 212, 563t, 611t
Oral contraceptive pills, 223, 533–534
Oral hygiene, 682
Oral motor therapy, 233
Orbital cellulitis, 761–763, 763f
Orchitis, 790
Ornithine decarboxylase, 534
Orthopedics, 372, 373b
Orthostatic hypotension, 921
Orthostatic proteinuria, 711–712
Osgood-Schlatter disease, 284, 601
Osler-Weber-Rendu disease, 266, 272, 

400
Osmidrosis axillae, 681
Osmotic diuresis, 703
Osteochondritis dissecans, 283–284, 

619
Osteochondroses, 283–284
Osteoid osteoma, 93, 285, 622, 622f

Newborn. See also Infant(s); Neonate
anemia and, 50f, 57–59
bacterial infections in, 350
cardiac arrhythmias and, 99, 105
congenital cyanotic heart disease screening in, 

157–158
conjunctivitis in, 767
cyanosis in, 156–158
diarrhea in, 179, 195
dysmorphism and, 289–292
fever in, 350
hemorrhagic disease of, 397
language development in, 860t–861t
persistent pulmonary hypertension of the, 157
tympanitic abdomen in, 4–6

Nicardipine, 518t
Nifedipine, 518t
Nightmare disorder, 846–847
Night terrors, 577, 676
Nighttime pruritus, 953
Night waking, 841–842
Nodding spasms, 948
Nodules, 734
Nonconvulsive periodic disorders, 673–677
Nonconvulsive status epilepticus, 571
Nonpathological proteinuria, 711–712
Nonsteroidal anti-infl ammatory drugs, 222
Nonsuicidal self-injury

defi nition of, 799
diagnostic approach to, 802
dialectal behavior therapy for, 804
epidemiology of, 800
evaluation of, 801
function of, 800–801
gender and, 800
hospitalization for, 806
management of, 804–805
ongoing care for, 805
referral for, 802–803, 805
risk assessment for, 802–803
self-injurious behavior versus, 801
signs and symptoms of, 802
suicide attempts versus, 802
treatment of, 804–805

Noonan syndrome
description of, 292, 294f, 295
short stature and, 820

Normocephaly, 291
Normocytic anemia

causes of, 54–56
characteristics of, 52t
evaluation of, 56–57

Nucleated red blood cells, 52b
Nutrition disorders, short stature caused by, 820
Nylan-Barany test, 218

O
Obesity

dyspnea caused by, 241
hypertension and, 498, 514
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evaluation of, 275–279
history taking, 275–276
laboratory examination and, 277–278
physical examination of, 276–277
terminology associated with, 275

joint
defi nition of, 597
diff erential diagnosis of, 597–602
etiology of, 597
evaluation for, 602
referral for, 603–604
treatment of, 602–603

Palilalia, 935
Pallid breath-holding spells, 673, 933
Pallor, 47, 59
Palmoplantar hyperhidrosis, 549–550
PANDAS, 936–937
Panic attacks, 67, 72
Panic disorder, 64t
Pansystolic murmurs, 465f
Papules, 734, 740f
Papulopustules, 736f
Paradoxical vocal fold dysfunction, 542
Paralytic ileus, 6
Parasites, 190
Parasomnias, 843–846
Parenchymal lung disease, 148
Parent(s). See also Family

amenorrhea diagnosis and, 41
anxiety in, 67, 72
authoritative role of, 319
breath-holding spells, 932–934
characteristics of, 318–319
constipation and, 121, 127–128
disruptive behavior and aggression management 

by, 209–210
dysfunction patterns, 319–320
dysmorphism and, 298
of gender nonconforming children, 435–436, 

436b
inattention and impulsivity managed by, 

564
over-involved, 320
school refusal and, 777–778
sleep disturbance and, 834
temper tantrums and, 930–931
uninvolved, 320

Parenteral diarrhea, 179
Parenteral nutrition, 585
Parenting

evidence-based programs for, 212t
styles of, 318–319

Parietal pain, 13
Patches, 734, 735f
Patellofemoral pain syndrome, 601
Patent ductus arteriosus, 151
Pathological proteinuria, 712–713, 713t
Pathologic gastroesophageal refl ux, 972
PCOS. See Polycystic ovary syndrome

Osteomyelitis
description of, 86, 93, 572
extremity pain caused by, 284–285
joint pain and, 599
limp caused by, 621

Osteosarcoma, 622
Otitis media

irritability and, 576
recurrent, 748

Ottawa ankle criteria, 278, 278b
Ovarian hyperandrogenism, 531
Overnight sleep study, 836
Overuse syndromes, 281–282
Oxygen delivery, 147–148
Oxygen transport, 147–148
Oxyhemoglobin saturation, 145, 147

