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Preface

Traditionally, medical textbooks have been organized by areas of specialty: infectious diseases,
cardiology, pulmonary medicine, and so on. This 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 effort to address the need of the pediatrician and
other primary care physicians for information organized to reflect 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 differential 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. They may drive a child’s use of health services and
affect 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 effort 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 find 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






Chapter 1

Abdominal Distention

Peter E Belamarich, MD

Abdominal distention can be a challenging clinical problem. There are no statistical defini-
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 difficult. The 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. The nonpathological distention often seen in infants and toddlers may
exceed the mild distention seen with an intraabdominal malignancy. Therefore, a careful
systematic approach should be used whenever concerns about abdominal distention are
raised. The 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

The 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.

The 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 specific 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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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 Gl obstruction, ruptured ectopic pregnancy

Progressive, asymptomatic distention | Malignancy, ascites

Malodorous stools Malabsorption
Amenhorrhea Imperforate hymen
Weakness Rickets

Travel history should be covered to explore the possibility of geographically specific
causes of distention, such as ascariasis, which in many parts of the world is a common cause
of GI obstruction.

Given the vast differential 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 affected children at increased risk for Wilms
tumor, hepatoblastoma, and adrenal carcinoma. Children with trisomies, DNA fragility
syndromes, and immunodeficient 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.

The family history should include questions about cystic fibrosis (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 differentiate 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 confidential history
of sexual activity be obtained. A history of amenorrhea despite advanced puberty raises the
question of imperforate hymen with hematocolpos.

Physical Examination

The 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
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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. The abdominal examination of an unwilling,
anxious child who is struggling and crying is uniformly unsatisfying and nondiagnostic.

The profile 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. The pattern and prominence of the abdominal veins should be noted. Prominent
superficial veins on the abdomen may indicate portal hypertension or obstruction to the
systemic venous return. The 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 differentiate diffuse 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). The abdomen should be
assessed for focal or generalized tenderness. Involuntary guarding noted on gentle palpation
is a sensitive sign of peritoneal inflammation; assessment of rebound tenderness in young
children is vulnerable to false-positive results.

BOX 1-1

Causes of Focal Abdominal Distention or Mass
EPIGASTRIUM LEFT UPPER QUADRANT

* Duodenal atresia * Splenomegaly

* Pyloric stenosis * Splenic cyst

* Malrotation RIGHT LOWER QUADRANT

* Gastric duplication

e Bezoar e Ovarian mass

* Intussusception
FLANK

* Appendiceal abscess
e Wilms tumor ¢ Crohn disease
* Hydronephrosis e Fecal mass

* Multicystic kidney LEFT LOWER QUADRANT
* Polycystic kidney

¢ Neuroblastoma e QOvarian mass
¢ Renal vein thrombosis ¢ Fecal mass

e Adrenal hemorrhage HYPOGASTRIUM
RIGHT UPPER QUADRANT

* Hydrometrocolpos

* Choledochal cyst * Hematocolpos

* Hepatomegaly ¢ Fecal mass

* Hepatic tumors e Presacral teratoma
* Hydrops of the ¢ Obstructed bladder

gallbladder e 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 finger in the costovertebral angle
while palpating the surface of the abdomen with the other hand—can help elicit masses in
the flank 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 flanks in the supine position; in older
children, the examiner may be able to elicit shifting dullness by percussion or appreciate a
fluid 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

The differential 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. This 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 fixation.
The most common proximal GI obstruction is duodenal atresia,’ characterized by poly-
hydramnios in 50% of patients and the onset of bilious vomiting in the first 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 Gl ileus

Gl obstruction
Peritonitis
Malabsorption
Aerophagia
Pneumoperitoneum

Palpable mass Renal tumor or hydronephrosis

Adrenal, sympathetic chain tumor
Hepatomegaly or hepatic tumor

Gl 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 Gl perforation
Bacterial peritonitis
Chemical peritonitis—leak of bile or pancreatic fluid

BOX 1-2
Life-Threatening Causes of Abdominal Distention
* Sepsis * Splenic sequestration crisis
* DPeritonitis (GI perforation, infected ascites, ~ * Acute renal failure
primary bacterial, chemical) * Acute liver failure
* Intraabdominal bleeding * Ruptured ectopic pregnancy

* Liver, spleen, or GI laceration or hematoma ¢ Severe electrolyte disturbances or
* Severe pancreatitis 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, finding in newborns
and infants who have symptomatic intestinal malrotation,” most of whom have bilious
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Figure 1-1
Newborn infant with duodenal atresia and upper abdominal distention.

vomiting in the first 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. Therefore, 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, differentiation 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.
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Tympanitic distention occurs in conjunction with the fat malabsorption syndromes,
cystic fibrosis, and celiac disease. These 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.’ Renal masses are retroperitoneal, nonmobile, and appreciated either in the flank or
on deep abdominal palpation. Cystic masses predominate and have a slightly compress-
ible quality. A multicystic kidney is the single most common neonatal flank mass. It can
be appreciated on physical examination as a soft mass with a slightly irregular contour.
‘The next most frequently encountered renal mass is caused by hydronephrosis. A smooth
unilateral flank 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 flank masses or a palpable bladder.
Newborns who have autosomal recessive polycystic kidney disease may have palpable
bilateral firm flank masses, oliguria, hematuria, and hypertension. The 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 flank 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.’

When a newborn has a palpable flank 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 significant 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

The differential 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.

The 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. They are mobile, nontender, and malleable.
Reexamination after laxative therapy should confirm 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.

Figure 1-3
A, Abdominal distention from a right-sided Wilms tumor. B, Computed tomographic scan of tumor.
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Figure 1-4
Lower abdominal distention caused by ovarian teratoma.

Ascites

The newborn with ascites has a distended, nontympanitic abdomen with bulging and dull-
ness in the flanks, findings 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.”

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 fluid leaks directly into
the peritoneum because of a malformation or perforation of the intestinal lymphatics. The
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. The choice of initial
imaging modality is dictated by clinical suspicion, primary findings 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.
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1. Newborns: Single, supine, plain radiograph; follow

Tympanitic abdomen 2. Intussusception suspected: Supine, prone, and
Prominent gastrointestinal symptoms left lateral plain films—ultrasound

with contrast study for gastrointestinal obstruction

3. Peritonitis with suspected appendicitis:

Ultrasonography followed by computed tomography

Suspected flank, abdominal, or pelvic Ultrasonography will differentiate free ascitic fluid
mass, hepatosplenomegaly, prominent ——— 3» from large cystic lesions and can suggest a ruptured
urinary tract symptoms or findings urinary tract.

Asymptomatic distention with 3 Ultrasonography will identify neuroblastomas, Wilms
inconclusive examination tumors, or hepatoblastomas.

Ultrasonography will differentiate ascites
Suspected ascites frgm cysts, hydrongphrosm. It Qﬁers supplemer!tal
information on urinary tract if urinary ascites is

suspected, as well as liver disease.

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

The 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, Heparology and Nutrition (Web site),
(www.naspghan.org)


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

Abdominal Distention “

AAP POLICY STATEMENTS

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)

American Academy of Pediatrics Subcommittee on Chronic Abdominal Pain. Chronic abdominal pain in

children. Pediatrics. 2005;115(3):e370—-381 (pediatrics.aappublications.org/content/115/3/e370.full)

Brody AS, Frush DP, Huda W, Brent RL; American Academy of Pediatrics Section on Radiology. Radiation
risk to children from computed tomography. Pediatrics. 2007;120(3):677-682 (pediatrics.aappublications.
org/content/120/3/677 full)
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Chapter 2

Abdominal Pain

Anthony M. Loizides, MD; Katherine Atienza Orellana, DO; John E Thompson, MD

Abdominal pain is one of the most common symptoms in children and adolescents and is
estimated to account for approximately 5% of unscheduled office visits." Acute abdominal pain
may require medical or surgical intervention to prevent disability or even death. The 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.* More commonly, abdominal pain
is a recurrent symptom not associated with physical disability or mortality.?

Abdominal pain is determined by several different 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 afferent nerve fibers. These result in the perception of 3 different types of abdominal pain:
visceral, parietal, and referred pain.

The 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, diffuse, 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.
The area involved may be contingent on the organ affected. 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 effects such as sweating, restlessness, nausea, vomiting, perspiration, and pallor often
accompany visceral pain. The 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. These pain receptors respond to tearing or inflammation. 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
inflammatory involvement of the parietal peritoneum. Parietal pain is typically heightened
by movement. Reflexive responses, such as abdominal rigidity and involuntary guarding,
are facilitated by spinal reflex arcs that contain parietal pain pathways.*
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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 different areas meet at second-order neurons in the same spinal segment
as nerve fibers 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 first characterized by Apley and Naish as pain that occurs
at least 3 times over a period of 3 or more months severely enough to affect daily activities
in children older than 3 years.> The 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%.° One reason
for the broad range may be the lack of uniformity of criteria for making the diagnosis of
FAP: its definitions may be too broad and may include other functional gastrointestinal
disorders, such as functional dyspepsia.®

A multidimensional measurement of FAP has been created,” which, according to
the Rome III criteria, must include episodic or continuous abdominal pain, insufficient
criteria for other functional gastrointestinal disorders, and absence of an inflammatory,
anatomic, metabolic, or neoplastic process that explains the subject’s symptoms. The expe-
rience of the pain must occur once a week for at least 2 months. Regardless, no consensus
exists on an exact definition. Some trends have been noted, such as a higher prevalence
of FAP in girls. The 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 pain®), psychological comorbidity such as anxiety,” and
socioeconomic environment (eg, children living in low-income, low-educated—worker
families are more likely to experience pain).'

Criteria have been established to categorize FAP. Initially, the Rome I criteria, later
updated as Rome II, improved the definition of functional gastrointestinal disorders.
Although this classification 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 classification in children,'" 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.'?

Pediatric gastroenterologists have identified and developed similar criteria for childhood
functional disorders, including FAPR"? These criteria—the Rome III Criteria for Functional
Bowel Disorders Associated With Abdominal Pain or Discomfort in Children—are based on
symptom classification. Four classes were identified, including functional dyspepsia, irritable
bowel syndrome, childhood functional abdominal pain as defined above (with a subgroup
of children having childhood functional abdominal pain syndrome), and abdominal
migraine. The usefulness of the Rome I1I criteria still needs to be established.'

As difficult as characterizing different types of FAP is assessing the effectiveness of various
treatments. Significant inconsistencies exist in the methodologic approaches currently used to
assess pain.” The influence of age and developmental maturation, individual differences (eg,
temperament, coping patterns), family interactions, and community and cultural contexts
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may influence 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.”

In light of suboptimal classification and assessment tools, a symptom-based differ-
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 significant 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.'®

» DIFFERENTIAL DIAGNOSIS

'The differential 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 first but may require surgical involvement (Box 2-2), and conditions
that can be managed medically (Box 2-3)." The differential diagnosis of acute abdominal
pain based on age is provided in Box 2-4. The differential diagnosis of chronic or recurrent

BOX 2-1
Differential Diagnosis of Acute Surgical Abdomen
¢ Closed loop intestinal obstruction * Opvarian torsion

* Volvulus (gastric, midgut, sigmoid) Testicular torsion

* Incarcerated hernia (inguinal, internal, Acute appendicitis

external) e Perforated viscus with diffuse peritonitis
* High-grade bowel obstruction or toxicity
* Nonreducible intussusception * Ruptured tumor

¢ Malrotation with Ladd bands

Ectopic pregnancy

BOX 22
Differential Diagnosis of Acute Abdominal Pain

That May Require a Combined Surgical and Medical
Approach

Partial small bowel obstruction ¢ Cholecystitis
¢ Postsurgical adhesions * Gallbladder hydrops
* Crohn discase e Pancreatitis
* Lymphoma * Pancreatic pseudocyst
e Periappendiceal abscess * Toxic megacolon or typhlitis

¢ Abdominal abscess
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BOX 2-3

Differential Diagnosis of Acute Abdominal Pain That

May Require Medical Management

 Upper respiratory infection, pharyngitis

e Viral gastroenteritis (mesenteric adenitis)

* Pneumonia

e Partial bowel obstruction

e Paralytic ileus

e Fecal impaction

* Meconium ileus equivalent in cystic fibrosis

* Bacterial enterocolitis

* Acute gastritis or peptic ulcer

* Acute constipation

* Flare of functional abdominal pain

* Acute hepatitis

e Perihepatitis (Fitz-Hugh—Curtis syndrome)

¢ Inflammatory bowel disease (Crohn disease
and ulcerative colitis)

BOX 2-4

* Henoch-Schénlein purpura
* Hemolytic uremic syndrome
* Collagen vascular disease

* Hereditary angioedema

* Pyelonephritis

¢ Renal calculi

e Pelvic inflammatory disease
e Sickle cell crisis

¢ Diabetic ketoacidosis

* Dysmenorrhea

¢ Mittelschmerz

* Poisoning

e Porphyria

* Intestinal gas pain

Main Causes of Acute Abdominal Pain by Age

NEONATE

e Necrotizing enterocolitis
* Spontaneous gastric perforation
* Hirschsprung disease
¢ Meconium ileus
¢ Intestinal atresia or stenosis
e Peritonitis owing to gastroschisis
or ruptured omphalocele
¢ Traumatic perforation of viscus (difficult

birth)
INFANT (<2 YEARS)

e 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

e Urinary tract infection
* Appendicitis

e Trauma

* Constipation

* Pneumonia

* Sickling syndromes

ADOLESCENT

* Acute gastroenteritis or viral syndrome

e Urinary tract infection

* Appendicitis

e Trauma

* Constipation

e Pelvic inflammatory disease
* Pneumonia

* Mittelschmerz
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abdominal pain include those functional entities defined 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.

The 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 inflammatory 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. The differential 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.'” Although diagnostic considerations overlap for each age group, the child’s
age and physiologic development can help the physician focus the differential diagnosis.
For example, Hirschsprung disease should be considered more likely in an infant in the
first weeks of life; Mittelschmerz should most certainly be in the differential diagnosis for
an adolescent girl.

BOX 2-5
Main Causes of Chronic Abdominal Pain by System
Gl TRACT * Liver abscess

. * Recurrent pancreatitis
* Gastroesophageal reflux disease P

e Helicobacter pylori gastritis GENITOURINARY TRACT

e Deptic ulcer '
* Hyd h
* Esophagitis ydronephrosis

e Urinary tract infection
e Urolithiasis
* Dysmenorrhea

¢ Lactose intolerance
¢ Celiac disease

* Parasitic infection (Giardia, Blastocystis o Rl Aeftbrireror dRae

hominis) o VE
¢ Inflammatory bowel disease Micclschmerz
e Meckel diverticulum MISCELLANEOUS

e Malrotation with intermittent volvulus « Familial Mediterranean fever
e Chronic appendicitis o Melgmrecs
¢ Constipation . ..

p e Sickle cell crisis

GALLBLADDER, LIVER, * Lead poisoning
AND PANCREAS * Vasculitis (especially Henoch-Schonlein
purpura)

¢ Cholelithiasis
* Choledochal cyst
* Hepatitis

* Angioneurotic edema
* Acute intermittent porphyria
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The cause of chronic abdominal pain in an adolescent female merits particular attention
as it may be gynecologic, resulting from dysmenorrhea, endometriosis, pelvic inflammatory
disease, or ovarian abnormalities.'® 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. The 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. The 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 inflammatory 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. Three percent of general pediatric outpatient
visits and 25% of pediatric gastroenterology consultations are related to possible dysfunction
of defecation.” The stool history may be unreliable, and an abdominal radiograph may not
be helpful,? but serious consideration should be given to empirical treatment with a stool
softener (see Chapter 11, Constipation).

» EVALUATION

History

'The approach to the evaluation of abdominal pain begins with a complete history and a
thorough physical examination. The findings should direct the use of selected laboratory
studies that are based on a reasonable differential 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.?"** The 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. The 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. The effect 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. The timing of abdominal pain in relation to menses must be considered.
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History

Y
Is the pain acute?
Yes No
Y. Y.
e A\ )
e Complete history and e Complete history and
physical examination physical examination
o Urinalysis e Urinalysis
¢ Directed laboratory studies
and imagin
ging )
Y.
e A\
Is urgent medical or surgical
intervention indicated?
J
Yes No
¢ Y. Y
. . ( . . . . \
e Directed laboratory studies Identify diagnostic categories
and imaging of recurrent pain
e Referral and consultation as \
indicated Y
e Specific directed treatment Ve N
Dysfunctional or psychogenic
or organic
. J
Y.
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 effects 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. The 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, significant vomiting, chronic severe diarrhea, persistent right upper or right
lower quadrant pain, unexplained fever, and family history of inflammatory bowel disease
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(see When to Refer).” No single test can diagnose FAP. In patients with FAP a component
of pain can be visceral hyperanalgesia,® which provides a physiologic explanation of
symptoms in children who have distinct functional gastrointestinal disorders.

The 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 different from
those expressed by the parents. Confidentiality 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 specific symptoms and positive history, negative aspects
of the history can provide important information to narrow the differential diagnosis. For
example, the absence of dysuria in an older child or adolescent would make the diagnosis
of urinary tract infection unlikely.

Physical Examination

Specific findings on the physical examination of children with FAP have rarely been described.
The 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,” 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 orifice and
vaginal orifice as well as a rectal examination, should always be part of an initial assessment
of abdominal pain. The history of the presenting symptoms will alert the pediatrician to
consider more specific 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. The 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.?®

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 effective treatment.

Dysfunctional and psychogenic causes account for most diagnoses of FAD, with organic
causes identified in only approximately 5% to 8% of cases. However, diagnostic testing is
indicated when alarm signals or abnormal physical findings 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 suffice 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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BOX 2-6

Suggested Screening Laboratory Tests

ALL PATIENTS e Clostridium difficile toxin or PCR

Gk A . * Celiac panel

* Complete blood count with differential . Lact P p breath rest
. ) actose or fructose breath tes

* Erythrocyte sedimentation rate

» Comprehensive metabolic panel * Dyspepsia

« Stool hemoccult e Helicobacter pylori stool antigen testing

DIARRHEA

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

scans should be directed to evaluate specific concerns identified 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 first, 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)?” are not helpful in dis-
tinguishing between organic and functional abdominal pain. The coexistence of abdominal
pain and an abnormal test result does not necessarily indicate a cause-and-effect 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*

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,* urinary symptoms, back or flank pain,
vomiting, or abnormal findings 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.” Insufficient evidence exists to suggest that
the use of esophageal pH monitoring in the absence of alarm symptoms results in finding
organic disease.” In patients who experience recurrent vomiting, an upper gastrointestinal
series should be considered to define potential anatomic abnormalities such as gastric outlet
disorder or malrotation. The choice of radiologic test should be guided by the differential
diagnosis generated by the history and the physical examination.

» TREATMENT

The treatment of abdominal pain that results from an organic process should be pursued
according to accepted practice guidelines for that condition. The treatment of FAP should be
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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. The 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. This approach not only improves the adherence to the
treatment plan but also has been shown to affect the outcome. Treatment response may be
influenced by whether the parents perceive the pain to have an organic cause.”® Similarly,
children of parents who are open to a psychiatric consultation are more likely than not to
report less pain.?

» 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 specific test exists to confirm 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 effect 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 different 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 effective in reducing the severity and frequency of chronic headache in children
and adolescents. However, no evidence has been found for the effectiveness of psychological
therapies in attenuating pain in conditions other than headache.?*

Cognitive-behavioral therapy that combines operant elements and stress management
may provide an effective treatment for FAP, however.?' Cognitive-behavioral therapy results
in short-term improvement, with more than one-half of patients experiencing freedom
from pain.’»* The child’s coping skills and the parent’s caregiving strategies predict the
effectiveness of treatment.* Disengagement and involuntary engagement are correlated
with increased anxiety, depression, and somatic symptoms. Anxiety as a comorbidity has
also been associated with FAP? 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.*® Specific 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 office may result
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from guided imagery and progressive relaxation techniques taught over approximately 4
office visits.”” Such techniques are easy to learn and teach and are office 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.*® 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.”> Amitriptyline has
also been shown to reduce pain, depressive symptoms, and somatization in children with
FAP and irritable bowel syndrome.?’

Probiotics have been used to treat alterations in gut flora 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.

Dietary Interventions

Dietary manipulation has been used to treat the pain in functional disorders. Common
dietary interventions include a high-fiber diet, avoidance of lactose, an oligoantigenic diet,
and a low-oxalate diet in abdominal migraine.”" A high-fiber 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

The 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 affect not only the emotional and psychological well-being of the child but also
the social and economic dynamics of the family. The 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 effective therapeutic relationship.

When to Refer

* Involuntary weight loss
* Deceleration of linear growth
* Gastrointestinal blood loss
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¢ Significant vomiting

¢ Chronic severe diarrhea

¢ Persistent right upper or right lower quadrant pain
* Unexplained fever

e Family history of inflammatory bowel disease
* Extraintestinal symptoms

* History of psychiatric disorder

* Abnormal test results

* Anemia or low mean corpuscular volume

e Deripheral 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 affected. Hospitalization does not help the fundamental goals

of environmental modification 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)

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

o 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

e 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)
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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. This
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 zelogen phase. As many as 15% of scalp hairs may be in the telogen phase at
any specific time. These 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.!

