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INTRODUCTION

Mastering the cognitive knowledge within a field such as pediatrics is a for-
midable task. It is even more difficult to draw on that knowledge, procure and
filter through the clinical and laboratory data, develop a differential diagno-
sis, and finally form a rational treatment plan. To gain these skills, the student
often learns best at the bedside, guided and instructed by experienced teachers,
and inspired toward self-directed, diligent reading. Clearly, there is no replace-
ment for education at the bedside. Unfortunately, clinical situations usually do
not encompass the breadth of the specialty. Perhaps the best alternative is a
carefully crafted patient case designed to stimulate the clinical approach and
decision making. In an attempt to achieve that goal, we have constructed a
collection of clinical vignettes to teach diagnostic or therapeutic approaches
relevant to pediatrics. Most importantly, the explanations for the cases empha-
size the mechanisms and underlying principles, rather than merely rote ques-
tions and answers.

This book is organized for versatility: It allows the student “in a rush” to go
quickly through the scenarios and check the corresponding answers, while
allowing the student who wants more thought-provoking explanations to go at
a more measured pace. The answers are arranged from simple to complex: a
summary of the pertinent points, the bare answers, an analysis of the case, an
approach to the topic, a comprehension test at the end for reinforcement and
emphasis, and a list of resources for further reading. The clinical vignettes are
purposely placed in random order to simulate the way that real patients pres-
ent to the practitioner. A listing of cases is included in Section III to aid the
student who desires to test his or her knowledge of a specific area or who wants
to review a topic, including basic definitions. Finally, we intentionally did not
primarily use a multiple-choice question format in our clinical case scenarios
because clues (or distractions) are not available in the real world. Nevertheless,
several multiple-choice comprehension questions are included at the end of
each case discussion to reinforce concepts or introduce related topics.

HOW TO GET THE MOST OUT OF THIS BOOK

Each case is designed to simulate a patient encounter with open-ended ques-
tions. At times, the patient’s complaint is different from the most concerning
issue, and sometimes extraneous information is given. The answers are organ-
ized into four different parts:

Xi



xii INTRODUCTION

PART 1

1. Summary: The salient aspects of the case are identified, filtering out the
extraneous information. Students should formulate their summary from
the case before looking at the answers. A comparison to the summation in
the answer will help to improve their ability to focus on the important data
while appropriately discarding the irrelevant information—a fundamental
skill in clinical problem solving.

2. A Straightforward Answer is given to each open-ended question.

3. The Analysis of the Case is composed of two parts:
a. Objectives of the Case: A listing of the two or three main principles
that are crucial for a practitioner to manage the patient. Again, the stu-
dents are challenged to make educated “guesses” about the objectives of
the case upon initial review of the case scenario, which helps to sharpen
their clinical and analytical skills.
b. Considerations: A discussion of the relevant points and brief approach
to the specific patient.

PART I1
Approach to the Disease Process consists of two distinct parts:

a. Definitions: Terminology pertinent to the disease process.
b. Clinical Approach: A discussion of the approach to the clinical problem
in general, including tables, figures, and algorithms.

PART II1

Comprehension Questions: Each case contains several multiple-choice ques-
tions, which reinforce the material or introduce new and related concepts.
Questions about material not found in the text have explanations in the answers.

PART IV
Clinical Pearls: Several clinically important points are reiterated as a sum-
mation of the text. This allows for easy review, such as before an examination.
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2 CASE FILES: Pediatrics

Part 1. Approach to the Patient

The transition from the textbook or journal article to the clinical situation is
perhaps the most challenging in medicine. Retention of information is diffi-
cult; organization of the facts and recall of these myriad of data to apply to the
patient are crucial. This text aids in the process. The first step is gathering
information, otherwise known as establishing the database. This consists of
taking the history (asking questions), performing the physical examination,
and obtaining selective laboratory and/or imaging tests.