P
Pacemaker malfunction, 923
Pain

abdominal
acute, 13, 15, 16b
causes of, 17b
characteristics of, 13, 18–21
children and, 13, 18–21
chronic, 18
diagnosis of, 15b, 16b
diff erential diagnosis of, 15–18, 16b
evaluation of, 18–21, 19f
functional, 14, 19–20
history taking, 18–20
hospitalization for, 24
laboratory evaluation of, 20–21, 21b
medically unexplained symptoms, 658
physical examination for, 20
referral for, 23–24
treatment for, 21–23

back
chronic causes of, 87
diagnosis of, 86–87, 87t
epidemiology of, 85
evaluation of, 88–92
management of, 92–94
psychosocial considerations of, 87–88
referrals for, 94

chest
causes of, 114–117, 115t
diagnosis of, 111
evaluation of, 112–113
exercise-induced, 114, 115t
history and, 112–113
idiopathic causes of, 116–117
laboratory evaluation and, 113
pathophysiologic features of, 111–112
psychogenic, 117
referred, 111
symptoms of, 113b, 115t

extremities
diagnosis of, 279b–280b, 279–285
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Pneumonia
chest pain caused by, 115t
Mycoplasma, 333
recurrent, 748

Pneumoperitoneum, 6
Pneumothorax

chest pain caused by, 115t
spontaneous, 114, 115t

Point of maximal impulse, 462
Poisoning

carbon monoxide, 574
lead, 54

Poison ivy, 740f
Polycystic ovary syndrome

in adolescents, 530–535
glucophage for, 535
insulin resistance in, 531
laboratory evaluation of, 44, 533
physical examination of, 532
premature adrenarche risks, 529
treatment of, 533–535

Polydactyly, 295, 389f, 390
Polydipsia, 699, 705

psychogenic, 703
Polyethylene glycol, 129–130
Polyhydramnios, 2
Polyps

description of, 398–399
gastrointestinal bleeding caused by, 

398–399
Polyuria

defi nition of, 699
diagnostic testing for, 703–706, 704t
diff erential diagnosis of, 700–703, 701b
evaluation of, 703–706
management of, 705–706
pathophysiologic features of, 699–700, 700f
referral for, 705, 707

Port wine stain, 735f, 763
Post-concussive syndrome, 571, 577
Posterior drawer test, 628
Postpubertal vaginal secretions, 681
Post-traumatic stress disorder, 64t, 67, 69
Postural hypotension, 674
Postural kyphosis, 92
Postural orthostasis tachycardia syndrome, 921
Postural proteinuria, 711–712
Postural syncope, 920
Posture, 232–233
Poverty, weight loss and, 981
Prader-Willi syndrome

description of, 815
hypotonia and, 551

Pragmatic defi cits, 865
Precocious puberty

causes of, 729b
central, 530, 728
diagnostic testing for, 730b
gonadotropin-dependent, 529

Pediatric Symptom Checklist, 205t
PEG. See Polyethylene glycol
Pelvic examination, 43, 222, 224
Pelvic infl ammatory disease

description of, 223–224
dysuria caused by, 252

Peppermint oil, 23
Peptic ulcer disease, 400
Pericarditis, 115t, 116
Perihepatitis, 17
Perilymph fi stula, 217
Perinatal asphyxia, 668
Period (menstrual), 954
Periodic fever, aphthous stomatitis, pharyngitis, 

and cervical adenopathy, 363, 366
Periodic fever syndrome, 362
Periodic limb movements, 847
Periorbital edema, 258
Peripheral cyanosis, 146–147
Peripheral nerve disorders, 555
Peripheral puberty, 728
Persistent pulmonary hypertension of the 

newborn, 157
Pertussis, 150
Pes, 373b
Pes cavus, 387–388
Petechiae

description of, 691–696
evaluation of, 691–693, 692f

Phagocytic immunodefi ciencies, 753, 753t
Phentolamine, 518t
Phlyctenulosis, 769, 769f
Phobia, school, 776
Phonologic disorders, 866
Phonology, 865
Phonotrauma, 542, 546
Physical abuse, joint pain and, 601
Physiologic anemia of the newborn, 57
Physiologic leukorrhea, 967
Pierre Robin sequence, 230
Pigmented villonodular synovitis, 602
Pili torti, 31
Pimozide, 941
Pink eye. See Conjunctivitis
Pinworms, 953
Pitted keratolysis, 682
Plagiocephaly, 291
Plantar hyperhidrosis, 549
Planus, 373b
Plaque

description of, 734
scaling, 737f

Plasma volume, 257
Platelet disorders, 691–696
Play, 861t–862t
Pleural eff usion, 115t
Pleural pain, 112
Pleurodynia, 112
Pneumococcal vaccine, 349
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for depression, 167–168
description of, 8
for disruptive behavior and aggression, 208–209
for inattention and impulsivity, 563

Psychogenic chest pain, 115t
Psychogenic polydipsia, 703
Psychoneurotic truancy, 776
Psychosis, 68t, 892t
Psychosocial screening

for anxiety disorders, 64–65, 66t
for depression, 163t
for inattention and impulsivity, 561t