Hair loss may increase to as much as 60% during a period known as a relogen efftuvium.
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 diffuse, nonpatterned and nonscarring loss of hair. The diagnosis of
telogen effluvium can be confirmed 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. The pediatrician must not limit the examination simply to the site of hair
loss. The 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. The pediatrician may need to consult
with a dermatologist.

Lanugo, the first 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.

The constant ebb and flow 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 suffer
hair loss because of the damage done by the drugs during the anagen phase, resulting in an
anagen effluvium. 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.

The 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 deficiency (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 differentiation 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. The physician can differentiate 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 significant hereditary disorder.
Hairs may be thin or poorly anchored to the scalp or have a variety of shaft abnormalities.
The 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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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 Fragile, short hair with grayish-white Nodes along hair shaft similar to
nodosa nodules 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 | Irregularly spaced twists along the

spangled as a result of light reflection

shaft appear flattened

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 effluvium

Diffuse thinning with easy epilation
from all areas of scalp

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

Anagen effluvium

Significant thinning

Tapered anagen bulbs

Loose anagen
syndrome

Slight diffuse or patchy thinning

Anagen hairs have misshapen pig-
mented bulbs with ruffled cuticle

POTENTIALLY SCARRING WITHOUT HAIR SHAFT ABNORMALITIES

Tinea capitis and
kerion

Varied, ranging from round, minimally
inflamed alopecic area with slight seb-
orrheic scale to the boggy, tender, often
pustular, severely inflamed 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 flares
(lupus hair)

Not applicable if scarred
Short, broken (frayed) anagen hairs

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 fingernails, or perhaps cataracts and tooth anomalies
may accompany hair shaft anomalies. Fragile hair with resultant breakage (trichorrhexis) and
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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 findings. Children with argininosuccinic
aciduria, a rare inborn error of metabolism, have stubbly hair and show evidence of severe
intellectual disability in the first year of life.

The texture of hair may be helpful in finding the source of difficulty. 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 fine 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 specific diagnosis can be pursued.

Loose Anagen Syndrome

Loose anagen syndrome is characterized by hairs that are quite easily and painlessly pulled
from the scalp.? Generally, but not always, affected children are blond female preschool-
ers between 2 and 5 years of age.? Their hair appears sparse. The individual hairs are not
fragile. On examination, they have misshapen anagen bulbs with a cuffed cuticle and no
external root sheath. Hairs are not firmly anchored because of an inner root sheath defect.

Typically, the child’s hair is said to be slow growing, seldom requiring cutting. The hair
over the occiput often is matted and sticky. The condition may wane with time, although
adult-onset cases have been reported.’ The 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. The diagnosis can be made
from the history and examination, the painless pu// 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 7odes resemble the effect 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 difficulty, 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
differences in their circumference, suggesting a chain of beads. The 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.* Occasionally, associated problems (cataracts, brittle nails, faulty teeth)
are suggestive of a more widespread ectodermal defect.

Pili Torti

Pili torti simply means rwisted hair, which indeed is the way this hair appears under
the microscope. The 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 configurations
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 inflammation seen
histologically around the hair follicle. The fingernails 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. The more extensive the loss and
the younger the child, the less likelihood there is of a full recovery. The 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 identified 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. The association with multiple genes® 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 effective, but the process is painful. The primary care pediatrician should seriously ques-
tion the appropriateness of this procedure, carefully assessing the effect of the disease and of
the treatment on the child, and should refer the patient to a dermatologist for consideration
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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.)

of this intervention. Excimer laser has shown some success even in children as young as
6 years of age with patchy alopecia areata.®

Large areas (>50% scalp hair loss) that require steroid infiltration present obvious dif-
ficulty. 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.” There 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. These 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 affected area.

The efficacy of treatment is difficult to assess because of the waxing-and-waning nature of
alopecia areata. The National Alopecia Areata Foundation (www.naaf.org) offers education
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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 Effluvium

Telogen effluvium, the diffuse loss of hair in the telogen phase of growth, may be difficult
to distinguish from diffuse alopecia areata. Actually the most common form of hair loss in
children, telogen effluvium 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. This is evident on the hair pull/pluck test, when the hairs
of diffuse alopecia areata appear as dystrophic anagen rather than telogen hairs. Telogen
effluvium 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. The 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 affected follicles do not epilate easily on pulling, but they are shorter and finer
as a result of normal pubertal androgen increase. No therapy is reliably effective, 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 significance, trichotillomania may provide a major
clue to an underlying psychosocial problem. The hair loss often appears in large, patchy ill-
defined patterns. The family structure and the interaction with siblings and parents and with
friends at home and at school should be explored in an effort to find stressors. Consulting a
psychiatrist should also be considered. The 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 fluoxetine have been used successfully to control trichotillomania in
some children.?

The 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). The 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
cither endoscopic or surgical removal is indicated.
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Figure 3-2
Trichotillomania in a 7-year-old boy.

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. The hair may then fall out, accompanied by
redness and inflammation, 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 inflammatory 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 differential diagnosis.” Obviously, if crusting, scaling, or redness is present,
then the likelihood of alopecia areata is diminished because inflammation is not a symptom
of that condition. In any event, the practitioner should perform a mycologic examination,
looking particularly for the usual fungus, Zrichophyton 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 inflammation
than does M audouinii. Endothrix fungal infections, but not 7 tonsurans, can produce a
greenish fluorescence under Wood light in a darkened room.

On occasion, particularly with M canis or after treatment with an irritant, the affected
area may become secondarily infected and seriously inflamed, 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.
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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 34
A 2%:-year-old boy with a kerion caused by chronic, progressive tinea capitis.

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 present difficulties with adherence in a young child. Several newer
agents have the appeal of offering a shorter course, despite their expense. The fungicidal drug
terbinafine seems effective for tinea capitis when given for 6 weeks and is currently approved
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for children 4 years and older for this use by the US Food and Drug Administration; neither
itraconazole nor fluconazole is approved, but they may be similarly safe for short courses in
children.!® These agents certainly provide alternatives if griseofulvin therapy fails or is not
tolerated, but they have not proved effective 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."" 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 inflammation 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 deficiency can result in abdominal
pain and diarrhea, as well as a wispy alopecia and dystrophic development of the fingernails,
suggesting widespread ectodermal involvement. Oral zinc sulfate is the treatment of choice.

Discoid and Systemic Lupus Erythematosus

Discoid lupus erythematosus can be disfiguring 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.)
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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. These steps serve in the interim while physicians attempt
potentially helpful treatments or wait expectantly in circumstances in which their role is
diagnostic and supportive. The possibility that hair will not fully regrow must be considered
when loss follows high fever (telogen effluvium) or chronic toxicity (anagen efluvium); is
accompanied by scarring; or occurs in the areas of nevi, aplasia cutis, or persistent heman-
giomas. The 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. The 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, diffuse hair loss

* Chronic, progressive, localized, or diffuse 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 affecting localized hair loss

TOOLS FOR PRACTICE

Engaging Patient and Family

* National Alopecia Areata Foundation (\Web site), (www.naaf.org)

o Teens—Alopecia Areata Facr Sheet (fact sheet), National Alopecia Areata Foundation

(www.naaf.org/ kids/teen-facts.asp)
* Locks of Love (Web site), (www.locksoflove.org)

Medical Decision Support

e 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 Joffe, MD, MPH

Amenorrhea is a common clinical complaing; 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 gitls, the rates of girls who missed 3 consecutive
menstrual periods in a single year were 12.5% in the first year after menarche and 5.4% after
7 postmenarchal years.! Traditionally, amenorrhea has been classified as being either primary
or secondary. Primary amenorrhea is defined 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.

The 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.” 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.’?

Amenorrhea is a symptom, not a disease, and has a variety of causes. The differential
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. Therefore, a thoughtful, systematic approach to
the patient who has a menstrual disorder usually identifies the cause. The 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 first 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.
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BOX 4-1

Major Causes of Amenorrhea in Adolescent Girls

by Organ System
CENTRAL NERVOUS SYSTEM

e Familial-physiologic delay

e Systemic illness

* Developmental defects (eg, Kallmann

syndrome)

* Laurence-Moon-Bardet-Bied!l syndrome

¢ Prader-Willi syndrome
e Infiltrative disease
¢ Head trauma

¢ Sheehan syndrome (postpartum necrosis)
* Primary empty sella syndrome

e Irradiation
* Surgery
¢ Depression

* Drugs (eg, hormonal contraception,

cocaine, phenothiazines)
e DPsychological stressors

* FEating 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

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. Three consecutive menstrual cycles are absent in a patient with signs of an eating

disorder.

5. The patient has previously menstruated but has had amenorrhea for more than 6 months.

6. The patient has not had menses and has symptoms or stigmata of another disease process
such as Turner syndrome.

7. The 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.? 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. The point at which the physician elects to pursue an evaluation

ADRENAL
¢ Addison disease

* Cushing syndrome

* Late-onset congenital adrenal hyperplasia
(21-hydroxylase deficiency)

e Tumor

OVARIES

* Gonadal dysgenesis

¢ Premature ovarian failure

* Radiation or chemotherapy

¢ Opvarian removal or destruction
* Dolycystic ovary syndrome

e Tumor

UTERUS

* Pregnancy

e Uterine synechiae

* Congenital abnormalities (miillerian
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

The 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 difficulty 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 first-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.

The 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. The 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. The 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. The age at which the patient’s mother and
sisters first menstruated is also helpful information because such a pattern may be familial.?
Finally, chronic diseases such as inflammatory 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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Step 1
Obtain history to screen for pattern of familial delay, stress,
chronic illness, other endocrine disorders, eating disorders, athletic
competition, drugs, current or past CNS lesions, risk for
pregnancy, and past surgeries.

v

Step 2
Complete physical examination including plotting of past and
current height and growth data; Tanner staging of breast and
pubic hair—evidence of hirsutism or virilization; galactorrhea
(Primary amenorrhea: test for sense of smell and perform digital
vaginal examination, if possible).

normal Specific cause identified

Step 3 Evaluate and treat
Obtain urine human as indicated.
chorionic

gonadotropin (hCG).

Negative | Positive

To evaluate for secondary
amenorrhea, go to step 5.

77777777 Bl

Step 4
Perform bimanual pelvic
examination or, if unable,
rectoabdominal examination.

Pregnancy J

‘ Abnormal or equivocal

Normal or unable to complete

Go to Step 5.

N
|
|
r

Step 5
Obtain thyroid-stimulating
hormone (TSH) and prolactin levels.

T
Normal | Abnormal

Step 6 Evaluate and treat
Perform progesterone as needed.

challenge test. T

No withdrawal bleeding Withdrawal bleeding

Treat with cyclic OCPs
or progesterone;
evaluate every
6 months.

Step 7
Obtain the follicle-stimulating hormone (FSH) level. If high (hyper-
gonadotropic hypogonadism), evaluate for ovarian failure. If low or
normal, reassess for anorexia nervosa, intense exercise (low percent
body fat), symptoms of CNS tumor, or chronic illness. MRI may be
indicated. If all negative, follow closely or begin oral contraceptive
(estrogen replacement) therapy. If no bleeding occurs on oral contra-
ceptive pills (OCPs), then refer to adolescent medicine specialist
or gynecologist.

Figure 4-1
Evaluation of patients who have amenorrhea in whom secondary sex characteristics are present.
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syndrome.' 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.’ Obesity or excessive
thinness can result in amenorrhea. Abnormalities of the visual field, smell, or other cranial
nerve function; papilledema; or disturbances of reflexes suggest a CNS tumor. Hirsutism,
a receding hairline, excessive acne, moon facies, striae, enlarged thyroid, or buffalo 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. The size of the clitoris should be noted because clitoromegaly indicates the
presence of excess androgens (eg, partial 21-hydroxylase deficiency). 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. The progesterone challenge is
particularly useful because a positive result indicates an estrogen-primed uterus. The 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 field 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.® 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 fixed using the same technique in Papanicolaou
smear preparation. Cytologic assessment will determine the number of parabasal, superficial,
and intermediate cells present. Samples can be scored using Meisel’s modified scoring system
to interpret results in terms of estrogen and pubertal status.”

» 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 miillerian 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
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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)?® or, less commonly, late-onset congenital adrenal hyperplasia
(21-hydroxylase deficiency). 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
first 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 specific 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.” Hypoestrogenic amenorrhea is commonly seen in patients with

restrictive eating disorders, athletic amenorrhea, and ovarian failure.'*"?

» MANAGEMENT

Definitive 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 findings 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. This probability is particularly true when family history suggests late menarche
in first-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 benefit from additional medications
to address underlying metabolic abnormalities or clinical findings 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

¢ 'The amenorrhea appears secondary to a chronic illness that the pediatrician is unable to
manage

¢ 'The pediatrician feels uncomfortable performing a pelvic examination

* Long-term hormonal therapy is required

¢ 'The patient has an eating disorder

¢ Evidence exists of anatomic or chromosomal abnormality

* Evidence exists of a complicated endocrine disorder

¢ Fvidence exists of a CNS, adrenal, or ovarian tumor

¢ 'The patient is pregnant and the pediatrician is unwilling or unable to provide comprehen-

sive options counseling or referral for all options'
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Chapter 5

Anemia and Pallor

Alicia K. McFarren, MD; Adam S. Levy, MD

» INTRODUCTION

Anemia is a laboratory finding reflecting 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
asilent 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 superficial and translucent layers of the skin and mucosa. Accurate
assessment of pallor may be hindered by fluorescent lighting, dark skin color, jaundice, or
cyanosis. Although a common finding 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 fluid in the interstitium
such as heart failure, hypoproteinemia, or myxedema can also result in pallor.

Anemia

Anemia can be defined as a reduction in RBC number, RBC mass (hematocrit), or hemo-
globin concentration.! For each value, the lower limit of the normal range is defined 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 differences exist as well.
Black children on average have normal hemoglobin values that are approximately 0.5 g/dL
lower than white and Asian children.?

» 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
MCYV 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. Subclassification of anemias as microcytic, nor-
mocytic, and macrocytic will greatly reduce the differential diagnosis and limit the number
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Table 5-1
Mean Values for Hemoglobin, Hematocrit,
and Mean Corpuscular Volume

AGE HEMOGLOBIN (g/dL) HEMATOCRIT (%) MCYV (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 1.3 33 88
6 mo-2 yr 12.5 37 77
2-4 yr 12.5 38 79
5-7yr 13 39 81
8-11yr 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

Modified 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.

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 differential
diagnoses of specific pathologic RBC features.

Microcytic Anemia

The differential diagnosis of a microcytic anemia is listed in Table 5-2, and the main causes
are reviewed in detail here.

Iron Deficiency

Iron deficiency is the most common cause of anemia in the United States.” Iron deficiency
may be attributed to poor iron intake, poor iron absorption, or blood loss. Full-term neo-
nates are born with sufficient iron stores to last for the first 6 months of life. Iron defi-
ciency is rare during this period. The incidence of iron deficiency anemia peaks at age 12 to
24 months and then again in adolescence. The peak in childhood corresponds to the
transition of children from human milk or iron-containing formulas to whole milk. Iron
deficiency in adolescents is typically related to a poor dietary intake of iron, as well significant
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 deficiency. Blood loss may be acute, chronic, or intermittent. A thorough history should
be obtained to rule out melena, hematochezia, tarry stools, and bloody or coffee-ground
emesis. Stool guaiac tests for occult blood should be performed at several different times
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' v
High j
v

Coombs test

v v

Positive
Autoimmune

)

Negative

hemolytic anemia

Red blood cell
morphology

Y v

Normal
Blood loss

Abnormal

Hemoglobin
Electrophoresis
) g y ¥
Normal Abnormal

 Disseminated intravascular coagulation
* Hemolytic-uremic syndrome
e Intravascular prosthesis
* Spherocytosis
o Elliptocytosis
* Stomatocytosis
 Pyropoikilocytosis
* G6PD deficiency
L Pyruvate kinase deficiency

Hemoglobinopathy

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.)

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 inflammatory bowel disease should also be considered in the history and

physical examination. Patients with iron deficiency anemia have symptoms similar to those

in other forms of anemia, including pica as a craving for ice.
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Figure 5-2

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

When iron deficiency is sufficient 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. These features
and a low reticulocyte count are sufficient to make the diagnosis of iron deficiency anemia.
In many instances, further testing is not necessary but may be helpful in some settings.
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Differential Diagnosis of Specific Pathologic Red

Blood Cell Features”
TARGET CELLS

(Surface-to-volume ratio increased)

Thalassemia

* Hemoglobinopathies

* Hemoglobin E disease

* Hyposplenism or postsplenectomy
* Hepatic disease

¢ Severe iron deficiency anemia

* Abetaproteinemia

Lecithin or cholesterol acyltransferase
deficiency

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 deficiency
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 deficiency
* 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 deficiency

Peptic ulcer disease
e After RBC transfusion

PYKNOCYTES

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

BLISTER CELLS

(Contain a clear area in RBCs that
contains no hemoglobin)

* Hemoglobin SS discase

* GO6PD deficiency

* Pulmonary emboli
BASOPHILIC STIPPLING
(Retention of RNA resulting in fine blue

inclusions in the cytoplasm)

e Iron deficiency anemia

* Lead poisoning

* Hemolytic anemias

* Pyrimidine 5’-nucleotidase deficiency

ELLIPTOCYTES

(Elliptical-shaped cells)

* Hereditary elliptocytosis

* Iron deficiency anemia

¢ Thalassemia

* Hemoglobin SS disease

* Sepsis

* Megaloblastic anemia

¢ Malaria

* Leukoerythroblastic reaction

TEARDROP CELLS

(Microcytic and hypochromic cells that are in
the shape of a teardrop)

* Normal finding in newborns

e Thalassemia

* Myeloproliferative diseases

* Leukoerythroblastic reaction

SCHISTOCYTES

(RBC fragments that result from trauma)

* Disseminated intravascular coagulation

* Hemolytic anemia and microangiopathic
hemolytic anemia

 Kasabach-Merritt syndrome

e Purpura fulminans

* Hemolytic-uremic syndrome

* Uremia, glomerular nephritis, acute tubular
necrosis

Continued
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BOX 5-1

Differential Diagnosis of Specific Pathologic Red
Blood Cell Features—cont'd

Cirrhosis of the liver * Stomatocytosis (hereditary)

* Malignant hypertension ¢ Thalassemia

¢ Thrombosis NUCLEATED RED BLOOD CELLS

* ‘Thrombotic thrombocytopenia purpura

* Amyloidosis (Normal on a peripheral blood smear in the
* Chronic relapsing schistocytic hemolytic first week of life only)
anemia * Normal newborns
* Burns * Significant bone marrow stimulation
* Connective tissue disorders * Congenital infections

* Hyposplenism or postsplenectomy

STOMATOCYTE * Leukoerythroblastic reaction, particularly
(Area of central pallor is more slit-like than with severe infections and leukemias or
round) metastatic tumors in the bone marrow
 Present in small numbers in normal * Megaloblastic anemia

individuals * Dyserythropoietic anemias

“Frequently, 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.

Modified from Nathan DG, Orkin SH. A diagnostic approach to the anemic patient. In: Nathan and Oskis Hematology
of Infancy and Childhood. 5th ed. Philadelphia, PA: WB Saunders; 1998.

Table 5-2
Classification of Anemia in Childhood
MICROCYTIC NORMOCYTIC MACROCYTIC
Iron deficiency anemia Infection Megaloblastic anemias from B, or
Lead poisoning Acute blood loss folate deficiency
Copper deficiency Renal disease Reticulocytosis
Malnutrition Connective tissue disorder | Postsplenectomy
Chronic disease Hepatic disease Myelodysplastic syndrome
Thalassemia Hemolysis Aplastic anemia
Hemoglobin E trait Hypersplenism Fanconi anemia
Sideroblastic anemia Malignancy Diamond-Blackfan syndrome
Atransferrinemia Aplastic anemia Pearson syndrome
Inborn errors of metabolism Dyserythropoietic anemia Dyskeratosis congenita
Drugs Paroxysmal nocturnal hemoglobinuria

Down syndrome

Hypothyroidism

Hepatic disease, jaundice

Drugs (eg, phenytoin, methotrexate)

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



Anemia and Pallor n

(6 mg/kg of elemental iron per day divided into 2 or more doses) rather than to draw addi-
tional blood for biochemical analysis. The reticulocyte count should increase within 5 to
7 days once therapy is initiated. Assuming the dietary deficiency 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 deficiency, although common, is still abnormal, and
the etiology of the deficiency should be clearly defined.

Thalassemias

The thalassemias are a heterogenous group of disorders of hemoglobin production. The
a-thalassemias have deficient production of the a chain, and the B-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.