The history is the single most important method of establishing a diagnosis.
Depending on the age of the child, the information may be gathered solely
from the parent, from both the parent and the child, or solely from the ado-
lescent. The student should remember not to be misled by the diagnosis of
another physician or by a family member. A statement such as “Johnnie has
pneumonia and needs antibiotics” may or may not be correct; an astute clini-
cian will keep an open mind and consider other possibilities, such as upper
respiratory tract infection, aspirated foreign body, reactive airway disease, or
even cystic fibrosis. The art of seeking the information in a nonjudgmental,
sensitive, and thorough method cannot be overemphasized.

HISTORY

1. Basic information:

a. Age, gender, and ethnicity are important because some childhood ill-
nesses occur with increased regularity at various ages, with higher
frequency in one gender or, more commonly, in one ethnic group. For
instance, anorexia nervosa is more common in white adolescent females,
whereas complications of sickle cell anemia are more common in African
American children of both genders.

2. Chief complaint: This is usually the response that the patient or the
patient’s family member gives to the question: “Why are you seeing the
doctor today?”

3. History of present illness: The onset, duration, and intensity of the pri-
mary complaint, as well as associated symptoms, exacerbating and reliev-
ing factors, and previous attempts at therapy should be determined. For
children, especially adolescents, a hidden agenda must be considered; it is
not uncommon for the adolescent to actually have questions about sex-
uality when the stated reason for the office visit is totally unrelated. Both
positive findings (the stool was loose, voluminous, and foul-smelling) and
negative findings (without blood or mucus) are appropriate.

4. Past history:

a. Pregnancy and delivery: The age of the mother, the number of pregnan-
cies, the route of delivery, and the gestational age of the infant can often
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provide clues as to the etiology of pediatric conditions. For instance, a
large, full-term infant born by cesarean delivery who then develops an
increased respiratory rate and streakiness on chest radiograph is more
likely to have transient tachypnea of the newborn than is an infant
born vaginally at 28-week gestation with similar symptoms. Similarly, a
history of drug use (including over-the-counter, prescription, and illicit
drugs) or infections during pregnancy should be obtained.

b. Neonatal history: Any problems identified in the neonatal period,
such as severe jaundice, infections, feeding difficulties, and prolonged
hospitalization, should be reviewed, especially for the younger pedi-
atric patients in whom residua of these problems may remain.

c. Surgical history: When, where, and for what reason the surgery was
performed should be explored. Complications should be noted.

d. Medical history: Whereas minor illnesses (such as occasional upper res-
piratory infections) can be reviewed quickly, more serious illnesses (such
as diabetes mellitus) should be investigated fully. The age at diagnosis,
treatments prescribed, and response to therapies can be reviewed. The
number and nature of hospitalizations and complications are often
important. For instance, a diabetic patient with frequent hospitaliza-
tions for ketoacidosis may indicate a lack of education of the family or
underlying psychosocial issues complicating therapy. A child with a his-
tory of frequent, serious accidents should alert the physician of possible
child abuse.

e. Developmental history: For preschool children, a few questions about
language and fine motor, gross motor, and psychosocial skills will
provide good clues about development. For school-aged children,
areas of strength and weaknesses are helpful.

5. Allergies: Reactions to medications should be recorded, including sever-
ity and temporal relationship to medications.

6. Immunizations: Dates for primary and booster series of immunizations
should be recorded, preferably by reviewing the immunization cards. If the
child is in school, a presumption about state laws regarding immunization
completion can be made while the immunization card is being retrieved.

7. Medications: List the names of current medications, dosages, routes of
administration and frequency, and durations of use. Prescription, over-
the-counter, and herbal remedies are relevant.

[ ]

The adolescent must be treated with sensitivity, respect, and confidential-
ity to foster the optimal environment for medical care.
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10.

11.

Sexual history of adolescents: Details of an adolescent’s sexual habits,
contraceptive use, pregnancies, and sexually transmitted diseases (STDs)
should be determined.

Family history: Because many conditions are inherited, the ages and
health of siblings, parents, grandparents, and other family members can
provide important diagnostic clues. For instance, an obese child with a
family history of adult-onset diabetes is at high risk for developing dia-
betes; early intervention is warranted.

Social history: Living arrangements, economic situations, type of insur-
ance, and religious affiliations may provide important clues to a puzzling
diagnostic case or suggest important information about the acceptability
of therapeutic options.