Pterygium colli, 948
Pubarche, 523, 527
Puberty

delayed
causes of, 726b
description of, 725–727
diagnostic testing for, 730b
referral for, 731

gynecomastia, 725
onset of, 724t
precocious

causes of, 729b
diagnostic testing for, 730b
referral for, 731

short stature and, 822
suppression of, 432–433

Pulmonary atresia with ventricular septal defect, 153
Pulmonary diseases and disorders

dyspnea caused by, 237–240
fatigue caused by, 332

Pulmonary function tests
cough and, 139
wheezing and, 991f

Pulmonary hemorrhage, 396
Pulmonary hemosiderosis, 482
Pulmonary hypertension, 459, 924
Pulmonary neoplasms, 482
Purpura

description of, 691–696
evaluation of, 691–693, 692f
Henoch-Schönlein

description of, 696
joint pain, 599
scrotal swelling and, 790–791

palpable, 692f
Pustules, 734, 739f
Pyknocytes, 51b

Q
QRS morphology, 99–100, 105
QT interval, 100, 108
Quickening, 290

R
Race, hypertension and, 507
Radiographs

abdominal distention evaluations, 9
back pain evaluations, 89

gonadotropin-independent, 529
referral for, 731

Precocious sexual hair growth, 729
Prednisone, 36
Pregnancy

dysmorphic feature, diagnostic questions about, 
289–290

dyspnea caused by, 241–242
Prehn sign, 790
Premature adrenarche, 527–529
Premature infants. See also Infant(s)

diff use pulmonary hemorrhage in, 486
gastrointestinal bleeding in, 397
hemoptysis in, 486–487
necrotizing enterocolitis in, 397

Premature ventricular contractions, 100
Prepubertal girls

vaginal bleeding in, 953–954
vaginal discharge in, 963–965

Prepubertal hypertrichosis, 526
Presenteeism, 444
Preseptal cellulitis, 761–763, 762f
Presyncope, 919
PRICEMMMS mnemonic, 93
Primary amenorrhea, 39, 43
Probiotics, 23
Problem solving, 169
Processus vaginalis, 792
Progressive familial intrahepatic cholestasis, 587
Projectile vomiting, 972
Prostaglandin E1, 152
Prostaglandin E2, 221
Prostaglandin F2�

, 221
Protein hypersensitivity, 190
Proteinuria

defi nition of, 709
diagnostic testing for, 709–711, 714, 715f
etiology of, 711–713
history taking for, 713
laboratory evaluation of, 709–711
management of, 714
pathophysiology of, 709
physical examination for, 713
prevalence of, 711
referral for, 716
renal biopsy and, 715b
warning signs of, 714b

Prothrombin time, 591
Pruritus, 719–721
Pseudo–fever of unknown origin, 362, 362b, 

366
Pseudomonas aeruginosa, 621
Pseudoprecocious puberty, 728
Psoriasis, 598, 737f
Psychiatric syncope, 922
Psychoactive substances, 887
Psychoeducation

for anxiety disorders, 70
for attention-defi cit/hyperactivity disorder, 563

Precocious puberty (continued)
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alopecia, 37
amenorrhea, 45
anemia, 61
anorexia nervosa, 636
arrhythmias, 109
back pain, 94
cardiac arrhythmias, 109
constipation, 131
cough, 142
delayed puberty, 731
diarrhea, 196–197
dizziness, 220
dysmenorrhea, 224
dysphagia, 233
dyspnea, 243
dysuria, 252
edema, 260
epistaxis, 272–273
extremity pain, 285
failure to thrive, 312
gender expression and identity issues, 

437–438
headaches, 449
heart murmurs, 468
hematuria, 476
hemoptysis, 487
hirsutism, 535
hypertension, 518
hypotonia, 557
joint pain, 603–604
language disorders, 866
limp, 630–631
lymphadenopathy, 648
macrocephaly, 654–655
mental health, 780b
microcephaly, 670
murmurs, 468
nonsuicidal self-injury, 802–803, 805
nosebleeds, 273
polyuria, 705, 707
precocious puberty, 731
proteinuria, 716
recurrent infection, 756b
scrotal swelling, 795
scrotal swelling and pain, 795
self-stimulating behaviors, 812, 816
short stature, 824
sleep disorders, 854
sleep disturbances, 854
speech disorders, 866
splenomegaly, 873
substance use, 897
tics, 942–943
torticollis, 951
vertigo, 220
vomiting, 976
weight loss, 984
wheezing, 996

Referred pain, 17, 111
abdomen and, 17

chest pain evaluations, 113
dysmorphism evaluations, 298
dysphagia evaluations, 230
dyspnea evaluations, 237
epistaxis evaluations, 267
extremity pain evaluations, 278, 278b
facial dysmorphism evaluations, 298
limp evaluations, 630
lymphadenopathy evaluations, 