B-THALASSEMIA. Thalassemia 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 B-chain. When only 1 gene is affected, a mild decrease in B-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
deficiency 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
deficiency commonly have a decrease in RBC number. A hemoglobin electrophoresis may
also be helpful in diagnosing thalassemia trait. Both the hemoglobin F and hemoglobin A,
levels are commonly elevated. Although treatment is not necessary, diagnosing thalassemia
trait is important so that appropriate genetic counseling may be offered to patients and
families.

THALASSEMIA MAJOR. Thalassemia major (Cooley anemia) results from defects in
both B-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. Long-term transfusion therapy is required for these patients,
and immediate referral to a hematologist is necessary.

a-THALASSEMIA. Each chromosome 16 contains 2 identical genes (4 genes total)
for the o chain. Abnormalities in these genes, most commonly seen in blacks and Asians,
result in a-thalassemia.’ When 1 gene is affected, the patient will be asymptomatic, with
little or no abnormality on routine testing. a-Thalassemia trait is the result of a mutation in
2 genes. Patients with a-thalassemia trait are also asymptomatic. They have laboratory
findings similar to patients with a-thalassemia trait or iron deficiency (microcytic, hypo-
chromic) anemia. However, unlike a-thalassemia trait, the anemia is usually less severe,
and the hemoglobin electrophoresis is normal. The diagnosis is based on the findings
of a microcytic, hypochromic mild anemia in patients of Asian or black descent with a
normal electrophoresis and no evidence of iron deficiency. Molecular genetic testing of
HBAI and HBA2 detects deletions in about 90% and point mutations in about 10% of
affected individuals.® 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 affected, 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). The 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 3 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.

Lead Poisoning

Any measurable lead in the plasma is abnormal, but clinically significant 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.” The anemia
in lead poisoning is microcytic and hypochromic, similar to iron deficiency. 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
deficiency and lead poisoning.

Chronic Inflammation

Chronic illness may be associated with anemia, likely the result both of decreased production
and shortened RBC survival. Iron flow 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. The hemoglobin typically is in the
range of 7 to 10 g/dL with a normal to low reticulocyte count.

Sideroblastic Anemias

The 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 defined as a decreased circulating RBC mass with an MCV in the
appropriate range for age.! 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).

The differential 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 deficiency 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.®
The physician can also classify normocytic anemia as a disorder of decreased RBC pro-
duction or increased RBC destruction.” 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 deficiency
anemia is the most common cause of nutritional anemia in childhood discovered by routine
screening. Although the classic indices for iron deficiency anemia include a low MCV and
a high red cell distribution width, early iron deficiency 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
deficiency 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.'® Examples include congenital or acquired aplastic ane-
mia, transient erythroblastopenia of childhood,'"'* pure red cell aplasia (Diamond-Blackfan
anemia), and viral infections (eg, parvovirus, Epstein-Barr virus)."

Bone marrow infiltration 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),* enzyme defects (eg, glucose-6-phosphate dehydrogenase [G6PD] deficiency,
pyruvate kinase deficiency),' 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 confirm 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."

Rarely, normocytic anemia may result from a combination of a microcytic anemia (iron
deficiency) and a macrocytic anemia (folate deficiency). The 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 deficient 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.”!*!”
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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. The smear may help identify morphologic features to aid
in the diagnosis (eg, spherocytosis, sickle cells) or reveal evidence of hemolysis (schistocytes,
RBC fragments).

The 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.'

A relatively low reticulocyte count (<1%) suggests decreased RBC production. The 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 define specific RBC disorders that result in hemolysis. GGPD
deficiency, 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 deficiency, including a variety of medications, infections, exposure
to mothballs, and, for some variants, fava beans (favism). A positive osmotic fragility test
helps confirm the diagnosis of hereditary spherocytosis and should be considered in patients
with RBC morphology consistent with the diagnosis.'®

Macrocytic Anemias

Macrocytic anemias in childhood are extremely rare and are typically the result of defi-
ciencies in folate or vitamin B .." Folate deficiency 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
B, deficiency may be caused by inborn errors of metabolism, poor dietary intake, and
malabsorption. In cases of significant deficiencies, 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 B,
levels may help confirm the diagnosis, but the underlying cause of the vitamin deficiency
must be determined.
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A macrocytic anemia in a child is always concerning for an undetlying 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 B , or folate deficiency, a referral
to a hematologist is warranted for assessment of macrocytosis to rule out myelodysplasia
or malignancy.

Anemia of the Newborn

The differential diagnosis of anemia in a newborn is distinctly different from that in older
children. Periparcum hemorrhage and maternal factors, such as alloantibodies, are important
in deciphering neonatal anemias. Iron deficiency in the newborn period is quite rare. Anemias
with similar origins may also be displayed differently in infants and children.

Table 5-1 lists the normal hematologic parameters for infants and children. Hematologic
parameters in children evolve over the first couple of months of life. Typically, a normal
hemoglobin level in a term newborn is approximately 19 g/dL. The hemoglobin concentra-
tion falls gradually to a nadir of 10 to 11 g/dL by 8 to 12 weeks of age. This 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.'

When considering the differential 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.”” 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). The 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 significant 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 significant twin-to-twin transfusions,
with differences 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.?!

The 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.'**

The 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.! 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 B chain defects (eg, sickle cell disease, B-thalassemias) may not appear until
later in infancy when the hemoglobin concentration is more dependent on 3-chain produc-
tion. a-Thalassemia 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 deficiencies 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, affected patients are typically not anemic until 3 to 12 months of age.
Congenital leukemias and osteopetrosis may also result in deficient RBC production but
are also typically associated with disorders in the other cell lines and are extremely rare.

» EVALUATION

Anemia is frequently identified in the first 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
office. 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 specific types of anemia. Toddlers and adolescent girls account for most cases of iron
deficiency 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 deficiency anemia.
Sulfa drugs can produce a hemolytic anemia in patients with G6PD deficiency. 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 identified
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 find out later that routine laboratory studies reveal
anemia is not uncommon.

Pallor is the classic physical examination finding 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 Cchildhood 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 first 6 months of life in a term infant is most likely
a congenital anemia.

Gender G6PD is an X-linked disorder.
Race and Hemoglobin S and C are more common among patients of African descent.
ethnicity «-Thalassemias are most common in patients of African or Asian ancestry.

B-Thalassemia syndromes are more common in patients from the Mediterranean.

Nutrition Sources of iron, folate, B
suggests iron deficiency.

and vitamin E should be documented. A history of pica

12!

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 deficien-
cies may result from malabsorption syndromes.

G6PD, glucose-6-phosphate dehydrogenase.

Modified 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 identified 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 flow murmur, whereas more severe anemias may be
associated with signs and symptoms of congestive heart failure. Compensated anemia usually
refers to anemia associated with sufficient 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 classified 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. The mean corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC) are generally of minimal value in the classification
and diagnosis of an anemia. Changes in the MCH typically parallel changes in the MCV.
The 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 deficiency.

» 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. Effective 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 deficiency 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 deficiencies. Specific 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 confirmed

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 Deficiency (fact sheet), Centers for Disease Control and Prevention (www.
cde.gov/needphp/dnpa/nutrition/nutrition_for_everyone/iron_deficiency/index.htm)

Medical Decision Support
e 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 affect 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,' with approximately half experiencing impairment of daily functioning.? Anxiety
disorders (generalized anxiety disorder, panic disorder, separation anxiety disorder, ago-
raphobia, social phobia, post-traumatic stress disorder [PTSD], obsessive-compulsive
disorder [OCD)], specific phobias; see Table 6-1) are among the most common mental
health disorders in children and adolescents.? Anxiety disorders often occur concomi-
tantly with chronic medical conditions—affecting children’s use of medical resources
through frequent emergency department visits and hospitalizations>—and with other
psychiatric disorders, especially depression.* Anxious children often have an anxious or
a depressed parent.

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

The following guidance is based on the work of the World Health Organization, whose
recommendations may be updated annually. The 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 findings that suggest anxiety. These 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
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Table 6-1
General Overview of Anxiety and Anxiety-Related Disorders

TYPE DESCRIPTION

ANXIETY

Generalized Excessive anxiety and worry about a number of events or activities. Children
anxiety disorder 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 | Developmentally inappropriate and excessive fear or anxiety concerning sepa-
disorder 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.

Specific phobias Marked fear or anxiety about a specific 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- Presence of obsessions or compulsions. Obsessions are recurrent and persis-
compulsive tent thoughts, urges, or images that are experienced as intrusive and unwanted.
disorder (OCD) 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 Development of characteristic symptoms following exposure to actual or
stress disorder threatened death, serious injury, or sexual violence.
(PTSD)

Derived from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders.
5th ed. Arlington, VA: American Psychiatric Association; 2013.

severity or effect 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 confirm findings of the initial
screening; and use of a functional assessment tool, such as the Strengths & Difficulties
Questionnaires (SDQ) or 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
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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:

o Infants and toddlers: Crying, clinging,

o 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

o 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

change in sleep or eating habits, regres- changes, physical complaints, academic

sion to earlier behavior (eg, bed- decline, school refusal
wetting, thumb-sucking), repetitive  Somatic features accompany worries: palpi-
play or talk tations, stomachaches, headaches, breath-
o 3- to 5-year-olds: Separation fears, cling- lessness, difficulty getting to sleep, nausea,
ing, tantrums, fighting, crying, with- feeling wobbly (“jelly legs”), butterflies.
drawal, regression to earlier behavior * Panic attacks occur in response to feared
(eg, bed-wetting, thumb-sucking), sleep
difficulty

© 6- to 9-year-olds: Anger, fighting, bully-

objects or situations, or happen spontane-
ously. These are unexpected and repeated

periods of intense fear, dread, or discom-

ing, irritability, fluctuating moods, fear of fort along with symptoms such as racing
separation or of being alone, fear that heartbeat, shortness of breath, dizziness,
traumatic events will recur, withdrawal, light-headedness, fecling smothered, trem-
regression to earlier behavior, physical bling, sense of unreality, or fear of dying,
complaints (eg, stomachaches, headaches), losing control, or losing one’s mind. Panic
school problems (eg, avoidance, academic

difficulty, difficulty concentrating)

attacks often develop without warning and
last minutes to hours.

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 differentiate the use of these tools as screening instruments at routine
visits from their use to refine concerns that have already been raised. When used as screening
tools, they tend to have relatively low sensitivity and positive predictive value. That 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.
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Table 6-2
General Psychosocial Screening/Results suggesting Anxiety

SCREENING
INSTRUMENT SCORE SUGGESTING ANXIETY

Pediatric o Total score =24 for children 5 years and younger.
Symptom e =28 for those 6-16 years.
Checklist e =30 for those 17 years and older.
(PSC)-35 AND

o Further discussion of items related to anxiety confirms a concern in that area.
PSC-17 ¢ Internalizing subscale is =5.

AND

e Further discussion of items related to anxiety confirms a concern in that area.
Strengths & e Total symptom score of >19.
Difficulties ¢ Emotional symptom score of 7-10 (see instructions at www.sdginfo.com).
Questionnaire | e Impact scale score of 1 (medium impairment) or =2 (high impairment).
(SDQ) AND

¢ Further discussion of items related to anxiety confirms a concern in that area.

» ASSESSMENT

Assessment begins by differentiating the child’s symptoms from normal behavior. Some
children have a temperament that is, from the outset, marked by having more difficulty 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 figures. 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.
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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 find 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.
The 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. Differentiating 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 specific 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 specific 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 differs 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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Learning problems

Table 6-3

Conditions That May Mimic or Co-occur With Anxiety

CONDITION RATIONAL

If symptoms of anxiety are associated with problems of school attendance or

or disabilities performance, the child may be experiencing academic difficulties. (See Chapter
49, Learning Difficulty, for more information.)

Somatic Anxious children may present with a variety of somatic complaints (eg, gastro-

complaints 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 difficult 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 difficulties 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 difficulties 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.)




understanding of the condition. For PTSD, linking what may be nonspecific 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 effect on how they plan their
activities or interact with others, and that attempts to stop the thoughts or actions have
been difficult 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 difficult
to resist. The most common concerns center on contamination—fears of touching things
that may be dirty, or the need to repetitively wash or bathe. Other common difficulties 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. The
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
difficulties, 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.?
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 benefit from treatment.

» PLAN OF CARE FOR CHILDREN WITH ANXIETY

The 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 differ from those of their child, can
be a first 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. The process may require
multiple primary care visits.’

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 conflict, resistance to treatment). Use “common
factors” techniques® 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. This 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. The 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:

o [s an external problem causing the child to be anxious (eg, bullying at school, academic
difficulties, disruption at home)? Take steps to address the problem.



o [s 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.

o [5 the child’s worry about a pm’mt} welfﬂre legz'timzlte 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.

o [s 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

The strategies described in the following text are common elements of evidence-based psy-
chosocial interventions for anxiety disorders. They 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. They 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. Thus, starting with a carefully administered psychosocial
treatment plan may be a reasonable first 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. This 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. The child and family may also benefit 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. The 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, finally, tolerate the feared
activity alone (when that is appropriate) but with a chance to get help if needed. During



Signs and Symptoms in Pediatrics

these trials, parents need to stay as calm and confident 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 difficulties, 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 firmly, 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 efforts to protect the
child, buffer 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 ro 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 dont do well....”).

Treat panic attacks. Eatly treatment, including psychosocial and psychopharmacologic
therapy, is useful and may prevent progression to agoraphobia and other problems such as
depression and substance abuse.” 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 effective.

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

OR BRA BEHAVIOR D OR
Small rewards Include positive feedback.
Star charts e Focus on only 1 or 2 behaviors at a time.

e Have 1 star chart per behavior.

e 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.

e Continue awarding stars when they are earned.




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 effectiveness. This 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).

e 'The child or parent is very distressed by the symptom(s).

e There are co-occurring behavior problems. (The combination of shyness, anxiety, and
behavior problems is thought to be particularly risky for future behavior problems of a
more serious nature.)

* The anxiety was preceded by serious trauma or symptoms suggesting PTSD.

* The child seems to have panic disorder or OCD, both of which require specialized
treatment.

 The 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 effective 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 significantly smaller number persist in care.®
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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CLUSTER AREA

Table 6-5

LEVEL 1 (BEST SUPPORT)

Psychosocial and Psychopharmacologic Treatments
for Anxiety (as of November 2014)?

PSYCHOSOCIAL TREATMENTS
LEVEL 2 (GOOD SUPPORT)

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

Anxious or e Cognitive behavior therapy (CBT) o Assertiveness training
avoidant e CBT and medication e Attention
behaviors® e CBT with parents (includes parent e CBT for child and parent (child and
and child, focusing on the child’s parent receive CBT separately,
concerns) focusing on each of their concerns)
e Education e Cultural storytelling
* Exposure e Family psychoeducation
e Modeling e Hypnosis
* Relaxation
e Stress inoculation
Traumatic e CBT e EXposure
stress® e CBT with parents (includes the * Eye movement desensitization and

reprocessing

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, fluvoxamine) 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 efficacy and safety.

US FOOD AND DRUG ADMINISTRATION-APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONS®

aFor AAP policy, please visit pediatrics.aappublications.org/site/aappolicy.

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.

°For up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.ntm.

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 offer both

telepsychiatry services and consultation/referral support “warmlines” that help physicians

provide initial treatment and locate resources. The 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 effects;

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.


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)

e 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

o 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

e Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.
org/psychiatry/services/psc_home.aspx)

o Strengths & Difficulties Questionnaires (screen), Youth in Mind, Ltd (www.sdginfo.com)

o Spence Children’s Anxiety Scale (scale), Susan H. Spence, PhD (www.scaswebsite.com)

o Screen for Child Anxiety Related Disorders (screen), University of Pittsburgh (child
version:  www.psychiatry.pitt.edu/sites/default/files/Documents/assessments/ SCARED
%20Child.pdf; parent version: www.psychiatry.pitt.edu/sites/default/files/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 inflammation, 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.' One retrospective study of 40 pediatric cases
found that 80% could be attributed to acute cerebellitis, toxic ingestion, and Guillain-
Barré syndrome (GBS).? 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.

The 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. The 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 findings 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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BOX 7-1

Causes of Acute Ataxia in Childhood

Infectious/immune-mediated cerebellar Paraneoplastic disorders

disorders * Opsoclonus-myoclonus syndrome

* Acute cerebellar ataxia® Sensory ataxia

* Acute demyelinating encephalomyelitis® ¢ Guillain-Barré syndrome

e Systemic infections ¢ Miller-Fisher syndrome

* Brainstem encephalitis Paretic ataxia

e Multiple sclerosis * Upper motoneuron

Mass lesions e Lesions of frontal lobe, corticospinal pathways

e Tumors * Lower motoneuron

* Vascular lesions e Spinal cord: transverse myelitis, vascular

* Abscesses lesions, cord compression

Hydrocephalus e Peripheral nerve: Guillain-Barré syndrome,

Trauma Miller Fisher syndrome, tick paralysis

¢ Cerebellar contusion or hemorrhage Other neurologic disorders

e Posterior fossa hematoma ¢ Inborn errors of metabolism (see Box 7-2)*

* Postconcussion syndrome * Basilar migraine, benign paroxysmal vertigo

* Vertebrobasilar dissection * Nonconvulsive seizures

Stroke e Central pontine myelinolysis

* Vertebrobasilar dissection or * Wernicke encephalopathy
thromboembolism Functional ataxia

¢ Cerebellar hemorrhage

*Most common.
From Ryan MM, Engle EC. Topical review: acute ataxia in childhood. J Child Neurol. 2003;18:309-316, with permission
from SAGE Publications.

progression. The 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 present, 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).°

Physical Examination

Life-threatening causes of acute ataxia typically originate in the central nervous system. They
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.

The 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.* The 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 7-2

Causes of Episodic or Intermittent Ataxia in Childhood

Recurrence of acute cerebellar ataxia®
Migraine or migraine equivalents
e Basilar migraine®
* Benign paroxysmal vertigo
* Benign paroxysmal torticollis of infancy
e Alternating hemiplegia of childhood
Metabolic disorders
* Mitochondrial disorders
o Pyruvate decarboxylase deficiency
o Pyruvate dehydrogenase deficiency
o Leigh disease
* Amino acidopathies
o Maple syrup urine disease, intermittent
form Hartnup disease
o y-Glutamylcysteine synthetase deficiency
* Urea cycle disorders
o Carbamoyl phosphate synthetase type 1
deficiency
o Ornithine transcarbamylase deficiency

* Organic acidopathies
o Holocarboxylase deficiency
o Biotinidase deficiency
o Isovaleric acidemia
* Carnitine acetyltransferase deficiency
Recurrent genetic ataxias
* Episodic ataxia type 1 (paroxysmal ataxia
with myokymia)
e Episodic ataxia type 2 (acetazolamide
responsive)
* Episodic ataxia types 3 and 4
e Episodic ataxia with paroxysmal dystonia
e CAPOS syndrome (cerebellar ataxia,
areflexia, pes cavus, optic atrophy,
sensorineural hearing loss)
Nonconvulsive seizures
Drug ingestion®
Paroxysmal tonic upgaze of childhood
Cogan syndrome

o Citrullinemia
o Arginosuccinic aciduria

*‘Most common.
From Ryan MM, Engle EC. Topical review: acute ataxia in childhood. J Child Neurol. 2003;18:309-316, with permission
from SAGE Publications.

valuable. The somatic examination should explore for evidence of meningismus: neck stiffness
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 ICE brainstem compression, or cranial neuropathies that may
affect eye movements. If possible, fundi should be inspected for papilledema. The presence
or absence of associated findings to suggest elevated ICD, 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 difficulties 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
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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.” The white matter of the brain and
spinal cord are preferentially affected. Typically, ADEM follows a prodrome of fever,
vomiting, headache, and malaise. The neurologic features are broad’: 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%).° Ultimate outcome does not seem to be
affected by immunologic therapy, which can, however, hasten recovery.

Tumor

Childhood brain tumors occur most frequently in the posterior fossa. The most common tumors
are medulloblastoma, brainstem glioma, ependymoma, and cystic astrocytoma. There 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 difficulties lasting weeks to months. Signs
from obstruction of cerebrospinal fluid (CSF) flow 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. The average time from symptom
onset to diagnosis is 7 months.” 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 reflexes will be present.
In addition, paraneoplastic presentation of tumors (eg, opsoclonus—myoclonus syndrome)
at times need to be considered in the differential diagnosis of ataxia.

Cerebellitis

Acute cerebellitis, also known as acute cerebellar ataxia, is a common, typically benign
infectious or parainfectious phenomenon.? 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.’

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 diffuse injury



causing associated encephalopathy, it is unusual for trauma to present with isolated ataxia.
The important exception to this rule is vertebral artery dissection, which represents 7% to
20% of pediatric ischemic strokes.'® The 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 nonspecific,
88% of patients in a 2005 review had focal neurologic deficits.” 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.? Ingestion associated with ataxia includes antihistamines, alcohol, anticonvulsants
(especially phenytoin and carbamazepine), piperazine, diphenylhydantoin, barbiturates,
carbon monoxide, organic solvents, and bromides."" Accidental ingestion occurs in young
children. Adolescents can also present after ingestion in attempts to self-harm. Symptoms
of ingestion can be nonspecific. Indeed, when symptoms do not fit 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."* 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.* Reflexes are depressed or absent.
Lumbar puncture typically demonstrates dissociation between cells and protein, with
elevated protein and borderline-to-normal WBC counts. The CSF may be normal on
initial presentation.