Review of systems: A few questions about each of the major body systems
allow the practitioner to ensure that no problems are overlooked and to
obtain crucial history about related and unrelated medical conditions.

PHYSICAL EXAMINATION

1.

General appearance: Well- versus poorly nourished; evidence of toxemia,
including lethargy (defined as poor or absent eye contact and refusal to
interact with environment), signs of poor perfusion, hypo- or hyperventi-
lation, and cyanosis; or stigmata of syndromes (such as Down or Turner).

Skin: In smaller children, checking the color of the skin for evidence of
pallor, plethora, jaundice, or cyanosis is important. Abnormalities such as
capillary hemangiomas (eg, “stork bites” in a newborn), café au lait, pig-
mented nevi (eg, “mongolian spots”), erythema toxicum, or pustular
melanosis can be identified. In older children, macules, papules, vesicles,
pustules, wheals, and petechiae or purpura should be described, and evi-
dence of excoriation, crust formation, desquamation, hyperpigmentation,
ulceration, scar formation, or atrophy should be identified.

. Vital signs: Temperature, blood pressure (generally begin routine meas-

urement after 3 years), heart rate, respiratory rate, height, weight, and

head circumference (generally measured until age 3 years). Measurements

are plotted and compared to normals for age.

Head, eyes, ears, nose, mouth, and throat:

a. Head: For the neonate, the size of fontanelles and presence of over-
riding sutures, caput succedaneum (superficial edema or hematoma
that crosses suture lines, usually located over crown), or cephalohe-
matoma (hematoma that does not cross suture lines) should be noted.
For the older child, the size and shape of the head as well as abnor-
malities such as swellings, depressions, or abnormal hair quality or dis-
tribution may be identified.

b. Eyes: For infants, abnormalities in the size, shape, and position of the
orbits, the color of the sclera (blue sclera, for instance, may indicate
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osteogenesis imperfecta), conjunctival hemorrhages or abnormalities,
or the presence of iris defects (such as coloboma) may be found. The
visual acuity of older children should be determined.

c. Ears: For all children, abnormalities in the size, shape, and position of
the ears can provide important diagnostic clues. Whereas tympanic
membranes are difficult to assess in newborns, their integrity should be
assessed in older children. For all children, the quality and character
of discharge from the ear canal should be documented.

d. Nose: The size, shape, and position of the nose (in relation to the face
and mouth) can provide diagnostic clues for various syndromes, such
as a small nose in Down syndrome. Patency of the nostrils, especially
in neonates who are obligate nose breathers, is imperative. Abnormalities
of the nasal bridge or septum, integrity of the mucosa, and the presence
of foreign bodies should be noted. A butterfly rash around the nose can
be associated with systemic lupus erythematosus (SLE), and a trans-
verse crease across the anterior portion of the nose is seen with allergic
rhinitis.

e. Mouth and throat: The size, shape, and position of the mouth and lips
in relation to other facial structures should be evaluated. In infants,
common findings of the mouth include disruption of the palate (cleft
palate syndrome), Epstein pearls (a tiny white papule in the center of
the palate), and short frenulum (“tongue-tied”). For all children, the
size, shape, and position of the tongue and uvula must be considered.
The number and quality of teeth for age should be assessed, and the
buccal mucosa and pharynx should be examined for color, rashes, exu-
date, size of tonsils, and symmetry.

5. Neck: The neck in infants usually is short and sometimes hard to evalu-
ate. Nonetheless, the size, shape, and preferred position of the neck can
be evaluated for all children. The range of motion can be evaluated by
gentle movement. Symmetry of the muscles, thyroid gland, veins, and
arteries is important. An abnormal mass, such as a thyroglossal duct cyst
(midline above the level of the thyroid) or brachial cleft cyst (along the
sternomastoid muscle), or unusual findings, such as webbing in Turner
syndrome, can be identified.