643–644
wheezing evaluations, 992f–993f

Radioulnar synostosis, 295
Ramsay-Hunt syndrome, 218
Rash

appearance of, 734–737
color of, 740
crusting of, 741
diff erential diagnosis of, 742b–743b, 

744b–745b, 742–745
distribution of, 737, 739
examples of, 735f–737f
patient history and, 733–734
physical examination of, 734–737
scaling of, 742
secondary changes in, 741–742
types of, 734–737

Reactive arthritis, 600
Receptive language defi cits, 863
Recurrent respiratory papillomatosis, 542
Red blood cell(s), 47, 55–56
Red diaper syndrome, 396
Red eye

causes of, 760t
diff erential diagnosis of

allergic reactions, 764, 764f
blepharitis, 765, 769
capillary hemangiomas, 763, 763f
corneal abnormalities, 771–774
corneal abrasion, 771, 771f
episcleritis, 774
eyelid abnormalities, 761–765
eyelid tumors, 763, 763f
herpetic keratitis, 771
hordeola, 764
hyphema, 773, 773f
iritis, 773
ocular myositis, 774
orbital cellulitis, 761–763, 763f
preseptal cellulitis, 761–763, 762f
scleritis, 774
subconjunctival hemorrhage, 769–770, 

770f
trauma, 765
uveitis, 773
varicella-zoster virus, 771, 772f

history taking, 759–760
overview of, 759
physical examination of, 760–761

Referrals
abdominal pain, 23–24
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School refusal
child-related factors of, 777
defi nition of, 775
environmental factors of, 778
family-related factors of, 777
long-term sequelae of, 780t
management of, 778–779
parents and, 778–779, 781
prevalence of, 777
prevention of, 780–781
prognosis for, 779–780

Scintigraphy, 232
Scleritis, 774
Scoliosis, 89, 295, 852t
Scotch tape slide test, 953
“Scotty dog with a collar,” 90, 91f
Screen for Child Anxiety Related Disorders 2, 64
Screening

adolescent substance use, 890t
anxiety disorders, 64–65, 66t
auditory, 455
depression, 163, 163t
language development, 863, 864t
for sleep complaints, 831t–833t
substance use, 889–890, 890t

Scrotal skin disease, 791
Scrotum

anatomy of, 787f–788f
swelling of

causes of, 786b
diagnostic testing for, 785–786
evaluation of, 785–786
patient history and examination for, 785, 

792–793
referral for, 795
treatment of, 788–790
without pain, 791–795

Seal-like cough, 878
Seckel syndrome, 667
Secondary amenorrhea, 39, 43
Secondary hypertension, 508–509
Second heart sound, 459
Second impact syndrome, 571
Seizure(s)

benign neonatal sleep myoclonus versus, 676
febrile, 345
irritability and, 571
syncope and, 924

Selective mutism, 68t
Selective serotonin reuptake inhibitors, 170, 779, 

942
Self-biting, 815
Self-cutting, 802
Self-harm. See Self-injurious behavior
Self-injurious behavior. See also Nonsuicidal 

self-injury
analysis of, 803–804
in children with intellectual and development 

disabilities, 799, 804–805

Refl ex, let-down, 979
Refl ux

hoarseness and, 541
laryngopharyngeal, 541–542
testing, 544

Refractory shock, 348t
Regulatory diffi  culties, 904b, 906t
Regurgitation, vomiting versus, 971
Rehydration, 181–184
Reiter syndrome, 276, 600
REM behavior disorder, 847
Renal biopsy, 474
Renal disease

edema caused by, 258–260
proteinuria and, 711
short stature caused by, 820

Renal masses, 7
Renal parenchymal disease, 509
Renin, 511
Renin-angiotensin-aldosterone system, 

257
Respiratory cycle, 987, 988f
Respiratory syncytial virus, 150, 345
Restless legs syndrome, 847
Restrictive pulmonary disease, 237–238, 

239b
Retching, 971
Reticulocyte count, 56–57
Retropharyngeal abscess, 879t
Retroversion, 373b
Rett syndrome, 666
Reverse diff erential cyanosis, 152
Rheumatic fever, 600
Rifampin, 584
Right-ventricular hypertrophy, 240
Right ventricular outfl ow tract abnormalities, 

152–153
Rigid fl atfoot, 386–387
Rizatriptan, 447t
Rocking, 811–812
Romano-Ward syndrome, 923
Rome I, II, and III criteria, for abdominal 

pain, 14
Rotavirus, 183
Rotor syndrome, 589
Rubinstein-Taybi syndrome, 667
Russell-Silver syndrome, 820

S
Sacroiliac joint, 627, 628f
Salaam spasms, 948
Salmonella enteritis, 189
Sandifer syndrome, 949
Satiety center, 633
Scheuermann disease, 91–92, 94
Schistocytes, 51b–52b
School health, cardiac arrhythmias and, 109
School phobia, 72, 776
School readiness, 608, 609b
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Sickle cell anemia
irritability and, 574
splenomegaly and, 871