Three 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 reflexes.
Sustained sphincter dysfunction and a sensory level distinguish TM from GBS. Second, tick
paralysis can also present with pure motor weakness and absent reflexes.”” 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 reflexes. Finally,
brainstem encephalitis can also mimic the Miller Fisher variant of GBS.'

Acute Cerebellar Ataxia

Acute cerebellar ataxia (ACA) occurs most commonly in children younger than 5 years old
but can occur at any age.” It has been associated with a variety of infections but is usually
the result of postinfectious demyelination rather than direct infection. The presentation is
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characterized by maximal deficits 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.'* There 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.'

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

'The clinical symptoms of labyrinthitis are superficially 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. This
condition frequently occurs in clusters of exposed individuals, most frequently in spring
and early summer, supporting an infectious (likely viral) cause."” In particular, the vestibular

nerve is inflamed.

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.>!!

Lumbar puncture should be considered in the setting of suspected infectious or inflam-
matory processes. Normal white blood cell count or a mild pleocytosis is typical in ACA.
More significant 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 effective
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 inflammation 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.



» MIANAGEMENT
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.” A 2004 study of
vestibular neuritis in adults found that vestibular function was improved in patients treated
with methylprednisolone but not valacyclovir.'®

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 identified. 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.'” IVIG should not be used in patients who are
immunogloblin A deficient.

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."?
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

The back encompasses the region from the upper thoracic vertebra (T1) and shoulder
girdle to the sacrum and surrounding musculature. The patient who complains of pain in
this region may have difficulty localizing the source of the pain and describe it simply as
deep pain, or the patient may localize pain to a specific muscle group or vertebral body.
Allowing patients to define in their own words the nature, location, and duration of the
pain is an important first step in arriving at a clinical diagnosis. If parents, coaches, or
peers are available during the interview, they can be valuable to confirm 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.! Clearly,
most people who experience such pain do not seck 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.> 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.” 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. The 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
specific physical findings.
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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.*> 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 specific 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. The differential 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.* 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 inflammatory process presumed to be a bacterial
infection in the intervertebral disk space. Vertebral osteomyelitis usually affects 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.* An underlying leg-length discrepancy of

any cause may result in chronic or recurrent low-back pain from musculoligamentous strain.
y y g

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. The 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 identifiable causes of low-back pain in
this age group.? The 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 (offensive lineman), have great flexibility but may be predisposed to lumbar lordosis
by postural demands and relatively weak core musculature, possibly making them prone
to spondylolysis and disk disease.® 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

Table 8-1
Differential Diagnosis of Back Pain

INFANTS CHILDREN ADOLESCENTS
Diskitis Diskitis Acute
Leukemia, lymphoma Tethered cord Muscle, ligament strain
Vaso-occlusive crisis Osteomyelitis Lumbar disk disease
Osteomyelitis Ankylosing spondylitis Apophyseal ring fractures
Trauma Vaso-occlusive crisis Sciatica

Leukemia, lymphoma Piriformis syndrome

Ewing sarcoma Osteomyelitis

Osteoid osteoma Epidural abscess

Spinal tuberculosis 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)

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 inflammatory bowel disease that with the exception of psoriatic arthritis
can be classified 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. Modifiable
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).””

» 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 beneficial, then a psychosocial or
nonorganic cause should be considered. The Waddell test, a series of 5 questions, may
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be used to help determine whether significant psychological stress is associated with
chronic low-back pain.'
If 3 or more of the following 5 criteria are present, then the test is considered positive:
1. Inappropriate tenderness that is superficial 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 fit with accepted neuroanatomy
5. Overreaction during the physical examination'

» EVALUATION
Infants, Children, and Adolescents

‘The 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.''* The duration of symptoms
is an additional factor because chronic pain, even in adolescent patients, is uncommon and
may indicate structural or serious underlying disease. The evaluation of acute or chronic
back pain should always include motor, sensory, and reflex examination to help differentiate
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, reflex grid. (From Lewis RC. Primary Care Orthopedics. New York: Churchill Livingstone;
1988, with permission from Elsevier.)



protein, and urinalysis and urine culture. Infants, young children, or adolescents who have
fever and back pain must be considered as having an infectious, inflammatory, 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.*'! Spinal tuberculosis (Pott disease) is rare but should be considered when back
pain is accompanied by low-grade fever.?

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 first 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.*”

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.* 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.* 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.'? 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. The 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 specific movements. Associated
signs and symptoms such as neurologic deficits 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.? The 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. 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).? The sensitivity of the stork
test is modest, however, and a negative stork test should not be relied on to rule out an active
spondylolysis.”” The patient usually has no pain with flexion, rotation, or lateral bending of
the back. Hamstring tightness is a common associated finding.'* Plain radiographs of the
lumbar spine should be ordered (anteroposterior, lateral, oblique views). The Scozzy 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.'® 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 affected vertebrae has held its position while the upper vertebral body

Figure 8-2
One-leg hyperextension test (stork test).
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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.)

slipped forward. The 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."”

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.*!' Symptoms are typically worsened by
mechanical strain, as with lifting or coughing. A positive straight-leg raise test or a slump
test (Figure 8-4) is highly suggestive of nerve root compression.'* Using cervical flexion 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 flexion, or marked asymmetry in symptoms, should be considered a positive test.'®"
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 flexion (modi-
fied Schober test), tenderness at entheses (particularly the Achilles-calcaneal enthesis, the
origin or insertion of the plantar fascia, or the base of the fifth 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 confirm local inflammation. The presence of HLA-B27 antigen is not
diagnostic because it is present in 10% to 30% of individuals of European ancestry.

Scheuermann disease, or butterflyer’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 flexion.>*** It must
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Figure 8-4
Slump test. (From Reider B. The Orthopedic Physical Examination. Philadelphia, PA: WB Saunders, 1999,
with permission.)

be differentiated from postural kyphosis, which is commonly seen in adolescents. Postural
kyphosis is a flexible kyphosis that disappears on forward flexion and conscious postural
straightening. Scheuermann disease is confirmed by anterior wedging of 5 degrees or greater
in 3 or more contiguous vertebrae shown on lateral plain spine radiographs.? Oblique
radiographs also should be obtained because spondylolysis is associated with Scheuermann
disease.”!

Stigmata of Marfan syndrome include joint hyperextensibility, pectus excavatum, pes
planus, dislocated lenses, hernias, arachnodactyly, and scoliosis. The 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.” Patients who have
Marfan syndrome are also at increased risk for spondylolysis.'?

» 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."'> When back pain results from an underlying
disorder, treatment of the pain itself should be undertaken in addition to treatment of the
primary condition.



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.?*?* Staphylococcal infection is the most common
cause of vertebral osteomyelitis and should be treated with antibiotics, rest, and a prompt
orthopedic surgery consultation.?

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-inflammatory 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-
inflammatory agents, and patients should be referred to a pediatric orthopedic surgeon for

possible excision or ablation.**”

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.” Continuous-frequency
ultrasound and massage are often helpful. Pain-free activity may be resumed gradually, and
low-back and hamstring flexibility, 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 fixed and the knees bent, by using hip
flexors rather than abdominal muscles, increase intervertebral disk pressure and should be
discouraged. The 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 floor or exercise ball while lying prone are recom-
mended. These 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.”” 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
flexion contractures at the knee and hip and genu valgus could be of benefit.

The 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).
Thoracolumbar bracing to prevent extension has been shown to be helpful in some studies;
however, others showed no difference in outcomes with or without the use of a brace.?
Some experts advocate restricting extension activities without a brace.***? 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.?

Treatment of the spondyloparthropathic conditions involves anti-inflammatory 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.” Thoracolumbar bracing and surgery may be

2,20

indicated if kyphosis is more than 60 degrees.>* 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 effective first 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 findings

* Persistent pain in a preteen

* Dain 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 findings

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)

o 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

o Care of the Young Athlete, 2nd ed (book), American Academy of Pediatrics (shop.

aap.org)
o 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/

AAP POLICY STATEMENT
American Academy of Pediatrics Committee on Psychosocial Aspects of Child and Family Health, Task Force

on Pain in Infants, Children, and Adolescents. The assessment and management of acute pain in infants, chil-
dren, and adolescents. Pediatrics. 2001;108:793—797 (pediatrics.aappublications.org/content/108/3/793.full)
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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.
They 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
identification does not meet the current standard of practice. A 12-lead electrocardiogram
(ECQG) should always be obtained when an arrhythmia is suspected, because electro-
physiologic alterations may be quite subtle and not always identified 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 nonspecific signs and symptoms such as fatigue,
malaise, poor feeding, nausea, and pallor. Older children tend to exhibit more specific
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 filling, ischemia from insufficient 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. The answers to the following 4 questions will define most
arrhythmias:

1. Is the rhythm fast or slow?

2. Is the rhythm regular or irregular?
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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

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 different P-wave morphologies. These 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 definition, premature beats are early and
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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
rthythm is present.

Atrial Premature Contractions

Atrial premature contractions (APCs) are characterized by premature P waves with an axis
and morphology that are different 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 different
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 sufficient to alter feeding and
arousal time may be present. T waves are usually smoothly inscribed, and consistent sharp
deflections 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.

The 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. They are most often without an obvious incitant and are usually not

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 deflection 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 different from sinus QRS beats, occur before the
next expected sinus beat, and are not preceded by a premature P wave. The QRS duration
may be only slightly prolonged. Uniform PVCs have similar morphology to one another,
and multiform PVCs have diverse morphology. The 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. The
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.

_ QT interval (seconds)
\/Preteding RR interval (seconds)

QTc

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 arthythmias, 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
thythm 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.' 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, affecting as many as 1 in
250 children. More than 90% of pediatric SVT is reentrant in nature, involving 2 distinct



Cardiac Arrhythmias m

Figure 9-3
Antegrade conduction over an accessory pathway during atrial fibrillation in a 15-year-old boy with
syncope. The short RR intervals represent rapid conduction over the accessory connection and a risk
for ventricular fibrillation.

atrioventricular pathways with differing 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. The
prevalence of WPW syndrome in the general population is 0.15%, but in many affected
individuals, no SVT occurs. Patients with asymptomatic WPW syndrome carry a small
(0.05%-0.5% per year) but definite risk for sudden death related to rapid antegrade conduc-
tion down the accessory pathway if atrial fibrillation 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 first 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 first 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
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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. The 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. The 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 deflections 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 first dose is ineffective.
Adenosine always should be administered with ECG monitoring to detect the rare conver-
sion to a more malignant arrhythmia. If adenosine is ineffective, 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

A

-

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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Twelve-lead electrocardiogram (ECG) of supraventricular tachycardia in a 2-week-old infant. Consistent
sharp deflections in the T waves are present in lead Ill, 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.

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 first 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 fibrillation 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 efficacy and its potential for toxic-
ity. Beta blockers are not universally effective either and may aggravate congestive heart
failure, sick sinus syndrome, or bronchospasm. Other possible medical therapies include
flecainide, sotalol, or amiodarone, all of which require hospitalization for drug initiation
because of possible proarrhythmic effect. 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 first 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.
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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.?

» ATRIAL FLUTTER

Atrial flucter, 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.” 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 flutter may be seen in older children and adoles-
cents, more common in this age group is a different 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).> 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.® 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 fibrillation, 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 fibrillation in adolescence may be underestimated. If pre-excitation
(WPW syndrome) is present and the accessory pathway is capable of rapid antegrade con-
duction, atrial fibrillation may conduct quickly to the ventricles, with a resultant decrease
in cardiac output, syncope, and the potential for ventricular fibrillation and sudden death
(see Figure 9-3).
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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.

» VENTRICULAR TACHYCARDIA

Ventricular tachycardia (VT) is defined 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. The
QRS complexes are different 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. The differential 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. The presence of similar but
isolated PVCs and fusion beats in sinus rhythm assists in establishing the diagnosis, but
VT is confirmed 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 B-oxidation disorders can
also cause VT in neonates.” 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.®

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.
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Figure 9-7
Ventricular tachycardia: wide QRS tachycardia with atrioventricular dissociation.

Chronic suppressive therapy is predicated on the risk for recurrence, the morbidity and
mortality of the type of VT, and the risk-to-benefit ratio of treatment. Beta blockers, sotalol,
and amiodarone are commonly used to prevent VT recurrences. Other treatments include
implantation of an automatic cardioverter-defibrillator 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 first-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 finding 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. The presence of type 11
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)
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Figure 9-8
Complete congenital atrioventricular block in a newborn infant whose mother has Sjogren syndrome. The
atrial rate is 150 beat/min, and the ventricular rate is 60 beats/min. The QRS duration is normal.

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%). The
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 fibrotic replacement of atrioventricular nodal
tissue with consequent second-degree block or CAVB (Figure 9-8).° Fewer than 5% of
infants born to mothers who have autoimmune disease develop CCAVB.' Infants without
CCAVB born to anti-Ro/SS-A—positive mothers with autoimmune disease may have QT
prolongation and sinus bradycardia." If a mother bears a child who has CCAVB, the risk
in future pregnancies is 15%.'> 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 fibroelastosis).

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 affected patients, congestive heart failure, ventricular ectopy, atrioventricular
valve insufficiency, and a low or decreasing ventricular rate (55 beats per minute or less in
a neonate).” 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

107
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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). The 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. The 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.'? 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."”” Potassium-channel function is affected by mutations on chromosomes 11, 7,
4, and 21, whereas the sodium channel is perturbed as a consequence of mutations on
chromosome 3.

The 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.
'The 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. The 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.' LQTS has been identified as a rare cause of the sudden infant death syndrome.
The highest risk for sudden death occurs in patients with a history of syncope and a QTc of
more than 500 milliseconds."” 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 defined by a corrected QT interval in excess of 460 milliseconds, with a borderline
QTc defined by an interval of 440 to 460 milliseconds. In general, the longer the QTc, the
greater the risk for polymorphic VT. The differential 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 QT’¢, 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 defibrillator. Gene-specific 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 fibrillation as the final common
pathway. Athletic risk may be stratified 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 affirmative 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 defibrillation is mandated. Automatic external defibrillators
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

e DPersistent 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

¢ Diflicult-to-control SVT, atrial flutter

e VT

* Heart disease with syncope, aborted sudden death

TOOLS FOR PRACTICE

Engaging Patient and Family

o 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)

o Watch, Learn and Live (Arrhythmias) (interactive media), American Heart Association
(watchlearnlive.heart.org/ CVML_Player.php?moduleSelect=arrhyrt)

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. Reaffirmed December 2008 (pediatrics.aappublications.org/content/116/6/1574.full)

American Academy of Pediatrics Committee on Sports Medicine and Fitness. Medical conditions affecting
sports participation. Pediatrics. 2008;121:841-848. Reaffirmed May 2011 (pediatrics.aappublications.org/
content/121/4/841.full)
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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 identified as the source of the pain. Pulmonary
diseases—pneumonia, asthma, pneumothorax, and cough itself—account for approxi-
mately one-fifth of cases, and the rest are the result of hyperventilation or psychiatric
causes, gastrointestinal disorders, and, finally, cardiac disease.® 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.””

» 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 inflamed or irritated tissues to
the central nervous system through the primary sensory afferents that terminate in the dorsal
root ganglia. Spinal neurons then transmit the sensation from the inflamed chest wall tissues
to the brain, where it is perceived as a sharp, localized pain. This 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. This overlap of sensory input leads to the phenomenon
of referred pain, which often makes the evaluation of chest pain challenging. Diffuse, poorly
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localized chest pain can originate from any of the organs within the thorax. Inflammation
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 inflammation results in ipsilateral shoulder pain
because of its innervation by the phrenic nerve. The pericardium, positioned on the central
diaphragm, has pleural connections and is innervated by the phrenic, vagus, and recurrent
laryngeal nerves. Therefore, when the pericardium is inflamed or infected, sharp substernal
pain can occur. The 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 inflammation of the pleura that
can occur during the course of pneumonia, pneumothorax, or empyema. Pain from pleural
inflammation is aggravated by respiratory movements. The pain is characterized as well
localized and sharp, exaggerated by coughing or deep inspiration. The pain associated with
a pneumothorax can be pleuritic in nature, or it can be referred to the ipsilateral shoulder.
Pleurodynia is a specific 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.”
The pain associated with esophageal disorders can seem indistinguishable from that associ-
ated with myocardial ischemia because the sensory afferents 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 inflammation of or traction on contiguous structures.

> EVALUATION

History

Because pathognomonic findings are rare on physical examination in the evaluation of a child
with chest pain, a detailed history will help focus the differential 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. Superficial 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 efforts originates from pleural inflam-
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 effusion. Sharp pain that decreases
when the child leans forward is characteristic of pericardial inflammation. 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 different causes of the pain.
Children with asthma can also have gastroesophageal reflux. 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 specific diagnosis; therefore, a
thorough history and physical examination should guide the physician in ordering tests. In
most cases, chest radiographs and electrocardiographs will only confirm 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 effusion, 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.” 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 That Accompany Chest Pain
and Warrant Referral or Hospitalization
SIGNS SYMPTOMS

* Syncope  Cyanosis, toxic appearance, or

* Fevers, chills, weight loss, malaise, anorexia respiratory distress

* History of Kawasaki disease, Turner ¢ Murmur that increases with Valsalva

syndrome, Marfan syndrome, sickle cell
disease, or cystic fibrosis

Recent elective abortion, calf pain, oral
contraceptive use

Family history of hypertrophic obstructive
cardiomyopathy or unexplained syncope

Pica
Foreign body aspiration
Conversion disorder

maneuver

e Pleural or pericardial friction rub

* Pulsus paradoxus

e Cardiac clicks, thrills, gallop, or third
heart sound

* Chest pain with exercise

e 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
finger or with the child’s finger 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 flexion of the
arms is highly suggestive of a musculoskeletal chest wall injury. The pain of costochondritis
causes tenderness over the affected 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 identified 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 effu-
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 effusion 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 intensifies 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 confirm 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
fibrosis, asthma, and Marfan syndrome, but it can also occur in healthy teenagers. A child with
cystic fibrosis 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 reflux 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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MUSCULOSKELETAL

Table 10-1

common, Uncommon, and Rare Causes of Chest Pain
and Associated Signs and Symptoms

CAUSE OF CHEST PAIN SIGNS AND SYMPTOMS

Costochondritis (common)

Localized, superficial, 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-inflammatory 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 reflux
(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 iliness, 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. The pain can last for hours, and it
intensifies after meals and on reclining. Any inflammation of the esophagus, abnormalities
of peristalsis, esophageal foreign body, or trauma can cause chest pain. The most common
gastrointestinal cause of chest pain is esophagitis. However, because the clinical presentation
of esophagitis can be nonspecific, children with idiopathic chest pain may benefit from a
trial of antacids or H,-receptor antagonists before embarking on an exhaustive evaluation.

Cardiac Conditions

The 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 findings at evaluation. Sudden death from cardiac disease
in children is caused by a small subgroup of disorders: abnormalities of the myocardium or
coronary vessels, specific congenital heart lesions, arrhythmias, and conduction disorders."
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 findings. In most instances, the echoviruses, especially coxsackievirus B, are identified
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 outflow obstruction, can cause chest pain as a result of
the heart’s inability to increase the cardiac output with exercise. These 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. The arthythmia can usually be
detected on auscultation and confirmed 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 MVDP than it is in those without MVP!

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 identifiable cause.’* 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.'?

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.”” Emotional causes
for chest pain seem to be more common in adolescents than in children younger than
12 years." Hyperventilation can be associated with the chest wall syndrome but is more com-
monly seen in teenagers with underlying anxiety. The 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. The 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 significant 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

* Dericarditis

* Empyema

* Pneumothorax

* Significant thoracic trauma

* Acute chest syndrome

* Esophageal foreign bodies

* Coronary artery anomalies or other cardiac lesions

* Mpyocardial ischemia

* Chest pain and palpitations

e Cyanosis

¢ Distress

117
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Chapter 11

Constipation

Peter E Belamarich, MD

The 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 defied a comprehensive standard definition.
Several consensus groups have developed definitions of constipation; however, none of
these definitions seems entirely satisfactory to all.! One expert consensus definition 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 suffer from it.> 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.’
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.*

The approach to constipated children used by gastroenterologists is well within the
scope of the primary care pediatric practice. The 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.’

» PATHOPHYSIOLOGIC MECHANISM OF FUNCTIONAL
CONSTIPATION

Normal Colonic Function

The role of the colon is to reclaim water from the liquid ileal efluent. This 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. The final elimination of stool is controlled by defecation, a coordinated
sequence of neuromuscular events with both reflexive 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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BOX 11-1

Definition of Constipation

Constipation is a symptom defined by the e Passage of large stools that may clog
occurrence of any of the following, indepen- the toilet

dent of stool frequency: * Stool frequency less than 3 per week,
e DPassage of hard, scybalous, pebble-like, or unless the child is breastfed

cylindrical cracked stools
e Straining or painful defecation

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. / Pediatr Gastroenterol Nutr. 2002;35
(Suppl 2):S110.