6. Chest: General examination of the chest should include an evaluation of
the size and shape of the structures along with identification of obvious
abnormalities (such as supernumerary nipples) or movement with respi-
rations. Respiratory rate varies according to age and ranges from 40 to
60 breaths/min in the neonate to 12 to 14 breaths/min in the toddler.
The degree of respiratory distress can be stratified, with increasing dis-
tress noted when the child moves from subcostal to intercostal to supr-
aclavicular to suprasternal retractions. Palpation of the chest should
confirm the integrity of the ribs and clavicles and any swelling or tender-
ness in the joints. Percussion in older children may reveal abnormalities,
especially if asymmetry is noted. The chest should be auscultated for air
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movement, vocal resonance, rales, rhonchi, wheezes, and rubs. In adoles-
cent girls, symmetry of breast development and presence of masses or nip-
ple discharge should be evaluated.

. Cardiovascular: The precardium should be inspected for abnormal
movements. The chest should be palpated for the location and quality of
the cardiac impulse and to determine if a thrill is present. The presence
and quality of the first and second heart sounds, including splitting with
respirations, should be noted. Murmurs, clicks, rubs, and abnormalities in
rate (which vary by age) or rthythm should be identified. The peripheral
perfusion, pulses, and color should be assessed.

. Abdominal examination: The abdomen should be inspected to determine
whether it is flat or protuberant, if masses or lesions such as striae are obvi-
ous, or if pulsations are present. In older children, the abdomen usually is
flat, but in the neonate a very flat abdomen in conjunction with respira-
tory distress may indicate diaphragmatic hernia. The umbilicus, especially
for neonates, should be evaluated for defects, drainage, or masses; a small
umbilical hernia often is present and is normal. In the newborn, one
umbilical vein and two umbilical arteries are normal. In the neonate, pal-
pation of the abdomen may reveal a liver edge about 2 cm below the
coastal margin, a spleen tip, and, using deep pressure, kidneys. In older
children, these structures are not usually palpable except in pathology.
Depending on the history, other masses must be viewed with suspicion for
a variety of conditions. Bowel sounds are usually heard throughout the
abdomen except in pathology. In adolescent females, the lower abdomen
should be palpated for uterine enlargement (pregnancy).

. Genitalia: Examination of the male for the size and shape of the penis, tes-
ticles, and scrotum is important. The position of the urethral opening should
be assessed. In newborn girls, the labia majora usually is large and completely
encloses the labia minora; the genitalia usually is highly pigmented and
swollen with an especially prominent clitoris. A white discharge is usually
present in the first days of life, and occasionally a blood-tinged fluid is also
seen. In toddlers, examination of the genitalia can be challenging. Placing
the toddler in a frog-leg position while the toddler sits in the parent’s lap
(or on the examination table) often allows successful viewing of external
genitalia. In older gitls, the knee-chest position affords an excellent view of
the external genitalia. In girls outside the newborn period, the labia minora
are smaller compared to the remainder of the external genitalia, and the
vaginal mucosa is red and appears thin. The hymen, which is just inside the
introitus, should be inspected. Abnormalities of the hymen, such as imper-
foration or tags, vaginal discharge, foreign bodies, and labial adhesions, may
be noted. A speculum examination should be performed for sexually active
adolescent girls. Tanner staging for pubertal development should be done for
both boys and gitls. Inguinal hernias should be identified; normalcy of anus
should be confirmed.
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10. Extremities: For all children, the size, shape, and symmetry of the

11.

extremities should be considered; muscle strength should be evaluated.
Joints may be investigated for range of motion, warmth, tenderness, and
redness. Normalcy of gait for age should be reviewed. For infants, recog-
nition of dislocated hips is of critical importance, as lifelong growth
abnormalities may result. For adolescents, identification of scoliosis is
important to prevent the debilitating complications of that condition.
Athletes require evaluation of the integrity of their joints, especially
those joints that will be used in sporting activities.

Neurologic: Neurologic evaluation of the older child is similar to that in
adults. Consciousness level and orientation are determined as a starting point.
The cranial nerves should be assessed. The motor system should be evaluated
(including strength, tone, coordination, and involuntary movements).
Superficial and deep sensory systems, and deep tendon reflexes should be
reviewed. In younger infants a variety of normal primitive reflexes (Moro,
parachute, suck, grasp) can be found, but ensuring that these reflexes have
extinguished by the appropriate age is equally important.