Sickle cell disease, 852t
Sick sinus syndrome, 922
Sideroblastic anemias, 54
Silk stocking sign, 793
Simple vocal tics, 935
Single-photon emission computed tomography, 90
SIRS. See Systemic infl ammatory response 

syndrome
Situational syncope, 920
Skin gouging, 815
Skin picking, 815
Skull abnormalities, 649, 650b, 652
SLE. See Systemic lupus erythematosus
Sleep

average hours, 829t
awakenings from, 840–841
BEARS parent questionnaire for, 830
developmental milestones of, 828–830, 829t
evaluation of, 830–836
excessive, 848t
hygiene principles and, 835b
inadequate, 839b
violence during, 847

Sleep deprivation, 165t, 207t, 562t, 610t, 906
Sleep disorders

behavioral disorder associations, 850t, 
850–851

benign neonatal sleep myoclonus, 675–676
causes of, 838t, 840t
classifi cation of, 836–847
developmental disorder associations, 851
maturational issues and, 836–847
medical problem associations, 851–854, 

852t–853t
narcolepsy, 676–677
night terrors, 676
parasomnias, 843–846
questions for evaluation, 831t–833t
referrals and, 854

Sleep log, 833f–834f
Sleep myoclonus, 675–676
Sleep-onset association disorder, 837–838, 

841–842
Sleep paralysis, 676
Sleep terrors, 676, 846
Sleep–wake transition disorder, 848
Sleepwalking, 846
Slipped capital femoral epiphysis, 282–283, 601, 

623–624
Slow transit, 121
Slump test, 91, 92f
Small-for-gestational-age infants, 820
Smith-Lemli-Opitz syndrome, 296–297
Social-emotional problems

assessment of, 903, 905, 909
background of, 901–903

co-occurring disorders with, 801
defi nition of, 799
diagnostic approach to, 803
epidemiology of, 800
etiology of, 800–801
functional assessment of, 803–804
nonsuicidal self-injury versus, 801
ongoing care for, 805
signs and symptoms of, 803
similarities and diff erences, 805
syndromes associated with, 801
types of, 799

Self-mutilation, 815
Self-stimulating behaviors

hair pulling and twisting, 815
head banging and rocking, 811–812
masturbation, 813–814
referral for, 812
thumb sucking and nail biting, 812–813
tics versus, 938

Semont maneuver, 217
Sengstaken-Blakemore tube, 405
Sensory, motor, refl ex grid, 88f
Sensory abnormalities, 121
Sensory ataxia, 81
Separation anxiety disorder, 64t
Sepsis

defi nitions associated with, 348t
jaundice associated with, 585
severe, 348t

Septic arthritis, 620, 621t
Septic shock, 348t
Septo-optic dysplasia, 288
Serum bilirubin, 582
Sever disease, 601
Severe combined immunodefi ciency, 752, 752t
Severe sepsis, 348t
Sex hormone binding globulin, 524
Sex-reassignment surgery, 410
Sexual abuse, 953
Sexual hair, 525–526
Sexually transmitted infections

urethritis caused by, 250
vaginal bleeding caused by, 955
vaginal discharge caused by, 964

Sexual orientation, 410, 416
Shin splints, 282
Shivering episodes, 675
Shoes

fi tting of, 392
leg problems and, 392

Short bowel syndrome, 191
Short stature

diagnostic testing for, 822–823
diff erential diagnosis of, 819–822
history taking, 822
management of, 823–824
physical examination for, 822

Shuddering attacks, 675
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Splenomegaly
defi nition of, 869
diff erential diagnosis of, 869–872, 870b
imaging for, 872–873
laboratory testing for, 872
patient history and, 872
physical examination for, 872
referral for, 873
treatment of, 873

Splenoptosis, 872
Spondyloarthropathy, 598
Spondylolisthesis, 86, 90
Spondylolysis, 86, 90, 93
Spontaneous pneumothorax, 114, 115t
Sports

classifi cation of, 517f
participation in, by children with hypertension, 

516
Sprain, 281
Spurious torticollis, 950
Staphylococcal infection, 93
Staphylococcus aureus, 599
Steatorrhea, 173
Steeple sign, 881
Steppage gait, 627t
Stereotypies, 811, 938
Sternocleidomastoid muscle, 947
Still disease, 598
Stimulants

short stature caused by, 820–821
treatment for insomnia, 851

Stokes-Adams attacks, 922
Stomach, distended, 6f
Stomatocyte, 52b
Stool

blood in, 178b, 179, 181
failure to thrive diagnosis and, 307
withholding of, 120–121