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. This 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 reflexive
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 reflex. 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.®

Factors in Functional Constipation

The pathophysiologic basis of functional constipation is not clear. It may be the final com-
mon pathway for a number of underlying distinct conditions:” 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 fissures, perianal streptococcal cellulitis, traumatic toilet-training
experiences, and transient periods of dehydration, illness, or immobility. Stool withhold-
ing likely figures 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. The child is avoiding painful bowel movements, which makes the stool
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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! The 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 reflex.

This commonly identified abnormality is known variously as rectoanal pelvic floor
dyssynergia, abnormal defecation dynamics, and anismus.® 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.” In a significant subset of children who experience persistent constipation,
withholding becomes entrenched and particularly difficult 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.®

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 finding 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. These
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.'® Whether slowed colonic
transit is the primary problem or is secondary to distal difficulties with defecation is
unclear. Slow-transit constipation in children is not easily differentiated 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 fiber 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 fiber intake as a risk factor for childhood con-
stipation; however, substantial overlap exists in the fiber intake between cases and controls.'!
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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'The tenacious and harmful myth that iron-containing formula causes constipation has been
disproved many times.

» DIFFERENTIAL DIAGNOSIS

The differential diagnosis of chronic childhood constipation includes many conditions
(Box 11-2). Despite the large number of possible diagnoses, at least 90% of affected
children have functional constipation.

Frequently, the foremost consideration in the differential diagnosis of chronic constipa-
tion is Hirschsprung discase. The 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
reflects the complexity and duration of intervention required to treat functional constipation
adequately than a missed diagnosis of Hirschsprung disease. Fortunately, several findings
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 reflex, whereas this reflex is absent with Hirschsprung disease.
Simply stated, stool withholding behaviors are a historical finding that almost always rule

BOX 11-2
Differential Diagnosis of Constipation in Childhood
FUNCTIONAL CONSTIPATION o Sl
« Disorders of intestinal neuromuscular O Lahdelonit

st MEDICATION AND TOXIN RELATED
ANAL AND RECTAL DISORDERS T

e Anal fissure ¢ Anticholinergics

. . * Anticonvulsants
* Anterior ectopic anus

* Opioids

¢ Anal stenosis . . .
* Bismuth, aluminum hydroxide

* Anorectal malformations o .
L e Tricyclic antidepressants
* Rectal duplication

¢ Iron preparations (not iron-fortified
e Anal trauma (abuse) prep

formulas)

e Pelvic tumor (presacral teratoma, ganglio- .
b > §ang ¢ Plumbism

neuroma, ovarian cyst, hematocolpos)

NEUROLOGIC—NEUROMUSCULAR

¢ Infant botulism

MISCELLANEOUS
* Hirschsprung d.lsease e Celiac disease
¢ DPseudoobstruction syndromes . .
. . * Cystic fibrosis
e Spinal cord lesions
* Spinal dysrhaphism, including spina bifida
* Cerebral palsy

e Neuromuscular diseases with hypotonia

METABOLIC AND ENDOCRINE

* Cow milk allergy
* Scleroderma
e Systemic lupus erythematosus

* Hypothyroidism
* Diabetes insipidus
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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 first 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.

N

. 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 specifically affect 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 difficult to treat.

Anorectal disorders producing constipation include anal fissures, 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. The 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,' in which the anal orifice

Table 11-1
Comparison of Hirschsprung Disease to Functional
Constipation
ARA - D R DISEA ONAL CO DATIO
Prevalence ~1in 6,000 births 1.5% of 7-year-old boys
Failure to pass meconium <24 hr 58%—94% ~5%
Constipation in first 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 reflex absent Rectoanal reflex present
Typical barium enema Distal spasm, proximal Diffusely dilated colon and
dilatation rectum
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is misplaced anteriorly so that the stool bolus must turn anteriorly at the perineum to exit.
The 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 affecting the second, third, and fourth sacral nerves are associ-
ated with both sensory and motor deficits affecting 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 findings
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. These conditions generally
do not manifest with chronic constipation as a sole symptom.

Both cystic fibrosis 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.''* 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 findings 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 abnormalities of gait, urination, absence of
stature anal wink or cremaster reflex
o Thyroid function tests o Consider imaging the lumbosacral spinal
o Celiac panel cord (ultrasound, magnetic resonance
o Sweat test imaging)
o Hirschsprung disease e For refractory constipation
* For delayed passage of meconium o 'Thyroid function tests
o Anorectal manometry o Serum calcium
o Rectal suction biopsy o Potassium
o Unprepared contrast enema o Lead
o Sweat test o Celiac panel
e For hair tufts, lipomas or hemangiomas o Sweat test

overlying the lumbosacral spine and for

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 first 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 reflex at birth, and infants exhibiting this behavior are likely attempting, unsuccessfully,
to coordinate the voluntary with the involuntary components of defecation.

The 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. The 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. The parent inquires, “Did you go?” The child answers, “Yes.” Thus both parties
are happy. This 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 flatus, or anorexia. Finally,
pelvic floor dyssynergia seen in children with stool withholding can affect 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. The history should incorporate
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BOX 11-4

Findings That Support the Diagnosis of Functional

Constipation

* Onset after infancy  Absence of red flags

* Presence of stool-withholding ¢ Episodic passage of large-caliber stools
behavior

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. The newborn history should specifically establish
whether the child passed meconium in the first 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. The 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: fissures, 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 specific therapies that can be incorporated in the treat-
ment plan, if they pose no harm.

Specific questions should address the differential diagnosis. Symptoms of Hirschsprung
disease, as well as endocrine, metabolic, and neurologic disease, should be sought. The pos-
sibility of an occult spinal process affecting 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. The family history covers heritable conditions in the differential 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. The child should appear well and not wasted or malnourished. The
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. The external
examination of the perineal area is performed to establish normal placement of the anal
orifice and to look for evidence of soiling, fissures, 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 efface the internal sphincter along
the rectal wall, making the anal canal feel foreshortened. Children who soil from chronic
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constipation with a megarectum have only a sensory disorder; thus, the tone of the internal
sphincter should be normal. The 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.

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

Routine laboratory tests are not indicated in evaluating for functional constipation.’ In
addition, a recent systematic review has shown that plain abdominal radiographs do not have
significant diagnostic value.” Nonetheless, plain radiographs of the abdomen can be used
selectively for confirmation 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 flags 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 affected 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 modification.

BOX 11-5

Red Flags in Childhood Constipation

* Failure to thrive, weight loss, poor growth * Persistent blood in stool or guaiac-positive
* Vomiting stool

* Abdominal distention * Delayed passage of meconium

* DPersistent anal fissures, perianal disease * 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 fissures should be treated with petroleum jelly. Two studies have estab-
lished the efficacy of polyethylene glycol (PEG) in infants.'®"” Infants whose constipation is
refractory to these measures should be referred to a pediatric gastroenterologist.

Treatment in Toddlers and Older Children

The treatment of established constipation is divided into 3 phases: (1) education and
disimpaction, (2) maintenance, and (3) weaning. This method has been adopted widely
by pediatric gastroenterologists and advocated in published guidelines.’

Education

The 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. That’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. This 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),”'® 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 effective 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."” In
4- to 11-year-old children, a comparison of daily oral PEG for 6 days versus daily enemas
for 6 days showed equal efficacy in resolving fecal impactions. The choice of enemas versus
the oral route should be made with the child and family’s input.?’

The 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, fiber is withheld during the disimpaction phase of treatment.

Maintenance

The 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
Constipation?
AXA DOSA
DISIMPACTION
Enema
Hypertonic sodium 3 mL/kg/dose, once daily via rectum for 3-6 days, maximum
phosphatea? 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 effluent clear

MAINTENANCE
Polyethylene glycol, electrolyte free 0.8-1.5 g/kg/day

powder

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 mL® 10-20 mg/kg/dose po ghs

aNot recommended for children younger than 2 years of age.
"See 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.”' 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.*
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, effective dose, and the absence of unanticipated or serious adverse effects
in small groups of study subjects.?**

A recent systematic review of nonpharmacologic therapies for childhood constipation
concluded that apart from an increase in fiber intake, other therapies such as an increase in
fluid 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 offered as evidence-based recom-
mendations.” These therapies deserve further study because they may be beneficial and are
associated with little harm. The addition of dietary fiber is a widely advocated adjunct to the
treatment of childhood constipation, and a recent randomized controlled trial has shown
benefits of a fiber supplement when prescribed with a laxative.” Alternatively, dietary changes
that increase the child’s fiber 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 efforts are deferred until the child stops withholding. For older children,
a behavioral modification program of sitting on the toilet for 5 to 10 minutes after meals
to capitalize on the gastrocolic reflex is recommended, with success rewarded by the use of
a star-chart system: the child should be rewarded for the targeted behavior (sitting). The
physician is responsible for titrating the laxative dose to achieve the desired effect (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 significant
mental health problem complicates the treatment regimen.

Weaning From Maintenance Therapy

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. Efforts to increase the child’s fiber 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. The 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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BOX 11-6

Common Reasons for Treatment Failure
of Functional Constipation

* Reliance on dietary advice alone e Failure to address widely held notion that
* Inadequate disimpaction laxatives are addictive, leading to premature
* Failure to escalate laxative dose to achieve discontinuation

1 to 2 soft stools per day * Relying on dietary fiber alone

Remaining optimistic and involved at this point is important because improvement beyond
12 months of therapy is well documented.*?"

When to Refer

* Abnormal studies

* Findings that are inconsistent with functional constipation (growth failure, distention,
vomiting, bleeding)

* Significant behavioral, emotional, and parenting problems complicating treatment

¢ Refractory to comprehensive treatment regimen

When to Admit

* Constipation associated with obstruction or enterocolitis
e 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)

e Toiler Training (Web page), American Academy of Pediatrics (www.healthychildren.org/
English/ages-stages/toddler/toilet-training/Pages/default.aspx)

* Toiler 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):¢370-381 (pediatrics.aappublications.org/content/115/3/e370.full)


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

Ccough

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 significant 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. The cough reflex 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 afferent 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 afferent pathway to the medullary cough center. The reflexive efferent response of this
activation causes the coordinated activity of glottic closure and diaphragmatic, chest wall,
abdominal, and pelvic floor contraction, resulting in cough.’

The cough sequence can be divided into 3 classic phases. The first 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 ineflicient removal of these materials will result in recurrence of

the cough sequence, as will ongoing irritation or inflammation.

» CLASSIFICATION

Many classification schemes for cough have been developed over the years, and each has
its benefits and limitations.> Ultimately, any useful classification scheme must help in
planning an efficient 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.
'The second question is whether the cough is triggered by upper, lower, or combined airway
pathology (although the effect of the upper airway on the etiology of cough is somewhat
controversial), and whether it is specific or nonspecific. This 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 differential 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 inflammation (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. Therefore, cough
character, although helpful, should not limit the differential 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.? 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 fistula with aspiration; and cough
after feeding with spitting up, retching, or arching of the back suggests gastroesophageal
(GE) reflux.*

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. These chil-
dren are also at risk for protracted bacterial bronchitis, although the effect 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 first step. Cough beginning relatively suddenly in adolescents, especially at times
of psychosocial stress, might indicate a psychogenic origin.>”
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Classifying cough in this way, using key historical information, can provide a useful
starting point in developing a differential diagnosis. Studies have shown that an organized
approach to the assessment and management of cough can greatly improve diagnostic and

treatment success.®’

» EVALUATION
History
Personal and Family History

The 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. The 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 fibrosis or an immune deficiency. 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 first-degree relatives confers a 2- to 4-fold increase in risk of asthma
in the child." Similarly, a family history of early childhood death related to infection makes
an immune deficiency 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
reflux. Infants with poor Apgar scores, perinatal hypoxia, or a difficult 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 significantly 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 ineffective cleaning of bathroom tile; dust
mites from mattresses, pillows, stuffed animals, or forced air heating systems; and roaches,
mice, and household pets all increase the risk of allergy and asthma symptoms.'" 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

137
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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

The 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. Inflamed 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.'? 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 inflam-
mation, in the absence of other signs of acute infection, suggests GE reflux. Oral mucosal
ulcerations or thrush suggests an immune deficiency. 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 inflammation. Similarly, a change in the quality of air exchange can be an eatly find-
ing in asthma and other diseases of airways obstruction.'>!

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 airflow insufficient to uncover milder changes may mask both inspiratory and expiratory
findings in infants and children who do not take deep breaths on command. Every effort
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 firmly but gently compressing
the anteroposterior chest wall inward once the child has begun voluntary exhalation. This
approach will frequently uncover milder degrees of wheezing previously not appreciated with
passive breathing. The 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 effectively.

Laboratory Evaluation
Hematologic Tests

Acute cough rarely needs extensive laboratory assessment. A detailed history and physical

examination are usually sufficient to reach an accurate presumptive diagnosis, and response



to empiric therapy will confirm 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 differential 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. The 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 difficult 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.'>'> Advanced imaging
techniques (computed tomography) can be considered in complicated cases.

Gastroesophageal Tests

When aspiration or GE reflux (although the effect of GE reflux as a trigger for cough has
not been clearly proven) is a consideration, a barium swallow (modified for aspiration and
standard for GE reflux) may be useful. Although barium swallow is of limited use in diag-
nosing GE reflux (approximately 40% false negative), looking for anatomic causes related
to esophageal abnormalities such as partial obstruction, tracheoesophageal fistulae, and
vascular rings, is important in infants. Monitoring with a pH probe is the gold standard for
diagnosing GE reflux; however, many experts suggest a period of empiric therapy if reflux is
suggested by history and physical examination findings, with the pH probe being reserved

for patients in whom primary empiric treatment fails.'**

Pulmonary Function Tests

Early use of pulmonary function testing can be very helpful in making the distinction
between upper and lower airways disease and differentiating 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."

Flattening of the inspiratory portion of the flow-volume loop suggest upper airway
obstruction, whereas changes in the ratio of the forced expiratory volume in the first 1 second
to the forced vital capacity of the lungs (FEV /FVC) or the forced midexpiratory flow 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 3-2 agonist
confirms the diagnosis of asthma and leads to effective therapy.

In younger children, 3 to 6 years old, impulse oscillometry may be used to assess airways
resistance and response to bronchodilators. This 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
first 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 confirming the diagnosis of protracted purulent bron-
chitis and directing appropriate antimicrobial therapy.”® 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, flexible bronchoscopy (vs laryngoscopy) is still preferred to make
the definitive diagnosis since lesions below the vocal cords up to the thoracic inlet can still

be the cause of upper airway symptomatology.?*

» 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.”¢ Empiric therapy, based on primary assessment, can be a reasonable starting point.
Judicious use of laboratory testing, as previously discussed, can be helpful in confirming
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 effective 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. The
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 offer any significant clinical benefit.”~*°
In addition these cough and cold medications should not be given to children younger than
4 years because serious and potentially life-threatening side effects can occur from their
use.’"3? Finally, several studies have shown that honey may be beneficial in children older
o333

than 2 years of ag

Expectorants

Expectorants such as guaifenesin (formerly known as glyceryl guaiacolate) may be used
in an attempt to make secretions more fluid and reduce sputum thickness, however the
effectiveness of this treatment has been called into question.®® This therapeutic approach
may be useful when drainage of secretions is important, as with sinusitis. Because expec-
torants work by increasing the fluid content of secretions, water is probably the most
effective expectorant. Saline nose sprays can make secretions more fluid 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 effects when used at effective 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 fibrosis; however, its propensity for inducing airway
reactivity and inflammation has lately made it less popular.’®?

cough Suppressants

Cough suppressants, which can be divided into peripheral and centrally acting agents,
can be effective 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
effects are short-lived because oral secretions rapidly wash them away. Centrally acting
cough suppressants, including both narcotic and nonnarcotic medications, suppress
the cough reflex at the brain stem level. The narcotic agent most commonly used in
children is codeine. Although it has been shown to be effective in adults, studies on its
safety and efficacy 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 efficacy 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 efficacy combined with a risk of side effects
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 effect 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 H -receptor
antagonists may decrease nasal drip by exerting an anticholinergic effect. Additionally,
diphenhydramine may have a modest direct effect on the medullary cough center. The
clinical benefits of these agents are unclear.”®
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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 3-2 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

e 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 (flyers and posters), Centers for Disease Control and Prevention (www.
cde.gov/flu/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)

o 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):¢262—-¢280
(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 finding, as in a healthy newborn with acrocyanosis or when
observed in the lips and fingers of a child who has been in the cold ocean, acute cyanosis often
indicates a significant reduction in oxygen concentration and may signify a life-threatening
event. The 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.!

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 differentially with only lower parts of the body affected. The
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. The 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,” but some reports suggest that the threshold for detecting
cyanosis may be as low as 1.5 g/dL.? The appearance of cyanosis is related to the absolute
concentration of deoxygenated Hgb rather than to a specific oxyhemoglobin saturation
(8a0,). Cyanosis in a patient with a Hgb concentration of 15 g/dL will be apparent at
an arterial SaO, 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. The 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. Thus, 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 different degrees of desaturation in
different children and at different 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.

The arterial Hgb oxygen saturation measured with a pulse oximeter is referred to as
SpO, to distinguish it from a saturation measurement obtained from an arterial blood
gas (ABG), which is referred to as SaO,. SpO, and SaO, are often used interchangeably
and are usually almost identical in the absence of significant amounts of carbon mon-
oxide, methemoglobinemia, elevated bilirubin levels, or very poor perfusion.* A pulse
oximeter measures SaO, directly and permits the recognition of decreasing degrees of
SaO, 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.’

In an ABG sampling, the pH, PCO,, PO,, and $a0, are determined in addition to
other values. Depending on the type of ABG analyzer, the SaO, is measured directly in a
process called co-oximetry or is calculated based on the pH, PCO,, PO,, and oxyhemoglobin

dissociation curve.®

» 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 flow 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). The mucus membranes generally remain pink. A form of peripheral cyanosis
that usually reflects benign vasomotor changes in the affected 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.”® It is seen in well babies and resolves within the first few days of life.

Acrocyanosis may also occur in infants when they cry, regurgitate, vomit, cough, or hold
their breath. This finding is often very alarming to the caregiver who witnesses the event,
and it requires careful questioning and observation to differentiate it from serious underly-
ing pathology (eg, seizure, apneic episode, cardiac arrhythmia, congenital heart defect). The
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. This 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. The amount bound
to Hgb is reflected by the oxyhemoglobin saturation, and the amount dissolved in plasma
is measured by the PaO,. The role of oxyhemoglobin saturation on the oxygen content of
blood is described by the equation

CaO, = [Hgb] X SaO, X 1.36 mL/g + 0.003 X PaO,

where Ca0, is the oxygen content, [Hgb] is the concentration of hemoglobin in g/dL,
Sa0, is the oxyhemoglobin saturation, 1.36 mL/g is the binding capacity for oxygen in
mL/g of Hgb, and PaO, 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 flow
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% flows to capillary beds throughout the body, where in the
course of traversing the tissue beds approximately 25% of the Hgb-bound oxygen molecules
are offloaded to the tissues. This is known as oxygen consumption or utilization. The 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. The 25%
difference 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 flow), a higher proportion of oxygen is drawn from Hgb, resulting
in greater than 25% extraction.

Hypoxemia is the term used to describe decreased oxygen tension (PaO,) and satura-
tion (Sa0,) 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.’

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. The 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. This 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 difference, 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. Thus, the blood in the capillary bed will look cyanotic.
The preservation of an arterial to venous oxygen content difference 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 significantly desaturated
or cyanotic arterial blood.

» PULMONARY MECHANISMS OF CYANOSIS

The 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.
The 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. These 5 mechanisms of hypoxemia are mismatching of alveolar ventila-
tion to perfusion, intrapulmonary shunt, hypoventilation, diffusion block, and breathing
hypoxic gas mixtures.'’

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 flow 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. The 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 = o). 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 discases
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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 suffocation. 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 airflow
can potentially cause significant 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 fire 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 effect of altitude on
barometric pressure. At higher altitudes, the barometric pressure, and hence the amount of
oxygen available to breathe, is lower: arterial PaO, and SaO, thus fall in proportion to the
decrease in barometric pressure.

Diffusion 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. Diffusion block is seen with pulmonary fibrosis.