LABORATORY ASSESSMENT

The American Academy of Pediatrics recommends a few laboratory screening
tests be accomplished for pediatric patients. These tests vary according to the
child’s age and risk factors.

1.

Newborn metabolic screening is done in all states, usually after 24 hours
of age, but the exact tests performed vary by state. Conditions commonly
screened for include hypothyroidism, phenylketonuria, galactosemia,
hemoglobin type, and adrenal hyperplasia. Other conditions that may be
assessed include maple syrup urine disease, homocystinuria, biotinidase
deficiency, cystic fibrosis, tyrosinemia, and toxoplasmosis. Some states
require a second newborn screen be performed after 7 days of age.

. Hemoglobin or hematocrit levels are recommended for high-risk infants

(especially premature infants and those with low birth weight), at 9 to
12 months of age, and yearly on all menstruating adolescents.

. Urinalyses are recommended at 9 to 12 months of age and at 5 years of age,

and dipstick urinalysis for leukocytes annually for sexually active adolescents.

. Lead screening is done, especially in high-risk areas, at 9 to 12 months of

age, and again at 2 years of age.

. Cholesterol screening is performed in high-risk patients (those with posi-

tive family histories) older than 24 months.

. Sexually transmitted disease screening is performed yearly on all sexually

active patients.

Other specialized testing is accomplished depending on the child’s age, risk

factors, chief complaint, and conditions included in the differential diagnosis.
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IMAGING PROCEDURES

1. Plain radiographs offer the advantage of inexpensive testing that reveals
global views of the anatomy. Unfortunately, fine organ detail is not
revealed sometimes, requiring further radiographic study. Bone films for
fracture, chest films for pneumonia, and abdomen films for ileus are com-
mon uses of this modality.

2. Ultrasonography is a fairly inexpensive modality that requires little or no
sedation and has no radiation risks. It offers good organ and anatomic
detail, but it can be operator dependent. Not all organs are accessible to
sonography. Common examinations include the head for intraventricular
hemorrhage in the premature infant, the abdomen for conditions such as
pyloric stenosis, and the kidneys for abnormal structure.

3. Computer tomography (CT) provides good organ and anatomic detail and
is quick, but it is fairly expensive, may require contrast, and does involve
radiation. Some children require sedation to complete the procedure. This
test is often performed on the abdomen or head in trauma victims.

4. Magnetic resonance imaging (MRI) is expensive but does not involve
radiation. Because it is a slow procedure, sedation is often needed for
younger children, and contrast is sometimes required. It allows for superb
tissue contrast in multiple planes, and excellent anatomic and functional
imaging. It is frequently used to provide detail on the brain in patients with
seizures or developmental delay or to provide tissue detail on a mass
located virtually anywhere in the body.

5. Nuclear scan is moderately expensive and invasive. It provides functional
information (usually organ specific) but provides poor anatomic detail.
Radiation is involved. Common uses include bone scans for infection and
renal scans for function.

Part 2. Approach to Clinical Problem Solving

There are generally four steps to the systematic solving of clinical problems:

1. Making the diagnosis

2. Assessing the severity of the disease

3. Rendering a treatment based on the stage of the disease
4. Following the response to the treatment

MAKING THE DIAGNOSIS

This is achieved with careful sifting of the database, analysis based on the risk
factors present, and development of a list of possibilities (the differential diag-
nosis). The process includes knowing which pieces of information are more
meaningful and which can be discarded. Experience and knowledge from
reading help to guide the physician to key in on the most important concerns.
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A good clinician also knows how to ask the same question in several dif-
ferent ways and using different terminology, because patients at times will
deny having been treated for asthma but will answer affirmatively to being
hospitalized for wheezing. A diagnosis can be reached by systematically
reviewing each possible cause and reading about each disease. The patient’s
presentation is then matched up against each of these possibilities and either
placed higher up on the list as a potential etiology or lower down because of
the disease frequency, the patient’s presentation, or other clues. A patient’s
risk factors may influence the probability of a diagnosis. Usually a long list of
possible diagnoses can be pared down to two or three top suspicions, based on
key laboratory or imaging tests. For example, an adolescent presenting with a
fever as the chief complaint can have an extensive differential diagnosis
reduced to far fewer possibilities when the history reveals an uncle in the
home with cough, weight loss, and night sweats, and the physical examina-
tion shows an increased respiratory rate, lymphadenopathy, and right lower
lobe lung crackles. In this case, the patient likely has tuberculosis.