Stool-withholding behaviors, 130
Storage disorders, 491
Stork test, 90
Straight-leg raise test, 91
Strengths and Diffi  culties Questionnaire, 205
Stress reduction, 71, 168–169, 209, 564, 613, 

894
Stridor

croup as cause of, 150
defi nition of, 877
diagnostic testing for, 880–883
diff erential diagnosis of, 877–878, 879t
history taking for, 878–880
hoarseness and, 543
management of, 883–885
physical examination for, 880
spirometry fi ndings for, 881f

Stroke, 79–80
Students Against Destructive Decisions, 890
Sturge-Weber syndrome, 763
Stuttering, 865

diff erential diagnosis of, 906t–908t, 909f
epidemiology of, 901–903
fi ndings suggestive of, 903, 904b
healthy habits and activities, 911
identifi cation of, 903
initial interventions for, 911, 912t–913t
parental considerations, 910
plan of care for, 909–914
positive parent-child interactions, 911
primary care physician’s role in, 902
progress monitoring of, 913
reframing of child’s behaviors, 910–911
safety considerations, 910
screening for, 905t
specialist involvement for, 913–914

Social phobia, 64t
Social skills, 169
Sodium nitroprusside, 518t
Solvent drag, 174–175
Somatic symptom disorder, 659, 659t
Somnambulism, 846
Sorbitol, 176
Soto syndrome, 291
Soy protein allergy, 398
Space-occupying lesions, 649, 650b, 652
Spasmus nutans, 948
Specialists

for anxiety disorders, 73–74
for depression, 170–171
for disruptive behavior and aggression, 

210–213
for inattention and impulsivity, 566
for learning diffi  culties, 614
for social-emotional problems, 913–914

Specifi c language impairment, 866
Specifi c phobia, 64t
Speech and language pathologist, 

866–867
Speech disorders

description of, 865
diff erential diagnosis of, 866
prevalence of, 859
prognosis for, 867
referral for, 866
treatment of, 866–867

Spence Children’s Anxiety Scale, 64
Spermatoceles, 795
Spherocytes, 51b
Spina bifi da, 853t
Spinal muscular atrophy, 335
Spinning behavior, 815
Spironolactone, 534
Spleen

cysts of, 872
disorders of, 872
dysfunction of, 748
function of, 869
palpation of, 869

Social-emotional problems (continued)
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Symptomatic proteinuria, 713
Syncope

causes of, 919–924, 920b
characteristics of, 674
defi nition of, 674, 919
diagnostic testing for, 925–926
management of, 926–927
patient history and examination for, 925

Syndactyly, 296, 389f, 390
Synovial fl uid, 621t
Systemic infl ammatory response syndrome, 347, 

347t–348t
Systemic lupus erythematosus

joint pain and, 598
limp caused by, 625

Systemic-onset disease, 598
Systolic blood pressure, 510
Systolic murmurs, 464, 464t, 465f

T
Tachyarrhythmias, 923
Tachycardia

intra-atrial re-entrant, 104
supraventricular

defi nition of, 100–101
diagnosis of, 101–102, 102f
in infants, 97
irritability and, 574
management of, 102–104
presentation of, 101–102
syncope and, 923

ventricular
description of, 105–106, 106f
syncope and, 923

Tailor bunion, 390
Talc granulomatosis, 242
Taliglucerase alpha, 493
Talipes, 373b
Talipes calcaneovalgus, 383, 384f
Talipes equinovarus, 383, 384f
Talipes varus, 374, 375f, 376
Talocalcaneal coalition, 387
Tardive dyskinesia, 941
Tarsal coalition, 386–387, 623
T cells, 752
Teardrop cells, 51b
Teething, 575
Telogen effl  uvium, 27
Temper tantrums, 903, 929–932
Tension pneumothorax, 489
Tension type headaches, 443–444, 448
Teratogenic agent, 288
Terbinafi ne, 35
Terminal hair, 523
Testes

nonsalvageable, 788f
tumors of, 793–794

Testicular torsion, 786–789
Testosterone, 524

Subconjunctival hemorrhage, 769–770, 770f
Subdural hematomas, 652
Subglottic hemangiomas, 541, 545
Subglottic lesions, 884f
Subglottic obstruction, 881f
Subglottic stenosis, 879t
Subluxation, radial head, 282
Substance use

in adolescents
brain development considerations, 887–888
screening for, 890t
treatment of, 898

advice and counseling, 890
alcohol, 891, 891t
assessment of, 890–891, 891t
conditions co-occurring with, 892t
confi dentiality and, 889
counseling to reduce, 895
disruptive behavior and aggression, 206, 208t
dyspnea caused by, 242
health problems associated with, 888
interventions based on stage of, 895, 896t
motivational interviewing for reduction of, 

895, 897t
overview of, 887
prevalence of, 888
referral for, 897
screening tools for, 889–890, 890t
specialty treatment for, 895, 897–898