The SaO, of arterial blood depends on the effectiveness of oxygen transfer at the alveolar
level but is also affected by the shunting of venous blood into the systemic arterial system
through the heart or lungs. The addition of desaturated venous blood to oxygenated blood
is called venous admixture and is the mechanism behind intrapulmonary shunt. The resultant
saturation of the arterial blood is proportional to the amount and saturation of the com-
bined blood volumes. It is the SaO, and oxygen content of the blood volumes that are being
combined that influence the resultant saturation, not the PaO,. Breathing 100% oxygen
for a prolonged time can partially correct desaturation resulting from alveolar hypoventila-
tion, diffusion 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 flaring, 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 difficult
delivery, meconium-stained amniotic fluid, 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 PaO, may increase to greater than
100 mm Hg in infants with forms of cyanotic heart disease with high pulmonary blood
flow such as total anomalous pulmonary venous recurn (TAPVR). If there is an inadequate
rise in PaO, 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 affecting infants in winter months. The airways become edematous and infiltrated
with inflammatory cells, ultimately obstructing the lumens. In addition to signs and symp-
toms of respiratory distress such as tachypnea, retractions, grunting, and nasal flaring, 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 significant upper airway obstruction and stridor often
demonstrates substernal retractions. Worrisome symptoms are change in voice, muffling or
hoarseness, and difficulty in swallowing and handling secretions.

Croup, usually from infection with the parainfluenza virus, is the most common cause
of stridor in children. Less common inciting agents include influenza, adenovirus, measles,
and RSV. Croup usually occurs in children aged 6 months to 3 years. The 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 influenzae. Patients present with high fever, toxic
appearance, and stridor. The incidence of epiglottitis has decreased significantly since the
introduction of the Haemophilus influenzae 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 findings.

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.



» CYANOSIS WITH HEART DISEASE

Pediatric heart disease of several different 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 insufficient pulmonary blood flow.

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 fluid from the
capillary to the interstitium and from there to the alveoli. The presence of edema fluid in
the alveoli overwhelms the pulmonary lymphatics, deactivates pulmonary surfactant, and
results in alveolar flooding and collapse. The 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 effectively separates the left atrium from the left ventricle and, with
each systole, there is retrograde flow of blood into the left atrium and pulmonary veins,
leading to pulmonary edema. A similar effect occurs when the mitral valve leaflets 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 flows from the
left ventricle to the right ventricle because of the lower resistance of the pulmonary vascular
system. There is no cyanosis. However, if the VSD is unrestrictive to flow 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. The pulmonary vascular resistance may become so high that the shunt reverses
direction, with blood moving in a right-to-left direction through the VSD. This 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 significant cyanosis. An infant with CCHD typically develops cyanosis
in the first 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 flow (right-to-left shunt). In many cases, patients with cyanotic
heart disease either deteriorate hemodynamically or become progressively more
cyanotic as the PDA closes.

The lesions of CCHD can be placed into different 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 flow 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 flow 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
(DORY), 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 SaO, 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 differential 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 differential cyanosis."!

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 flow. In that the benefits of prostaglandin are lifesaving and
the drawbacks minimal, the threshold should be very low for initiating PGEI1 therapy until
ductal dependent heart disease is ruled out. The PGE! 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 effects
of PGEI 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
significant apnea occurs.'

Abnormalities of the Right Ventricular Outflow 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. There is diminished pulmonary vasculature.
Electrocardiogram demonstrates right axis deviation and right ventricular hypertrophy.
With TOE the degree of cyanosis depends on the severity of the right ventricular outflow
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: affected infants initially



become hyperpneic and restless as cyanosis increases; the murmur of pulmonic stenosis
softens and then disappears as pulmonary blood flow 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 flow.

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 sufficient pulmonary blood flow from collateral
vessels from the descending aorta (identified by a continuous murmur heard over the back),
the patient may not require treatment with PGEL.

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 flow 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 flows 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 flow depends
on the relationship of the great arteries, the size of the VSD, and the presence or absence of
pulmonic stenosis. If pulmonary blood flow is unobstructed, patients may have tachypnea
and heart failure with minimal to no cyanosis. Physical examination is significant 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 flow 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
leaflets into the right ventricular cavity. The severity of the disease is dependent on the degree
of displacement and the ability of the remaining portion of the right ventricle to generate
sufficient force to pump blood into the pulmonary arteries. Newborns may have massive
cardiomegaly on chest radiograph, marked cyanosis, a holosystolic murmur with a gallop
thythm, hydrops, and pulmonary artery hypoplasia. Infants with severe disease require
PGE1 to maintain pulmonary blood flow 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. There are 2 separate parallel circulations with oxygenated blood continu-
ously circulating through the lungs and deoxygenated venous blood becoming increasingly
deoxygenated as it flows through the systemic arterial circulation. Left untreated, affected
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 effective pulmonary blood flow (deoxygenated blood from
the systemic circulation reaching the pulmonary vascular bed) and little effective systemic
blood flow (oxygenated blood that perfuses the systemic bed). The 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. The typical neonate
with TGA and an intact ventricular septum becomes progressively more hypoxemic as the
ductus arteriosus closes. Frequently, these neonates are given PGE1 undil 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 differential 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 first 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. The degree
of cyanosis depends on the amount of pulmonary blood flow, 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. The 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
insufficient flow 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 affected 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 flow,
but, given the absence of forward blood flow through the aortic valve, the coronary arteries
and the right arm are also dependent on the ductus via retrograde blood flow. Closure of
the ductus with HLHS often results in rapid cardiac arrest and death.



In HLHS, the SaO, reflects 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. This 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. The measurement of SaO, 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 flow 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 flow into the lungs and into the systemic vasculature. An
acute rise in saturation could represent a preponderance of blood flow into the lungs to the
detriment of systemic flow, resulting in acidosis and signs of systemic hypoperfusion despite
the higher SaO,.

» 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 Fe* to Fe®*, combined with the deactivation of
the usual process for reducing methemoglobin back to Hgb. The only accurate method of
determining the concentration of methemoglobin is through co-oximetry.''¢

With carbon monoxide poisoning, significant tissue hypoxia can result from the increased
affinity 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 SaO,. Standard pulse oximeters do not accurately
measure Sa0, in the presence of carbon monoxide, but special pulse oximeters are now
available to determine carboxyhemoglobin saturation.'

Cyanide binds to the iron of cytochrome a3, not Hgb. Thus, cyanide poisoning does
not directly cause cyanosis, but results in significant 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-
ficient tissue hypoxia makes the muscles of respiration dysfunctional, cyanosis results from

hypoventilation.'®

» 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. This
constellation of features is called Sandifer syndrome and often responds to treatment of
the gastroesophageal reflux."”

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.



m Signs and Symptoms in Pediatrics

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. These
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 first 6 to 24 hours of life and is
usually of little significance in an otherwise well newborn. Central cyanosis persisting
beyond the first 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 SaO, ranging from only 50% to 65% (PaO, 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 affinity than Hgb A. In utero, there is only minimal blood flow 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 flows 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 first few
breaths, the lungs become an extremely efficient gas exchange organ resulting in SaO, levels
sufficient 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.
The 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.’

In the period following birth, the persistence of Hgb E with its higher affinity 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%. Thus, in the presence of Hgb F a greater degree of hypoxemia is required for
cyanosis to be visible.

The 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 PaO,, 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.?
In pulmonary causes of cyanosis or hypoxemia, there should be a significant increase in
Sa0, and PaO, with administration of 100% oxygen. A PaO, 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 flow is present, there can be a significant increase
in PaO, or SaO, during a hyperoxia test. A PaO, greater than 250 mm Hg makes cyanotic
heart disease unlikely, but a PaO, 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 SaO, or PaO, 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 significant 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 flow
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. This 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. The 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 differential oxyhemoglobin saturation
or differential 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.'®2
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Chapter 14

Depression

Lawrence S. Wissow, MD, MPH

Symptoms of depression affect 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
significantly higher at up to 20%.'

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 effects on school performance,
early pregnancy, and impairment of function in the work, social, and family environments.
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.? 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.

There is some evidence that either initial onset or recurrence of depression may be pre-
ventable. Nurturing care during the critical first years of life, warm and confiding family
relationships, learning active coping strategies for predictable stressors, promoting a sense
of self-efficacy 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.

The guidance in this chapter applies to the care of children presenting with undifferenti-
ated depression in pediatric clinical settings. It is based on the work of the World Health
Organization, whose recommendations may be updated annually. The most up-to-date
information can be found at www.who.int.

» FINDINGS SUGGESTING DEPRESSION

Though 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 findings 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 * Weight loss (or failure to gain weight
YOUTH OR PARENT normally) or excessive weight gain

¢ Low self-esteem
* Low or sad mood present most days ¢ Loss of ener.
 Loss of interest in school or other activities o Agitation orgs}llo ine of movement or
W] Vi
present most days = &
speec

* Loss of pleasure in activities formerly enjoyed
(When is last time he/you had fun?)

e Suicidal thoughts or acts

RISK FACTORS FOR INCREASED
SUSCEPTIBILITY

e Irritability (especially in adolescents)

* Academic difficulties * Adverse childhood experiences (eg, mother
* Withdrawal from friends and family experienced postpartum depression)
e Physical symptoms such as headaches, e Prior trauma or bereavement
abdominal pain, trouble sleeping, fatigue, * Family breakdown
or poor control of a chronic illness e Shy personality
* Hopelessness e DPeer relationship problems
* Poor concentration * Breakup of a relationship; setback or

* Poor or excessive sleep for developmental stage disappointment
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Table 14-1
General Psychosocial Screening/Results
suggesting Depression

SCREENING INSTRUMENT SCORE SUGGESTING DEPRESSION

Pediatric Symptom o Total score =24 for children 5 years and younger.
Checklist (PSC)-35 e =28 for those 6-16 years.

e =30 for those 17 years and older.

AND

e Further discussion of items related to depressive symptoms
confirms a concern in that area.

PSC-17 e Internalizing subscale is =5.

AND

e Further discussion of items related to depressive symptoms
confirms a concern in that area.

Strengths & Difficulties ¢ Total symptom score of >19.
Questionnaire (SDQ) e Emotional symptom score of 7-10 (see instructions at www.sdginfo
.com).

¢ Impact scale (back of form) score of 1 (medium impairment) or =2
(high impairment).

AND

e Further discussion of items related to depression confirms a concern
in that area.

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 Modified Patient Health Questionnaire-9 (PHQ-9)
can also be used to screen adolescents for depression or to help confirm findings of a general
psychosocial screening.

It is important to differentiate the use of these tools as screening instruments at routine
visits versus their use to refine concerns that have already been raised. When used as screen-
ing tools, they tend to have relatively low sensitivity and positive predictive value. That 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. The use of a functional
assessment tool such as the Strengths & Difficulties Questionnaire (SDQ) or Columbia
Impairment Scale (CIS) will assist the clinician in determining whether the child’s func-
tioning is significantly 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 differentiating 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.


http://www.sdqinfo.com
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Box 14-2

Criteria for Major Depressive Episode (DSM-5)

A. Five (or more) of the following symptoms ideation without a specific plan, or a

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. Significant 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

suicide attempt or a specific plan for
committing suicide.

B. The symptoms cause clinically significant

distress or impairment in social, occupational,
or other important areas of functioning.

. The episode is not attributable to the

physiologic effects of a substance or to
another medical condition. Note: Criteria
A—C represent a major depressive episode.
Note: Responses to a significant loss (eg,
bereavement, financial 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 significant loss
should also be carefully considered. This
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.

. The occurrence of the major depressive epi-

sode is not better explained by schizoaffec-
tive disorder, schizophrenia, schizophreni-
form disorder, delusional disorder, or other
specified and unspecified schizophrenia
spectrum and other psychotic disorders.

. There has never been a manic episode

or a hypomanic episode. Note: This
exclusion does not apply if all of the
manic-like or hypomanic-like episodes
are substance-induced or are attributable
to the psychological effects 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.

There 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.
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CONDITION RATIONALE

Table 14-2
Conditions That May Mimic or Co-occur
With Depression

Sleep Sleep problems can cause irritability and labile mood; conversely, depression may

deprivation contribute to difficulty sleeping.

Somatic Depressed children may present with a variety of somatic complaints (eg, gastro-

complaints intestinal symptoms, headaches, chest pain). Conversely, acute or chronic medical
conditions or pain syndromes may cause depression.

Learning If symptoms of depression are associated with problems of school performance,

problems or the child may be experiencing learning difficulties. See Chapter 49, Learning

disabilities Difficulty, 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 difficulties 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 difficulties 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 children may manifest depressive symptoms. Children with conduct
oppositional problems are at higher risk for suicide. See Chapter 16, Disruptive Behavior and
disorders 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 unjustified 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
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Table 14-2
Conditions That May Mimic or Co-occur
With Depression—cont’'d

CONDITION RATIONALE

Bipolar Adults and older adolescents with bipolar disorder may have markedly varying low
disorder 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 confidentially 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.

The 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 significant 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 identified the means (ropes, medications,
knives or other weapons) are at high risk of
harming themselves. They require both a
short-term plan for safety and an urgent men-
tal health evaluation. For more information,

see Chapter 68, Self-harm.
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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. The 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. The process may require
multiple primary care visits.

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 conflict, resistance to treatment). Use “common factors”
techniques’ 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. There 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 affected 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. Though 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.

The 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:

o Apre 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. The effects of profound losses, such as the
death of a sibling or parent during childhood or removal from parents, last a lifetime.
The 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.

e [s the youth or family experiencing unusual stress? The family can work to try to reduce
stresses and increase support for the youth. This 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 find additional support for the youth and other family members.

e 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

The strategies described in the following text are common elements of evidence-based psy-
chosocial interventions for depression in children and adolescents. They 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. They 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 “The 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. The 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 difficulties, prioritize them, and concentrate efforts 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, offer to help the young person evaluate the
options as he sees them, seeking, if there is an opening, permission to offer 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 identified, 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. This listing should be specific 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. The 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 effectiveness.
This 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 significantly impaired.

* Symptoms are threatening the achievement of developmentally important goals (eg,
attending school or spending time with friends.

* The adolescent has mental health comorbidities such as substance use or odd behavior
suggestive of an emerging psychotic disorder.

¢ 'The 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 efficacy
of a combination of cognitive behavior therapy (CBT) and a selective serotonin reuptake
inhibitor (SSRI) compared with either CBT alone (which may not be sufficiently helpful for
these more severe cases) or an SSRI alone.® Thus, 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 effective 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 significantly smaller number persist in care.”*
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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Table 14-3
Psychosocial and Psychopharmacologic Treatments
for Depression (as of November 2014)?

PSYCHOSOCIAL TREATMENTS

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

Depressive or e Cognitive behavior therapy (CBT) | ¢ Client-centered therapy
withdrawn e CBT and medication e Cognitive behavioral psychoeducation
behaviors® e CBT with parents (includes par- o Expressive writing/journaling/diary

ent and child, focusing on the Interpersonal therapy

child’s concerns) e Relaxation
e Family therapy
Suicidality® None e Attachment therapy

Counselors care

Counselors care and support training
Interpersonal therapy

Multisystemic therapy
Psychodynamic

e Social support

US FOOD AND DRUG ADMINISTRATION-APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONS®
DIAGNOSTIC PSYCHOPHARMACOLOGIC

AREA INTERVENTION

Major depressive | Selective serotonin reuptake inhibitor (SSRI) (fluoxetine and escitalopram are

disorder (MDD) currently the only drugs approved by the FDA for treating MDD among youth).
There are data that indicate superior efficacy of combination CBT and SSRI
versus CBT or SSRI alone.

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.

°For up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm.

Reach agreement on respective roles in the youth’s care. 1f 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 effects; 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 offer both
telepsychiatry services and consultation/referral support “warmlines” that help physicians
provide initial treatment and locate resources. The availability of the latter form of help is
tracked at www.nncpap.org.
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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 Téenage Suicide (fact sheet), American Academy of Pediatrics (www.
healthychildren.org/English/health-issues/conditions/emotional-problems/Pages/Help-
Stop-Teen-Suicide.aspx)

Téen Suicide, Mood Disorder, and Depression (handout), American Academy of Pediatrics
(patiented.solutions.aap.org)

Ten Things Parents Can Do to Prevent Suicide (fact sheet), American Academy of Pedi-
atrics (www.healthychildren.org/English/health-issues/conditions/emotional-problems/
Pages/Ten-Things-Parents-Can-Do-to-Prevent-Suicide.aspx)

Medical Decision Support

Patient Health Questionnaire (PHQ) Screeners (screen), Pfizer, Inc (www.phgscreeners.com)
Pediatric Symptom Checklist (screen), Massachusetts General Hospital (www.massgeneral.
org/psychiatry/services/psc_forms.aspx)

Strengths & Difficulties Questionnaire (screen), Youth in Mind, Ltd (www.sdqinfo.com)
Adapted SAD PERSONS (screen), American Academy of Pediatrics (pediatrics.
aappublications.org/content/125/Supplement_3/5195.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 defined, 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 first weeks of life, breastfed infants commonly have up to 8 loose stools per
day, which, at times, may contain mucus. These stools frequently follow feedings, as a result
of the gastrocolic reflex, and do not constitute diarrhea. Infants receiving cow milk or soy
formula usually have firmer and somewhat less frequent stools. After the first 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 firm when solids or cow milk is introduced into the diet.

Steatorrhea signifies 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. The
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. The percentage of the ingested fat that
is absorbed is called the coefficient of absorption.

ke —
Fat Intake — Fat Output %100

Fat Intake

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 efficiently 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 fluid (Figure 15-1 lists adult data). An infant can rapidly become fluid
depleted from diarrhea when such large gastrointestinal fluid shifts take place each day.
Under normal circumstances, about 90% of fluid absorption takes place in the small bowel.
However, the colon has a reserve capacity for fluid absorption that must be overcome before
diarrhea results. In adults, the colon can reabsorb as much as 2 L of ileal fluid 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 diffusion;
some solutes first require digestion to simpler compounds. The flux of electrolytes across the
mucosa is bidirectional. The 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. The osmotic gradient created
promotes the absorption of water. Movement of water, in turn, also carries small solutes such
as sodium and chloride. This process is known as solvent drag and appears to be an important
route for sodium absorption during normal digestion. These mechanisms of sodium move-
ment associated with carrier-mediated nonelectrolyte transport are important to preserve

Diet 2-3
Mouth and esophagus
Saliva 1
Gastric juices 2 Stomach
Bile 1
Pancreatic juice 2 Duodenojejunal
Succus entericus 1 fluid load 9-10

Jejunal
absorption 5-6

lleal
absorption 2-3

Colonic

Extracellular fluid absorption 0.5-1.5

¢

Fecal volume 0.1-0.2

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 fluid 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. The permeability of
the intestinal mucosa to passive fluid and electrolyte movement is high in the duodenum
and proximal jejunum and decreases distally to the ileum and colon, which are poorly
permeable. This feature allows the proximal intestinal contents to equilibrate rapidly with
the isotonic extracellular fluid and facilitates the rapid absorption of water and small solutes
by diffusion (ie, solvent drag). Conversely, the ileum and colon are poorly permeable and
are able to absorb water and sodium against high electrochemical gradients.

The pathophysiologic mechanisms for diarrhea fall into 4 basic groups"*: osmotic diar-
thea, 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 different therapeutic approach. Therefore, 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

The 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. The first 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
deficient, 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.
Thus 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.” 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 deficiency.
For example, Hartnup syndrome, with its malabsorption of primary amino acids, is not
associated with diarrhea.

The second group of poorly absorbed solutes includes substances that are transported in
limited amounts, even by healthy individuals. This group includes magnesium, phosphates,
and sulfates. Because these ions invariably lead to diarrhea when given in large enough
quantities, they are used as cathartics. The introduction of lactulose in the treatment of
hepatic encephalopathy takes advantage of its being a nondigestible disaccharide that leads
to acidification of colonic contents by bacterial fermentation of nonabsorbed sugar. Its side
effect is diarrhea. In fact, lactulose has become a popular alternative for the treatment of
constipation. Sorbitol, an artificial sweetener, causes osmotic diarrhea when ingested in
large quantities.

The key characteristic of an osmotic diarrhea is its association with the ingestion of the
offending 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. The diarrhea is of a moderate volume
compared with that in secretory diarrhea. The sodium and potassium ion concentrations in
the stool fluid 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.* An osmotic gap of more than
50 mOsm/kg indicates osmotic diarrhea. In some instances, the physician may be able to find

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. The 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 difficult; the results are similar.

The 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. The intestinal mucosa appears normal during cholera infection, without
evidence of cell necrosis, inflammation, or local bacterial invasion; and other cell absorptive
functions remain normal. The 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 significant secretory component.” 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.®

Noninfectious causes of secretory diarrhea exist as well. Malabsorbed bile acids and
long-chain fats have been shown to stimulate a colonic secretory diarrhea.” Certain prosta-
glandins have been shown to activate adenylate cyclase and produce intestinal secretion in
experimental models. Because prostaglandins are released during inflammation, researchers
have hypothesized that diarrhea associated with certain inflammatory states may be caused
by these hormones. This hypothesis is a particularly appealing way to explain the small bowel
secretion that may take place with chronic inflammatory 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. The best-known example,
although extremely rare, is congenital chloride-losing diarrhea. This 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.

The stool in secretory diarrheas tends to be watery and large in volume. Unlike osmotic
diarrhea, secretory diarrhea persists despite discontinuing oral intake. The stool electrolyte
concentration (ie, twice the sum of the sodium and potassium concentrations) is about equal to
the stool water osmolality because no significant osmotic nonelectrolyte component is present.*

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. The exudate contains
mucus, protein, and blood cells. Examples include infectious, allergic, or ulcerative colitis.