ASSESSING THE SEVERITY OF THE DISEASE

The next step is to characterize the severity of the disease process. In asthma,
this is done formally based on guidelines promulgated by the National Heart,
Lung, and Blood Institute (NHLBI). Asthma categories range from mild inter-
mittent (least severe) to severe persistent (most severe). For some conditions,
such as syphilis, the staging depends on the length of time and follows along
the natural history of the infection (ie, primary, secondary, or tertiary syphilis).

RENDERING TREATMENT BASED ON THE
STAGE OF THE DISEASE

Many illnesses are stratified according to severity because prognosis and treat-
ment vary based on the severity. If neither the prognosis nor the treatment was
affected by the stage of the disease process, it would not make much sense to
subcategorize something as mild or severe. As an example, mild intermittent
asthma poses less danger than does severe persistent asthma (particularly if the
patient has been intubated for asthma in the past). Accordingly, with mild
intermittent asthma, the management would be intermittent short-acting
B-agonist therapy while watching for any worsening of the disease into more
serious categories (more severe disease). In contrast, a patient with severe per-
sistent asthma would generally require short-acting B-agonist medications as
well as long-acting B-agonists, inhaled steroids, and potentially oral steroids.
Group A B-hemolytic streptococcal pharyngeal infection (“strep throat”) is
associated with complications, including poststreptococcal glomerulonephritis
and rtheumatic fever. The presence of group A B-hemolytic Streptococcus con-
fers an increased risk of problems, but neither the prognosis nor the treatment
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is affected by “more” group A B-hemolytic Streptococcus or “less” group A
B-hemolytic Streptococcus. Hence, the student should approach new disease
by learning the mechanism, clinical presentation, how it is staged, and how
the treatment varies based on stage.

FOLLOWING THE RESPONSE TO TREATMENT

The final step in the approach to disease is to follow the patient’s response to
the therapy. Whatever the “measure” of response, it should be recorded and
monitored. Some responses are clinical, such as a change in the patient’s pain
level or temperature, or results of pulmonary examination. Obviously the stu-
dent must work on being more skilled in eliciting the data in an unbiased and
standardized manner. Other patients may be followed by imaging, such as com-
puterized tomographic (CT) scan of a retroperitoneal node size in a patient
receiving chemotherapy for neuroblastoma, or a marker such as the platelet
count in a patient recovering from Kawasaki syndrome. For syphilis, it may be
the nonspecific treponemal antibody test rapid plasma reagin (RPR) titer every
month. The student must know what to do if the measured marker does not
respond according to the expected. Is the next step to treat further, or to repeat
the metastatic workup, or to follow up with another more specific test?

Part 3. Approach to Reading

The student must approach reading differently than the classic “systematic”
review of a particular disease entity. Patients rarely present with a clear diag-
nosis; hence, the student must become skilled in applying the textbook infor-
mation to the clinical setting. Everyone retains more when the reading is
performed with a purpose. Experience teaches that with reading, there are sev-
eral crucial questions to consider thinking clinically. They are the following:

What is the most likely diagnosis?

What should be your next step?

What is the most likely mechanism for this process?
What are the risk factors for this condition?

What are the complications associated with this disease?
What is the best therapy?

A e

WHAT IS THE MOST LIKELY DIAGNOSIS?

Establishing the diagnosis was discussed in the previous section. This is a dif-
ficult task to give to the medical student; however, it is the basic problem that
will confront clinicians for the rest of their careers. One way of attacking this
problem is to develop standard “approaches” to common clinical problems.
It is helpful to memorize the most common causes of various presentations,
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such as “the most common cause of mild respiratory distress in a term infant
born by cesarean section is retained amniotic fluid (transient tachypnea of the
newborn).”