Substance use disorders
assessment of, 890–891, 891t
classifi cation of, 888–889
description of, 887
general care for, 894–898, 896t–897t
laboratory testing for, 894
physical examination of, 893
stress reduction, 894

Sudden cardiac death, 107–109
Sudden death, 116
Suicidal intent, 206
Suicidality, 171t
Suicide attempts, nonsuicidal self-injury versus, 

802
Suicide risks, 166b
Sumatriptan, 447t
Supraventricular tachycardia

defi nition of, 100–101
diagnosis of, 101–102, 102f
in infants, 97
irritability and, 574
management of, 102–104
presentation of, 101–102
syncope and, 923

Surgery
abdominal pain treated with, 15, 17
dysmenorrhea treated with, 224

SVT. See Supraventricular tachycardia
Swallowing, 227
Sweating, excessive, 549–550
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Toxins
ataxia and, 81
body odor caused by ingestion or inhalation of, 

682, 684t, 685
irritability and, 575

Tracheal stenosis, 994f
Tracheobronchomalacia, 992, 994f
Trained night waking, 841–842
Transactional model, 306
Transgender, 410, 415–417
Transgender adolescents, 418–419, 427–429
Transient hypogammaglobulinemia of infancy, 

751t
Transient proteinuria, 712
Transient synovitis, 625
Transposition of the great arteries, 152–154
Trauma

ataxia and, 80–81
dysuria caused by, 251
head, syncope and, 924
hoarseness and, 542, 546
irritability and, 569–571, 572
limp caused by, 619
red eye caused by, 765
scrotal pain and swelling caused by, 791

Traumatic brain injuries, 853t
Treacher-Collins syndrome, 293f
Trendelenburg gait, 627t
Trichobezoar, 33, 815
Trichomonas vaginalis, 967
Trichorrhexis nodosa, 30
Trichotillomania, 33, 34f, 815
Tricuspid atresia, 153
Tricuspid valve, 153
Triptans, 447, 447t
Truancy, 775, 781
Truncus arteriosus, 154
Trypsinogen, 189
Tufting enteropathy, 194
Tumor(s). See also Malignancies; Neoplasms

abdominal, 8
ataxia and, 80
eyelid, 763, 763f
hoarseness caused by, 542
testicular, 793–794
Wilms, 8, 8f

Turner syndrome
description of, 295, 295f
short stature in girls and, 820

Tympanitic abdomen
children and, 6–7
newborns and, 4–6

Tyrosinemia type 1, 586

U
Ulcers

corneal, 771, 772f
skin, 737

Unconjugated bilirubin, 582

Tetralogy of Fallot, 152, 924
“Tet spells,” 152–153
Th alassemia

�-, 53
major, 53

Th elarche, 530, 728
Th igh–foot angle, 377
Th in basement membrane nephropathy, 475
Th ird heart sound, 116, 459
Th ree-dimensional airway reconstruction, 

995f
Th rombocytopenia

epistaxis caused by, 266
petechiae and purpura and, 695–696

Thrombotic thrombocytopenic purpura, 
696

Th rush, 747
Th umb sucking, 812–813
Th yroid disease, 338
Tibial torsion, 376–378
Tick bites, 599–600
Tics

clinical manifestations of, 935
comorbid disorders, 938–939
defi nition of, 935
diff erential diagnosis of, 938
etiology of, 936–938
incidence of, 935–936
management of, 942–943
pharmacotherapy for, 940–942
referral for, 942–943
treatment of, 939–943

Tilt-table testing, 926
Timed urine sample, 710
Tinea capitis, 34–36, 35f
Tinea corporis, 741f
To-and-fro murmurs, 466, 467f
Tobacco use, 888
Toddler’s diarrhea, 185
Toe deformities, 388–390, 389f
Toe-walking, 390–391
Toilet training, 130
TORCH infections, 585
Torsades de pointes, 923
Torsion, 373b
Torticollis

clinical manifestations of, 947–948
congenital, 947–951
defi nition of, 947
diff erential diagnosis of, 948–950, 949b
evaluation of, 950
management of, 950–951
ocular, 948
referral for, 951

Total anomalous pulmonary venous return, 
152, 154

Tourette syndrome, 935–936, 938, 942. 
See also Tics

Toxic synovitis, 283
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Variceal bleeding, 405
Varicella zoster

intraocular manifestations of, 772
rash, 741f
recurrent infections and, 747

Varicocele, 795
Varus, 373b
Vascular abnormalities, 993f
Vascular congestion, 491
Vascular lesions, 400
Vascular pulmonary disease, 239–240
Vasculitis, 400
Vasoactive intestinal polypeptide, 177
Vasodilators, 511, 515t
Vaso-occlusive crisis, 86, 93
Vasopressin, 699–700, 704t–705t, 706
Vasovagal syncope, 919
Vaulting gait, 627t
Vein of Galen arteriovenous malformation, 653
Vela-glucerase, 493
Vellus hair, 523, 524f
Venous admixture, 149
Venous hypertension, 257
Venous thromboembolism, 259
Ventilation-perfusion mismatch, 148–149, 151
Ventricular septal defect, 153
Ventricular tachycardia

description of, 105–106, 106f
syncope and, 923

Vernal conjunctivitis, 768
Version, 373b
Vertebral osteomyelitis, 86
Vertigo

benign paroxysmal, 674–675
causes of, 216–218
defi nition of, 216
diagnosis of, 219t
evaluation of, 218
management of, 220
migraine headache as cause of, 82
referrals and, 220