Motility Diarrhea

The 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.® 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 inflammatory bowel disease. Stools associated
with motility diarrhea, except those secondary to fatty acid malabsorption, tend to be small
in volume. The response to feeding is variable, and the gastrocolic reflex may be heightened.
Patients who have chronic inflammatory bowel disease may find 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 first few years of life average
1 or 2 episodes per year.” For most diarrheal infections, the incidence is greatest before
4 years of age. The role of the physician is to rule out causes that require specific 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,

10-13

rotavirus, Norovirus, Shigella, Campylobacter, Cryptosporidium, and C difficile organisms.

BOX 15-1

Causes of Acute Diarrhea
USUALLY WITHOUT BLOOD IN STOOL

invasive E coli, gonococcus (venereal

. . . - . spread), enteroadherent E coli, enteroaggre-
¢ Viral enteritis rotavirus, orbivirus, norovi- ) . .
o . i gative E coli, Aeromonas hydrophilia, and
ruses, other caliciviruses, enteric adenovirus, . . .
. . Plesiomonas shigelloides
astrovirus, sapoviruses

* Enterotoxin E coli, Klebsiella organisms, ¢ Cytomegalovirus (especially in immuno-

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 difficile toxin
(without pseudomembranous colitis)

COMMONLY ASSOCIATED WITH
BLOOD IN STOOL

Bacterial Shigella, Salmonella, and Campylo-

bacter organisms, Yersinia enterocolitica,

compromised individuals)

Amebic dysentery, Trichuris trichiura
(whipworm)

Hemolytic uremic syndrome (enterohem-
orrhagic £ coli—E coli O157:H7 and
other Shiga toxin-producing E coli)

Henoch-Schénlein purpura
Pseudomembranous enterocolitis

(C difficile toxin)

Ulcerative or granulomatous colitis (acute
presentation)

Necrotizing enterocolitis (neonates)
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Neonatal Diarrhea

Neonates with acute diarrhea must be considered differently from older infants and children
because of both lower tolerance to the associated fluid 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. The 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 £ co/i, 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 first 24 hours. Bloody diarrhea that results
from cow milk or soy protein intolerance may develop as early as the first 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. The
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 £ 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,'® which may occur acutely or as a more chronic illness of 1 or
2 months’ duration." C difficile toxin, the cause of most cases of pseudomembranous colitis,
may also be associated with chronic childhood diarrhea in the absence of colitis."

The 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 difficile toxin-
associated pseudomembranous colitis. The 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. The 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.'® 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.”” Hemolytic uremic syndrome is the result largely of enterohemorrhagic
E coli (especially Shiga toxin—producing £ coli O157:H7) and less commonly Shigella infections.

Amebiasis is unusual in the United States, but Entamocba histolytica can produce a picture
of acute colitis. Causes of bloody diarrhea that are not obviously infectious include intussus-
ception and immune deficiencies. Chronic inflammatory 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.'®
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.'”** The 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. The 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 refill. 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 fluid 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)”

* Norovirus * Campylobacter species
* Salmonella, nontyphoidal o S aureus

o C perfringens

“The top five pathogens from among 31 pathogens known by the Centers for Disease Control and Prevention (CDC)
to cause food-borne illness. However, unspecified agents account for 80% of the annual number of food-borne illnesses

estimated by the CDC.2'*
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BOX 15-3
Evaluation of Acute Diarrhea
HISTORY LABORATORY (PERFORMED AS

INDICATED)
1. Length of illness

2. Characterization of stools: frequency, 1. Stool evaluation: test for viral etiology

when available, culture, ova and parasites,

smear for white blood cells, C difficile

looseness (watery versus mushy), and
presence of gross blood

3. Oral intake: diet, quantity of fluids and toxin assay, occult blood, and reducing
solids taken substances

4. Presence of vomiting 2. Complete blood count

5. Associated symptoms: fever, rash, and 3. If hydration status is in question: blood
arthralgia urea nitrogen (BUN) and serum electro-

6. Urine output: frequency and qualitative lyte levels
diount 4. Urinalysis

. Possibl diarrheal ill
7 Memstele g @ el il 5. If child is lethargic or has had a seizure,

PHYSICAL EXAMINATION culture for sepsis: measure the BUN and

. . serum electrolyte and glucose levels and
1. Hydration status: weight (stable or loss), K 4 8 ;
examine and culture the cerebrospinal

fluid

heart rate, capillary refill, 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

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

The cornerstone of treatment in acute gastroenteritis is good fluid and electrolyte manage-
ment (Box 15-4). Commercial oral hydration solutions provide more sodium and lower
carbohydrate concentration than traditional clear liquids.”» Human milk contains low con-
centrations of sodium (67 mEq/L); therefore, a supplemental rehydration solution should
be used when diarrhea is persistent or severe.
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BOX 15-4

Fluid and Electrolyte Management of Acute Diarrhea

A. General rules for management of acute
diarrhea lactose intolerance should be consid-

or lactose-containing formula), then
1. Oral rehydration therapy with glucose- ered. If stools become acid and contain
electrolyte solution (oral rehydration reducing substances, then lactose

solution [ORS]) is the preferred

treatment of fluid and electrolyte loss,

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/

except as noted below. These 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. The higher
sodium concentration is appropriate

for rehydration; the lower concentration

is usually adequate for rehydration with
mild diarrhea and is appropriate for
maintenance.

. 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.

. The use of ORS is labor intensive.

If a caregiver is not available to give
small amounts of fluid 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 fluids should include
replacement of deficit, ongoing losses,
and maintenance fluids. Addition of
intravenous potassium should wait until
urine output is established.

. ORS therapy is effective for hyperna-
tremic dehydration, as well as hypona-
tremic and isotonic dehydration.

. Age-appropriate feedings should be
continued during acute diarrhea, except
as noted below. Formula should be
offered full strength. Diet may be better
tolerated if fatty foods and foods high
in simple sugars (eg, undiluted juices
and soft drinks) are avoided.

. Breastfeeding should be continued
when possible.

. Lactose-free diet is generally unneces-
sary. If stools worsen on reintroduction
of lactose (human milk, cow milk,

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.

. Reevaluate hydration and replacement

of losses at least every 1-2 hours. This
process may require medical supervi-
sion (emergency department, hospital
outpatient unit, or physician’s office).

. 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.

. Determine serum electrolyte levels.
. 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.

. 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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BOX 15-4

Fluid and Electrolyte Management of Acute
Diarrbea—cont'd

longer needed. See section E for special f. Nasogastric tube can be used

considerations for vomiting. for continuous ORS infusion
5. Feeding may be restarted when for persistent vomiting or feeding

rehydration is complete (see A.1, A.2). refusal secondary to mouth ulcers

E. Special considerations
1. Vomiting

a.

Vomiting occurs commonly during
acute gastroenteritis.

(do not use in comatose child
or one who has ileus or intestinal
obstruction).

g. Intravenous fluids should be used

b. Children who are dehydrated and if ORS treatment is unsuccessful.
vomit usually tolerate ORS. 2. Refusal to take ORS

c. Intractable, severe vomiting, uncon- a. Children who are not dehydrated
sciousness, and ileus are contraindica- may not take ORS because of the
tions to ORS treatment. salty taste. However, dehydrated

d. ORS should be started at 5 mL every children generally take it well.

1-2 minutes.

b. Giving ORS in small amounts at

e. Vomiting usually decreases as dehy- first allows the child to become

dration improves; larger amounts can accustomed to the taste.

be given at less frequent intervals. c. ORS can be frozen in ice-pop form.

Modified 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.

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 vaccine?; 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.’ Rotavirus produces an enterotoxin (known
as NSP4), which is of much greater importance in the production of diarrhea than virus-

induced mucosal damage.>®

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.”>* 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
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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 offered
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. The
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).
The 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 specifications before choosing a product. Continuing regular
feedings with supplemental oral rehydration solution is generally tolerated and thought to
lead to quicker recovery.”” 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.” Oral rehydration therapy,
however, requires the constant presence of a caretaker, although this individual need not
have previous medical experience. The 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 fluid 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.”® Antibiotics are useful in specific situations: Shigella dysentery,
Yersinia or Campylobacter gastroenteritis, pseudomembranous colitis, Salmonella infections
in infants younger than 6 months, and Sa/monella infections in older patients who have
enteric fever, typhoid fever, or complications of bacteremia.”> Campylobacter gastroenteritis
must be identified 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.'” Lactobacillus
or other probiotics may be useful to prevent infectious diarrhea but are probably not effec-
tive as treatment.’*?!

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.? The 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 offered. (The sugar in this formula can
be either sucrose or a glucose polymer.) Sugar malabsorption (see Malabsorption Syndromes)
can be identified by the determination of reducing substance in the stool. (Sucrose must
be hydrolyzed first 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 fluid 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.” Potassium should not be added to intravenous fluids until adequate urine output is
established. Urine specific 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.” This finding is thought to be caused by sodium deficiency 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.?* Both healthy and ill infants can develop diarrhea in
response to a variety of stresses. The 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

‘The physician confronted with an infant who is reported to have chronic diarrhea must decide
first 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.
The 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 first year and in the second year, the most common cause for
persistent diarrhea is chronic nonspecific diarrhea (also called toddler’s diarrhea).>* Affected
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. These children appear healthy
and are thriving according to weight and length growth curves, unless inappropriate treat-
ment with clear fluids has led to caloric deprivation. This 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 effort to decrease stimulation of the gastrocolic reflex (in the toddler, 3 meals and
a bedtime snack with nothing by mouth in between); restricting the volumes of fluids
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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BOX 15-5

Causes of Chronic Diarrhea
COMMON CAUSES * Postenteritis bile acid malabsorption

. .. . * Factitious causes
¢ Chronic enteric infection: Salmonella

organisms; Yersinia enterocolitica; LESS COMMON CAUSES
Campylobacter, Giardia, Cryptosporidium,
and Cyclospora organisms; C difficile

toxin; enteroadherent E coli; rotavirus

* Autoimmune enteropathy
* Hormonal: adrenal insufficiency and

hyperthyroidism
(in immunodeficient patients); P y . R X R
. . * Vasoactive intestinal polypeptide-secreting
cytomegalovirus; adenovirus; and HIV
tumor
* Food allergy e Neural crest ¢ d carcinoid
. oo , eural crest tumor and carcinoi
e Chronic nonspecific diarrhea (toddler’s

diarrhea, irritable colon of childhood);
postinfectious irritable bowel

* Intestinal lymphangiectasia
* Acrodermatitis enteropathica

« Disaccharide intol. * Intestinal stricture or blind loop
isaccharide intolerance . . . .
. . . . ¢ Pancreatic insufficiency with neutropenia
* Chronic constipation with overflow diarrhea . Tevosi ceroki defici
. . rypsinogen or enterokinase deficiency

* Cystic fibrosis . . . .
e - * Congenital chloride-losing diarrhea
¢ Celiac disease (gluten-sensitive enteropathy) Consenital sodium-secretory diarrhea
* Inflammatory bowel disease: Crohn disease . Ab tgl' el . Y
. L etalipoproteinemia

and ulcerative colitis o . .
. . * Microvillus inclusion disease

* Hirschsprung disease . Tuftine di
) ufting disease

¢ Immunodeficiency states . .
¥ * Immunodysregulation, polyendocrinopathy,

enteropathy, X-linked syndrome (IPEX)
* Intestinal pseudoobstruction
* lleal bile salt receptor defect
* Congenital disorders of glycosylation

* Monosaccharide intolerance

* Eosinophilic (allergic) gastroenteritis
* Short bowel syndrome

e Urinary tract infection

probably is of less importance.”> Cholestyramine (2 g by mouth 1 to 3 times daily) is also
effective 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. The only danger is that well-intentioned
parents may restrict oral intake to clear liquids repeatedly in an effort 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. This condition also will respond
to cholestyramine therapy.

Protracted Diarrhea of Infancy

The syndrome of protracted diarrhea of infancy is poorly understood,*® probably represent-
ing the final pathway for multiple causes, including gastrointestinal infections and, perhaps,
food intolerances. This condition is defined 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 specific causes, such as microvillus inclusion disease.
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Generally, malnutrition develops and, in concert with the protracted diarrhea, leads to
alteration of gastrointestinal flora sometimes associated with bacterial overgrowth of the small
intestine. Altered mucosal function of the small intestine and transient pancreatic insufficiency
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. The small
bowel biopsy specimen may show patchy villous shortening with a decreased villus-to-crypt
ratio and marked inflammation, 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 inflammation, including crypt abscesses, or it may be normal. The presence or
absence of these biopsy findings may not correlate with the severity of the clinical syndrome.?”
Affected 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 fluids, 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 difficult 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 specific gravity and volume may be deceptive because of poor concentration by the
kidneys in the presence of malnutrition and total-body hypokalemia. The 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 difficile 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 first
24 hours of life is usually possible. In Hirschsprung disease, a flat 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 inflammatory bowel disease in infancy. Air-fluid
levels throughout the bowel are common in infants who have gastroenteritis, and this sign
is not helpful in defining a cause. A barium enema under low pressure in the unprepared
patient may show the narrow distal segment of rectum; however, this finding may not be
present in neonates, and evaluation for ganglion cells on rectal biopsy is often necessary.
The 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.” The stool pH
is not a good measure of the effect 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 inflammation; 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. The best choices are either enteral
alimentation with an elemental or modular formula®® 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.*
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 fixed 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 specific 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 fibrosis are the
most common chronic disorders that cause malabsorption in children in the United States.
Steatorrhea is much more striking with cystic fibrosis, resulting from pancreatic insufficiency
and secondary maldigestion. Infants with cystic fibrosis who nurse or are fed soy formula,
but not cow milk formula, may exhibit protein malabsorption in the first months of life.
Although cystic fibrosis 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. The diagnosis must be confirmed by sweat electrolyte studies
or genetic testing. Other diseases much less common than cystic fibrosis may be associated
with prominent steatorrhea in early infancy, including congenital pancreatic insufficiency
with cyclic neutropenia (Shwachman-Diamond syndrome),* intestinal lymphangiectasia,
and abetalipoproteinemia. Transient steatorrhea may follow an acute enteritis.*' Measurement
of stool pancreatic elastase level is a useful screening test for pancreatic insufficiency.
Celiac disease (gluten-sensitive enteropathy) is now appreciated to be a much more fre-
quent disorder than previously recognized.*>*’ 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.* The 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 deficiency anemia may be more striking than diarrhea.® 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. The presence of endomysial antibody (EMA), tissue transglutaminase (¢I'G),
or damidated gliadin peptide (DGP) antibody in the serum is a much more reliable predictor
of celiac disease.” tTG has been identified as the antigen recognized by endomysial antibody.
In individuals with total serum immunoglobulin A (IgA) deficiency, assay for (TG 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 confirmed by small bowel biopsy. In the past, the diagnosis was often
reconfirmed by a challenge with gluten and a repeat biopsy. Currently available antibody
studies make this strategy unnecessary. Measuring endomysial IgA or tT'G 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.® The congenital form of lactase
deficiency is much less common than congenital sucrase-isomaltase deficiency,” 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 offending 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 deficiency may have diarrhea
when fed formula containing glucose polymers as well.*® The 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.”
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,” a sugar substitute, as well as
fructose,” may produce diarrhea when ingested in large amounts, and both are present in
fruits. Oral enzyme supplements are available for both lactase and sucrase deficiency.

The congenital deficiency of trypsinogen, the zymogen precursor of the pancreatic pro-
tease trypsin, has been reported to be a very rare cause of congenital diarrhea. The absence
of trypsin in the stool suggests the diagnosis (in the absence of cystic fibrosis and congenital
pancreatic insufficiency), but evaluation of the pancreatic proteases in the duodenal aspirate
is necessary to confirm this impression. Congenital deficiency of enterokinase, the intestinal
enzyme that activates trypsinogen to trypsin, appears in a similar fashion to that of congenital
trypsinogen deficiency 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. This 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 identified to develop glucose intolerance as well.

Infection

Acute bacterial or viral enteritis may be an important initiator of protracted diarrhea in

>354 If the initial infection is no longer present at the time of evaluation for chronic

infancy.
diarrhea, then this association will be difficult 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. Sa/monella 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 specifically 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 identified in immunocompromised individuals; rarely,
rotavirus may be present in the stool of an immunocompetent child for a prolonged period
after a severe gastroenteritis.”> Candida has been described as a rare cause of persistent diar-
rhea in immunocompetent individuals.” However, the incidental finding 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

‘The 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 fluid 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.”*”” 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 inflammatory bowel disease and
must be considered along with bacterial colitis before a diagnosis of inflammatory 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. Affected neonates almost invariably fail to pass meco-
nium early and have persistent obstipation and recurrent abdominal distention. These features
may be overlooked, however, and the infants may subsequently have chronic diarrhea. The
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 findings.
Anorectal manometric examination may be helpful, but an adequate rectal biopsy speci-
men showing absence of ganglion cells and presence of nerve fiber hypertrophy confirms
the diagnosis. Calretinin staining is useful as well. Properly performed, suction biopsy
of the rectum is highly reliable.®

Food Allergy

Dietary protein hypersensitivity occurs in 6% to 8% of children during the first 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.”**! This entity should be considered when an infant

who has chronic diarrhea has any of the following manifestations:

e Occult or gross blood in the stool (colitis)

* Protein-losing enteropathy

e Peripheral eosinophilia

¢ Other extraintestinal manifestations of allergy such as eczema, hives, or asthma®
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
specific protein hydrolysate formulas may not be equivalent. Occasionally, an amino acid
formula will be necessary.”

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
fish. Eosinophilic (allergic) gastroenteropathy is considered a mixed IgE-mediated and non—
IgE-mediated disorder. It is characterized by infiltration 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 first year of life but can occur at any age. Diet-induced
proctitis causes gross blood in stool and often diarrhea in the first few days to months of
life. Symptoms usually resolve within 72 hours with removal of the offending 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.**

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.®
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 first several
years of life.® The factors that appear to contribute to persistence of symptoms in neonates
include the cause, decreased intestinal absorptive surface, altered intestinal motility, intralu-
minal bacterial overgrowth® (with secondary deconjugation of bile salts and hydroxylation
of fatty acids), malabsorption of bile salts secondary to terminal ileal resection, and disac-
charidase deficiency. 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.*® 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, affected 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 malfixation 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 flow. The 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. The 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. The diagnosis is confirmed by the
presence of characteristically dilated lymphatics on a small bowel biopsy specimen. The 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. The 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. The disorder is associated with a zinc
deficiency (perhaps secondary to malabsorption) and responds dramatically to zinc salts given
orally.”” A mutation of a gene that encodes a zinc-transporter protein has been identified in
this condition. Nutritional zinc deficiency (eg, TPN without zinc supplementation or cystic
fibrosis) 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 fit 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. These 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. The 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 insufficiency caused by either adrenogenital syndrome or adrenal hemorrhage may be
associated with significant 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. The 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

Immunodeficiency should be considered in any child who has chronic diarrhea. AIDS has
become a major cause of immunodeficiency in childhood, and its first manifestation may be
diarrhea. Several mechanisms of diarrhea have been described in infants and children who
have AIDS.” 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.”! 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 insufficiency with steatorrhea also has
been noted in these patients.

The 2 major inborn disorders of immunity associated with diarrhea in early infancy are
severe combined immunodeficiency and Wiskott-Aldrich syndrome. The most common
primary disorder seen in later childhood is late-onset, variable hypogammaglobulinemia.
Pure T-cell abnormalities (DiGeorge syndrome and other T-cell deficiencies) are also associ-
ated with diarrhea. Patients with selective IgA deficiency 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 immunodeficiencies. Diarrhea in association with granulomas of the intestinal
tract has been noted in chronic granulomatous disease of childhood. These children may
have perianal fistulas or gastric outlet obstruction; the disorder may initially be mistaken
for Crohn disease.

The 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 first year of life, and is often associated with failure to thrive.”” Intestinal biopsies
demonstrate villous atrophy and increased T-cell infiltrate in the lamina propria. Serum
antienterocyte antibodies are identified 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-
firms the diagnosis.”
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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
findings.”” This 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. The syndrome is characterized by the radiographic
findings of bowel dilation with disordered motility; urinary bladder dysfunction is also often
present. These 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.”>”* Tt is the most
common cause of intractable diarrhea in the neonatal period. Affected infants have small
bowel villous atrophy in the absence of crypt hyperplasia. The villous surface epithelial cells
lack a normal brush border, and on electron microscopic examination, the microvilli are
absent or severely abnormal. The 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 identified 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. Affected infants develop chronic watery diarrhea in the first few months of life.””
The name derives from a typical light microscopic zufied configuration of the small bowel
mucosal epithelium.”