The clinical scenario would entail something such as:

“A 3-hour-old infant is noted to have a mildly increased respiratory rate
and slight subcostal retractions. The infant is term, large for gestation age, and
was born by repeat cesarean section. The pregnancy was uncomplicated.
What is the most likely diagnosis?”

With no other information to go on, the student would note that this baby
has respiratory distress. Using the “most common cause” information, the stu-
dent would guess transient tachypnea of the newborn. If, instead, the gesta-
tional age “term” is changed to “preterm at 30 weeks’ gestation,” a phrase can
be added, such as:

“The mother did not receive prophylactic steroids prior to birth.”

Now, the student would use the “most common cause of respiratory distress
in a preterm child whose mother did not receive prenatal steroids” is surfac-
tant deficiency (respiratory distress syndrome).

WHAT SHOULD BE YOUR NEXT STEP?

This question in many ways is even more difficult than the most likely diag-
nosis, because insufficient information may be available to make a diagnosis
and the next step may be to pursue more diagnostic information. Another
possibility is that the diagnosis is clear, but the next step is the staging of the
disease. Finally, the next step may be to treat. Hence, from clinical data a
judgment needs to be rendered regarding how far along one is on the road of:

Make diagnosis — Stage disease —

Treat based on the stage — Follow response

In particular, the student is accustomed to regurgitating the same informa-
tion that someone has written about a particular disease but is not skilled at
giving the next step. This talent is optimally learned at the bedside, in a sup-
portive environment, with freedom to take educated guesses, and with con-
structive feedback. The student in assessing a child in the hospital should go
through the following thinking process:

1. Based on the information I have, I believe that C] (a 3-month-old child
with a positive respiratory syncytial virus nasal washing) has bronchiolitis.
2. Idon’t believe that this is severe disease (such as significant oxygen require-
ment, severe retractions, or carbon dioxide retention on blood gas analysis).

A chest radiograph shows no lobar consolidation (I believe this is important

because a lobar consolidation would suggest a bacterial etiology).

3. Therefore, the treatment is supportive care with supplemental oxygen and
intravenous (IV) fluids as needed.
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4. I want to follow the treatment by assessing the child’s respiratory status (I will
follow the oxygen saturation and degree of retractions), his temperature,
and his ability to maintain his hydration orally without intravenous fluids.
Also, if in the next few days he does not get better or if he worsens, I think
he will need a repeat chest radiograph to assess whether he has an evolv-
ing bacterial pneumonia.

In a similar patient, when the clinical presentation is not so clear, perhaps
the best “next step” may be diagnostic in nature such as blood cultures to
determine if bacteremia is present. This information is sometimes tested by
the dictum, “the gold standard for the diagnosis and treatment of a bacterial
infection is a culture.”

Sometimes the next step is therapeutic.

WHAT IS THE LIKELY MECHANISM FOR THIS PROCESS?

This question goes further than requiring the student to make the diagnosis; it
also requires the student to understand the underlying mechanism for the
process. For example, a clinical scenario may describe a 5-year-old child with
Henoch-Schénlein purpura (HSP) who develops abdominal pain and heme-
positive stools 1 week after diagnosis. The student first must diagnose the
heme-positive stools associated with Henoch-Schénlein purpura, which occur
in approximately 50% of patients. Then, the student must understand that the
edema and damage to the vasculature of the gastrointestinal (GI) tract can
cause bleeding along with colicky abdominal pain, sometimes progressing to
intussusception. The mechanism of the pain and bleeding is, therefore, vas-
culitis causing enlarged mesenteric lymph nodes, bowel edema, and hemor-
rhage into the bowel. Answers that a student may speculate, but would not be
as likely, include appendicitis, bacterial gastroenteritis, or volvulus.

The student is advised to learn the mechanisms for each disease process
and not merely to memorize a constellation of symptoms. In other words,
rather than trying to commit to memory the classic presentation of Henoch
Schénlein purpura (typical rash, abdominal pain, and arthritis), the student
should also understand that vasculitis of the small vessels is the culprit. The
vasculitis causes edema, mainly in the dependent areas, that precedes the pal-
pable purpura. This vasculitis is responsible not only for edema in the joints
(mainly in dependent areas such as the knees and ankles) causing the arthri-
tis found in approximately two-thirds of patients, but also for damage to the
vasculature of the GI tract leading to the intermittent, colicky abdominal
pain that can manifest as heme-positive stools or even intussusception.