Vesicles, 734, 738f, 740f
Videofl uorographic swallowing study, 231
Videostroboscopy, 543
Videotaping, 231
Viral conjunctivitis, 765t, 766, 766f
Viral croup, 878, 879t
Viral enteritis, 183
Viral infections

fever caused by, 363, 364b
lymphadenopathy caused by, 640t
splenomegaly and, 870

Viral laryngitis, 545–546
Virilization, 523, 528, 535
Virus

Epstein-Barr, 333
herpes simplex, 740f
respiratory syncytial, 150, 345
rotavirus, 183

Unconjugated hyperbilirubinemia, 582–584, 
583b, 587, 588b

Undernutrition, 310–311, 311b
Unhappy mood, 904b 
Upper airway hemorrhage, 484t
Upper airway obstruction, 150
Upper gastrointestinal tract

barium study of, 231
bleeding in, 398, 401b

Urethral prolapse, 251
Urethral strictures, 251
Urethritis, 250–251
Urinary tract

description of, 7
pain, 247

Urinary tract infections
dysuria caused by, 248, 250
fever caused by, 354

Urine
normal output, 699t
odor of

causes of, 682, 685
diff erential diagnosis of, 681–682
metabolic abnormalities as cause of, 682, 683t
physical examination of, 682

protein-creatinine ratio, 710
Urticaria

description of, 737f
pruritus and, 721

Utah Growth Study, 819, 821
Uterine bleeding, 956b
Uveitis, 773

V
Vaccinations, 576
VACTERL, 289
Vaginal bleeding

causes of, 956b
diagnostic testing for, 957–958
evaluation of, 954–958
history taking, 955–957
management of, 958–959
in newborn, 396
physical examination for, 957
in prepubertal girls, 953–954
in pubertal girls, 954–959

Vaginal discharge
causes of, 964b, 966t
evaluation of, 963–965
management of, 965, 967–968
in newborns, 963
in prepubertal girls, 963–965, 964b
in pubertal and postpubertal girls, 966t, 967–968

Vaginal maturation index, 43
Vaginal odor, 681
Vaginitis, 953, 955, 964
Valgus, 373b
Valproic acid, 288
Valsalva maneuver, 120
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diagnostic testing for, 983t, 983–984
diff erential diagnosis of, 981b
in infants, 979–980
initial evaluation of, 983–984
in newborns, 979–980
referral for, 984

Well-child visits
6-month, 930
12-month, 930

Wenckebach block, 106
Werdnig-Hoff man disease, 335, 554
Wheals, 734, 737f
Wheezing

causes of, 990t
defi nition of, 987
diagnostic testing for, 990–992, 991f–996f
diff erential diagnosis of, 987–989
management of, 993–994, 996
patient history for, 989
physical examination for, 989
referral for, 996

Wilms tumor, 8, 8f
Wilson disease, 491, 493, 589
Wiskott-Aldrich syndrome, 752t, 753
Wolff -Parkinson-White syndrome, 101, 923
Woodruff  plexus, 264
World Professional Association for Transgender 

Health, 411, 431

X
X-linked agammaglobulinemia, 751, 751t
X-rays. See Radiographs

Y
Yersinia enterocolitis, 179, 190

Z
Zinc acetate, 493
Zolmitriptan, 447t

Vitamin B12 defi ciency, 57
Vocabulary, 863
Vocal cords

cyst of, 879t
paralysis of

hoarseness and, 539, 545
stridor caused by, 879t

Vocal tics, 935
Volume expansion, 927
Vomiting

causes of, 972–974, 973b
complications with, 974
defi nition of, 971
diff erential diagnosis of, 972–974
evaluation of, 974
failure to thrive diagnosis and, 307
referral for, 976
treatment of, 975–976
weight loss and, 980

von Willebrand disease
description of, 266
petechiae and purpura caused by, 695

VT. See Ventricular tachycardia
Vulnerable child syndrome, 781
Vulvovaginitis, 252

W
Wadell test, 88
Wasting, 302
Water deprivation test, 705t
Weakness

defi nition of, 329
diagnostic testing for, 337–338
diff erential diagnosis of, 331b
etiology of, 330

Weight, hypertension and, 498, 498f, 514
Weight gain, healthy, 303–304
Weight loss

admission for, 984–985
in adolescents, 982, 985
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