Congenital Disorders of Electrolyte Absorption

Congenital chloride-losing diarrhea and congenital sodium-secretory diarrhea are very rare,
autosomal recessive disorders associated with maternal polyhydramnios. The 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. They
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. The 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 fluids 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. The 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 first year of life, often with multisys-
tem dysfunction.”®”” 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 significant 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 effect 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 differ somewhat after infancy, although many of the causes seen in
infancy, even congenital anomalies, may exhibit first 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 inflammatory 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 fibrosis 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.® 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.**' Symptoms of inflammatory bowel disease or celiac disease may also
be mistaken at first for IBS. Standard treatment includes increased fiber in the diet and
anticholinergics; the tricyclic antidepressants can be used for diarrhea-predominant IBS,
under experienced supervision.

Inflammatory Bowel Disease

‘The 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.”® Systemic evidence of inflammation (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 inflammatory bowel disease. Thrombocytosis
and elevated C-reactive protein, both acute phase reactants, have been associated with
inflammatory 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 inflammatory bowel disease includes an array of medical,
nutritional, and surgical measures.”®

Chronic Constipation

Chronic constipation with overflow 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. This 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 inflammatory bowel disease is a consideration
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When to Admit

Acute or chronic diarrhea with mild to moderate dehydration that cannot be managed
successfully with outpatient rehydration solution

Dchydration 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 inflammatory bowel disease, unresponsive to routine outpatient
treatment

TOOLS FOR PRACTICE
Engaging Patient and Family

Chronic Diarrbea (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.
cde.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/nezved/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)
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Medical Decision Support

Cryprosporidium (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. The use and misuse of fruit juice in pediat-
rics. Pediatrics. 2001;107(5):1210-1213. Reaffirmed 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. They may be transient, influenced by temperament and environmental factors,
or they may be persistent, rising to the level of oppositional-defiant disorder (ODD) or con-
duct disorder (CD) and causing significant impairment in the child’s and family’s function-
ing. ODD affects 1% to 16% of children, depending on the population studied; CD affects
1.5% to 3.4%. Male-to-female ratio varies with age and diagnosis from 3.2:1 to 5:1.' Some
children progress from ODD to CD. They can be extremely challenging to manage and,
if untreated, experience an increased risk of school failure, difficulty with legal authorities,
substance abuse, and ultimately underemployment as adults. Those 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.

There is accumulating evidence that some behavior problems can be prevented. Effective
strategies include population-based interventions,? 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 offer anticipatory guidance about
predictable parenting issues, written or online parenting materials, and referrals to parent-
ing workshops. The Centers for Disease Control and Prevention (www.cdc.gov/ncbddd/
childdevelopment/positiveparenting/index.html) offers 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. The American Academy of Pediatrics (AAP) has
published guidelines for effective discipline.?

'The following guidance is based on the work of the World Health Organization (WHO),
whose recommendations may be updated annually. The 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, defiance, fighting, 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 findings that suggest disruptive behavior and
aggression can be found in Box 16-1. These 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. Thus, 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 spontancously 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 Modified Overt Aggression Scale

Box 16-1

Symptoms and Clinical Findings Suggesting
Disruptive Behavior and Aggression

INDICATIONS OF DISRUPTIVE * Angry outbursts.
BEHAVIOR AND AGGRESSION * Loss of temper.

* Refusal to ob ds and rules.
* In younger children, marked tantrums, ctusal to obey commands and rules

defiance, fighting, and bullying.

¢ Destructiveness.
* Hitting.

¢ In older children and adolescents, serious b .
¢ Intentional annoyance of others, but with-

law breaking such as stealing, damage to . .
& & & out the presence of serious lawbreaking.
property, or assault.

* Repetitive, persistent, excessive aggression BEHAVIORS CHARACTERISTIC OF
or defiance; behaviors out of keeping with CONDUCT DISORDER

the child’s development level, norms of peer .

. o ¢ Vandalism.

group behavior, and cultural context indi- . X .

. ) * Cruelty to people and animals (including

cating a disorder rather than a phase or o] o

o . . sexual and physical violence).
transitional disruption.

* Bullying.

* Aggression may be impulsive and associated Luinymg
with intense emotional states, or it may be -

d d dicared. It is i * Stealing.

predatory and premeditated. It is important Truancy

to distinguish which pattern of aggression

the child is showing.

* Drug and alcohol misuse.
¢ Criminal acts.
BEHAVIORS CHARACTERISTIC e All the features of ODD.
OF OPPOSITIONAL-DEFIANT

DISORDER (ODD)

e Symptoms may be confined only to school,
home, or the community.
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Table 16-1
General Psychosocial Screening/Results Ssuggesting
Disruptive Behavior and Aggression

SCREENING INSTRUMENT SCORE

Pediatric Symptom Checklist e Total score >24 for children 5 years and younger.
(PSC)-35 e >28 for those 6-16 years.

e >30 for those 17 years and older.

AND

e Further discussion of items related to disruptive behavior
and aggression confirms a concern in that area.

PSC-17 e Externalizing subscale is >7.

AND

Further discussion of items related to disruptive behavior
and aggression confirms a concern in that area.

Strengths & Difficulties
Questionnaire (SDQ)

Total symptom score of >19.

Conduct problem score of 5-10 (see instructions at www.
sdginfo.com).

Impact scale (back of form) score of 1 (medium impairment)
or >2 (high impairment).

AND

e Further discussion of items related to disruptive behavior
and aggression confirms a concern in that area.

Ages & Stages Questionnaires: o Cutoff score varies by age-specific questionnaire.
Social-Emotional (ASQ:SE)

Early Childhood Screening e Total score of >18.

Assessment AND

¢ Thorough emotional and behavioral history, family history,
and close follow-up.

o 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

e A score of 1 0r 2 on questions 39 and 40 identify depres-
sion in adult primary care settings.

e Scores >0 on items 37 and 38 should be further investigated
for maternal distress.

(MOAYS) (developed for adults, but sometimes used with adolescents), can help confirm
findings of the initial screening; and the use of a functional assessment tool, such as the
Strengths & Difficulties Questionnaire (SDQ) or Columbia Impairment Scale (CIS), will
help the clinician determine whether the child is significantly impaired by the symptoms. For
adolescents, consider assessing the extent of substance use. 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 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.


http://www.sdqinfo.com
http://www.sdqinfo.com
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» ASSESSMENT

Assessment begins by differentiating the child’s symptoms from normal behavior. All chil-
dren are defiant 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 defiance out of keeping with developmental and social norms. The
behaviors persist, rather than appearing briefly 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-deficit/
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
influence 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.

The 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. The process may require
multiple primary care visits.*

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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Conditions That May Mimic or Co-occur With Disruptive

CONDITION RATIONALE

Table 16-2

Behavior and Aggression

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
significant academic underachievement. See also Chapter 45, Inattention and
Impulsivity.

Sleep Sleep problems can cause irritability and contribute to outbursts of anger and poor

deprivation impulse control.

Learning Unidentified learning difficulties can contribute to frustration and oppositionality. If

problems or disruptive or aggressive behavior is associated with problems of school perfor-

disabilities mance, the child may have a learning disability. See Chapter 49, Learning Difficulty,

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 difficulties 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 specific
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.?

Continued
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Table 16-2
Conditions That May Mimic or Co-occur With
Disruptive Behavior and Aggression—cont’'d

CONDITION RATIONALE

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- Children with this developmental pattern also have problems with social related-
trum disorders | 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-deficit/hyperactivity disorder; ODD, oppositional-defiant 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 conflict, resistance to treatment).
Use “common factors” techniques® 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 offering 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 offer help. By the time families seck 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.


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. This 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:

o [s 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
Jfor parents to get more support for themselves? Explore parents’ readiness to seek and
accept help.

* Do inconsistencies or differing 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 conflicts; seek agreement on
common beliefs and achievable steps to help the child.

o 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 finding help
for their child’s problems.

Offer Initial Intervention(s)

The strategies described in the following text are common elements of evidence-based
and evidence-informed psychosocial interventions for disruptive behavior and aggres-
sion. They 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. They 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. The 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 specific, 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. The 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 conflict improves. What is

most important is that parents find a way to reduce the overall negative tone of interaction
and find as many “successes” as possible about which to comment.

Encourage parents to focus on prevention. There are several ways for parents to do this. They
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
fight. 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 influence. 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. The clinician can suggest the following
strategies to parents:

* Set clear house rules and give short, specific commands about the desired behavior,
not prohibitions about undesired behavior (eg, “Please walk slowly,” rather than
“Don’t run”).

* DPrioritize 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.

e If the behavior is taking place in public, quietly advise the child or youth that the prob-
lem has been noted bug, 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.



Disruptive Behavior and Aggression m

C}Tﬂte a fﬂfét_’)/ ﬂﬂd emergencypldn. When behaViOr prOblemS are severe or inVOlVC thfeats
of violence or running away, a care plan should be developed jointly with family, including
a listing of telephone numbers to call for emergencies. This 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. The clinician should also instruct
the family to proactively remove weapons from the home and monitor for situations that
trigger outbursts.

Provide Resources

Offer 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 effectiveness. This 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.

e 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. (The combination of shyness, anxiety, and behavior prob-
lems is thought to be particularly risky for future behavior problems of a more serious
nature.)

e 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. (This situation requires coordina-
tion with probation officers 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 :pecz'a/ty care is needed, ensure that it is evidence—inﬁrmed and assist the _ﬂzmz’/y n
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 effective 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 offer both
telepsychiatry services and consultation/referral support “warmlines” that help physicians
provide initial treatment and locate resources. The 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 e The Incredible Years (www.incredibleyears.com)

problems 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 Child Parent Psychotherapy
trauma, including sexual abuse Trauma-focused cognitive behavioral therapy (http://tfcbt.
or domestic violence musc.edu)
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Table 16-4
Psychosocial and Psychopharmacologic Treatments for
Disruptive Behavior and Aggression (as of November 2014)?

PSYCHOSOCIAL TREATMENTS

CLUSTER AREA LEVEL 1 (BEST SUPPORT) LEVEL 2 (GOOD SUPPORT)
Delinquency e Anger control e CBT and teacher training
and disruptive e Assertiveness training e Communication skills
behavior® e Cognitive behavior therapy (CBT) | e Functional family therapy
e Contingency management ¢ Parent management training and CBT
e Multisystemic therapy e Parent management training and
¢ Parent management training classroom management

Parent management training and | ¢ Problem solving

problem solving Rational emotive therapy
Social skills Relaxation

Self-control training
Therapeutic foster care
Transactional analysis

US FOOD AND DRUG ADMINISTRATION-APPROVED PSYCHOPHARMACOLOGIC INTERVENTIONS®

DIAGNO AREA P OPHARMACOLO R O

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 efficacy for some psychothera-
peutic agents.

aFor AAP policy, please visit pediatrics.aappublications.org/site/aappolicy.

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.

°For up-to-date information about Food and Drug Administration (FDA)-approved interventions, go to
www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/default.htm.

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

o Everybody Gets Mad: Helping Your Child Cope With Conflict (Web page), American
Academy of Pediatrics (www.healthychildren.org/English/healthy-living/emotional-
wellness/Pages/Everybody-Gets-Mad-Helping-Your-Child-Cope-with-Conflict.aspx)

o Parents’ Roles in Teaching Respect (handout), Bobbi Conner (www.brightfutures.org/
mentalhealth/pdf/families/mc/parent_role.pdf)
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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 & Difficulties Questionnaires (screen), Youth in Mind, Ltd (www.sdginfo.com)

NICHQ Vanderbilt Assessment Scale (scale), National Institute for Children’s Health
Quality (www.nichq.org/childrens-health/adhd/resources/vanderbilt-assessment-scales)

Modified 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 Defiant Disorder (article), Journal of the American Academy of Child and
Adolescent Psychiatry, Vol 46, Issue 1, 2007 (www.aacap.org/App_Themes/AACAP/docs/
practice_parameters/jaacap_adhd_2007.pdf)

Treatment of Maladaptive Aggression in Youth: CERT Guidelines 1. 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 I1. Treatments and Ongo-
ing Management (article), Pediatrics, Vol 129, Issue 6, 2012 (pediatrics.aappublications.
org/content/129/6/e1577)
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Chapter 17

Dizziness and Vertigo

Ruby E Rivera, MD; Catherine R. Sellinger, MD

Dizziness and vertigo, although often used interchangeably, refer to very different symp-
toms that have very different clinical implications. Distinguishing these symptoms in young
children may be especially difficult because much of the distinction depends on the patient’s
account of the history.

» DIZZINESS

Definition

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.”" 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.? 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 first manifest as dizziness.> Hyperthyroidism, hypo-
thyroidism, and Addison disease can also cause dizziness. In female adolescents, pregnancy
should be considered in the differential 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 affect the ear, such as aminoglycosides, phenytoin, loop diuretics, and
nonsteroidal anti-inflammatory drugs. An algorithm to aid in narrowing the differential
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 reflect
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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Dizziness
(nonvertiginous)
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¢ Pregnancy dysrhythmias

* Ocular
disorders

Figure 17-1
Algorithm for the differential diagnosis of dizziness.

with middle-ear effusion. If not self-limited, symptoms usually resolve after placement of
tympanostomy tubes.

» VERTIGO

Definition

Vertigo is “a sensation of spinning or whirling motion. Vertigo implies a definite sensation
of rotation of the subject or of objects about the subject in any plane.”’ True vertigo almost
always is accompanied by nystagmus, at least at the time of the episode.’ Thus 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

‘The causes of vertigo can be differentiated 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. The 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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* Benign paroxysmal contusion

positional vertigo

Figure 17-2
Algorithm for the differential diagnosis of vertigo. Asterisk denotes an associated hearing loss.

The 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. These
children have the sudden onset of extreme unsteadiness and inability to stand, usually with
nystagmus and sometimes with vomiting. The 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. Affected patients often have scintillating
scotomas or visual obscuration, oral paresthesias, tinnitus, and occasionally drop attacks
with or without loss of consciousness. These early symptoms are commonly but not always
followed by a pounding headache. Other causes of acute recurrent vertigo include seizures,
perilymph fistula, and benign paroxysmal positional vertigo. Seizures that are associated
with vertigo are followed by an alteration or loss of consciousness. A perilymph fistula is an
abnormal connection between the inner- and middle-ear spaces. Although some fistulas 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. The Epley and Semont maneuvers attempt to relocate the
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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. Affected 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. Ménic¢re disease,
consisting of vertigo, fluctuating 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

neurofibromatosis 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 findings. The 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. The ear that is facing the floor when the nystagmus is elicited is the
affected side. Nystagmus that resolves when the child fixates on an object is suggestive of a
peripheral or vestibular disease, as opposed to persistent nystagmus, which is seen in central
nervous system disorders.

The ears are examined for vesicles of herpes zoster (Ramsay-Hunt syndrome); a distorted
tympanic membrane may be seen with otitis media, cholesteatoma, and perilymph fistula.
Two useful maneuvers that may help in the diagnosis of perilymph fistula 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.
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FAMILY HISTORY

Table 17-1
Differential Diagnoses of Dizziness and Vertigo

INFORMATION POSSIBLE DIAGNOSES

Neurofibromatosis 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, Ototoxicity

nonsteroidal anti-inflammatory drugs, chemo- Intoxication

therapeutic agents, quinine

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 fistula
Headache Migraine
CNS disease

Head trauma

Temporal bone fracture

Labyrinth or brainstem concussion
Cerebellar contusion

Perilymph fistula

Neurologic deficits CNS tumor
Multiple sclerosis
Hearing loss Cholesteatoma

Acoustic neuroma

Temporal bone fracture

Perilymph fistula

Labyrinth concussion

Labyrinthitis

Ramsay-Hunt syndrome (herpes zoster oticus)
Méniere disease

Triggered by change in head position

Benign paroxysmal positional vertigo
Perilymph fistula

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 suffice for patient manage-
ment. For patients in whom dizziness is part of a panic attack or a marker of significant
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.®”

When to Refer

* Acute ataxia

A clear history of vertigo, especially with other neurologic signs, or after head trauma or
barotrauma

e Suspected perilymph fistula or cholesteatoma

* Suspected seizure

e Complicated migraine

When to Admit

e Bacterial or suppurative labyrinthitis

e Head trauma with temporal bone fracture

* Space-occupying lesions

* Dotential 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. The 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.! Cramps may be more severe among teenagers who smoke. At least 40% to
60% of adolescent gitls suffer 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.' Most affected 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 E, and F,_ in the endometrium of women with
dysmenorrhea' lead to smooth muscle contractions along with other symptoms such as
vomiting and diarrhea. This 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.?

The incidence of dysmenorrhea increases with gynecologic age (as does the number
of ovulatory cycles), with up to 31% of girls reporting dysmenorrhea in their first year of
menses and 78% in their fifth year.” The increase in prostaglandin synthesis may be related
to changes in serum progesterone levels not seen in anovulatory women. Additional confirma-
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 flow and pain.

The assessment of a teenager with dysmenorrhea should include the following:'

e 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.! For example: Is the patient reluctant to attend school? Does the patient have a
history of physical or sexual abuse? Does the patient have significant 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
differ 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-inflammatory 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 significant 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 defining uterine and vaginal abnormalities associated with obstruction but is not
helpful in the detection of pelvic or abdominal adhesions or endometriosis.'

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 benefit 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 specific medications but
also doses is important, given that most patients use them in subtherapeutic amounts.’
Some need medication only for part or all of the first day of menstruation; others require
medication for up to 4 days or more.! Ibuprofen (200-800 mg every 6-8 hours) is highly
effective for dysmenorrhea, as is naproxen sodium (550 mg immediately and then 275 mg
every 6-8 hours). Mefenamic acid, an NSAID that blocks the effect 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 effective; 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.” These medications are most effective if started
at the first sign of menstrual bleeding; women who experience significant nausea with
menses may benefit 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 different NSAIDs.! Between 70% and 80% of girls will respond to one NSAID or
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another. The patient should be reevaluated after 2 to 3 menstrual cycles to determine
effectiveness 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 effect. 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 significantly decrease the symptoms of dysmenorrhea in adult women
and adolescents.>® 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 significant relief of dysmenorrhea
compared with those using placebo.**

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%.° Depot-
medroxyprogesterone acetate (Depo-Provera, DMPA) is also used to prevent ovulation and
menstrual flow when OCPs are not tolerated or estrogen is contraindicated.* 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.® Continuous OCPs have also been
well accepted and shown to be effective in eliminating menses, thereby reducing dysmenor-
rhea.” DMPA and extended oral contraceptive regimens decrease dysmenorrhea, and they
decrease the frequency of menses.*’

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 beneficial in some studies.! 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 caffeine
consumption.®

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 inflammatory 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.'® 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.®!° PID can cause dysmenorrhea acutely, and women often develop chronic pelvic
pain as a consequence of PID. Even with assurances of confidentiality, 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 findings suggest PID. Teenagers
who have a history of genital tract surgery, including abortion, may have outflow tract
obstruction. A variety of miillerian anomalies with incomplete obstruction of the outflow
tract also produce dysmenorrhea.! Depending on the type of obstruction, a pelvic mass may
be palpable. Endometrial polyps or fibroids 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 outflow obstruction is possible (eg, a uterus with a blind horn).
Among adult women, physical findings such as small fixed nodules in the rectovaginal septum
or cul de sac or fixation 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 difficult to detect on clinical
grounds alone.'" 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.
Confirmation of endometriosis requires laparoscopy. Because the lesions of endometriosis
in adolescents may differ from the typical lesions seen in adults, a gynecologist who is expe-
rienced in evaluating adolescents should perform this procedure. Endometriosis may be
difficult 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

e Physician feels uncomfortable prescribing OCPs for the treatment of primary
dysmenorrhea

e Patient fails to respond to NSAIDs and OCPs

* Clinical presentation or course suggests that the patient has secondary rather than
primary dysmenorrhea

e Datient 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)

o 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

Mobhammad E El-Baba, MD

Feeding and swallowing disorders are common complaints in children. Dysphagia is defined
as difficulty swallowing, which derives from the Greek root, dys, meaning “difficulty,” and
phagia, meaning “to eat.” It is not synonymous with the term odynophagia, which refers to
painful swallowing.

» NORMAL DEVELOPMENT OF SWALLOWING

A sucking reflex, present as early as 18 weeks’ gestation, is initially disorganized but becomes
more organized and efficient for feeding by 34 to 36 weeks’ gestation. For the term newborn
the suck is mature and efficient for liquid feedings."” During early infancy, the infant devel-
ops a more rapid suck rate and higher suck pressure. Tongue movements are differentiated
and become more coordinated, preparing the infant for pureed food by 5 to 6 months of
age.? After this stage, sensory experience with food increases, and oral motor skills expand
to handle more textured food. The gag reflex decreases to allow swallowing of an increasing
amount of food with more texture. By age 2 years, chewing and tongue movements become
more proficient.

» NORMAL PHASES OF SWALLOWING

Swallowing is divided into 3 phases: oral, pharyngeal, and esophageal. These phases allow the
food and liquid to move from mouth to stomach efficiently 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. The 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.

The pharyngeal phase is the actual reflexive 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. The larynx moves up and forward, closing the glottis. The 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. The 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,” 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. The causes of dysphagia in children are widespread and include
congenital, inflammatory, 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 difficulties. Improved survival

Box 19-1