WHAT ARE THE RISK FACTORS FOR THIS CONDITION?

Understanding the risk factors helps to establish the diagnosis and interpret
test results. For example, understanding the risk factor analysis may help to
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manage a 1-year-old child with anemia found on routine screening. If the child
had no risk factors for lead poisoning or thalassemia, the practitioner may
choose to treat with supplemental iron because the likelihood for more serious
pathology is low. On the other hand, if the same 1-year-old child were a recent
immigrant from an endemic area, lived in an older home with peeling paint,
had a father who worked at a battery smelting plant, and ate meals from
unglazed pottery, a practitioner should presumptively diagnose lead poisoning
until proven otherwise. The physician may want to obtain a serum lead level,
a complete blood count (CBC) with differential (looking for basophilic stip-
pling), and thoroughly evaluate the child for developmental delay. Thus, the
number of risk factors helps to categorize the likelihood of a disease process.

WHAT ARE THE COMPLICATIONS ASSOCIATED
WITH THIS DISEASE?

A clinician must understand the complications of a disease so that the patient
can be monitored. Sometimes, the student will have to make the diagnosis from
clinical clues and then apply his or her knowledge of the sequelae of the patho-
logic process. For example, a child diagnosed with high fever, rash, lym-
phadenopathy, and oral and conjunctival changes is diagnosed with Kawasaki
syndrome. Complications of this condition include arthritis, vasculitis of the
medium-sized arteries, hydrops of the gallbladder, urethritis, and aseptic menin-
gitis. Understanding the types of complications helps the clinician to assess the
patient. For example, one life-threatening complication of Kawasaki syndrome
is coronary artery aneurysm and thrombosis. The clinical presentation in the
subacute phase is desquamation, thrombocytosis, and the development of
coronary aneurysms with a high risk of sudden death. The appropriate ther-
apy is intravenous immunoglobulin in the acute phase and high-dose aspirin as
soon as possible after the diagnosis is made. Nonrecognition of the risk of coro-
nary artery aneurysm and appropriate therapy for thrombosis can lead to the
patient’s death. Students apply this information when they see on rounds a
patient with Kawasaki syndrome and monitor for new murmurs, thrombocyto-
sis, myocarditis, and development of coronary artery aneurysms. The clinician
communicates to the team to watch the patient for any of these signs or symp-
toms so that appropriate therapy can be considered.

WHAT IS THE BEST THERAPY?

This is perhaps the most difficult question, not only because the clinician
needs to reach the correct diagnosis and assess the severity of the condition,
but also because he or she must weigh the situation to reach the appropriate
intervention. The student does not necessarily need to memorize exact
dosages, but the medication, the route of delivery, and possible complications
are important. It is important for the student to verbalize the diagnosis and
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the rationale for the therapy. A common error is for the student to “jump to
a treatment,” almost like a random guess, and therefore be given a “right or
wrong” feedback. In fact, the student’s guess may be correct but for the wrong
reason; conversely, the answer may be a very reasonable one, with only one
small error in thinking. It is crucial instead to give the steps so that feedback
can be given for each step.

For example, what is the best therapy for a 15-year-old sexually active ado-
lescent female with severe, cystic acne? The incorrect manner of response is
for the clinician to blurt out “Accutane.” Rather, the student should reason it
as follows:

“Severe, cystic acne can be treated with a variety of modalities. Side effects
of the medications must be considered in a sexually active teenager who is sta-
tistically at high risk for pregnancy. Accutane causes severe birth defects and
is absolutely contraindicated in pregnancy. Therefore, the best treatment for
this adolescent may be a combination of oral antibiotics and topical medica-
tions that present a much lower chance of devastating side effects.”
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Case 1

A mother brings her 12-month-old child, a new patient for your clinic,
for a well-child visit. The infant appears to be small for her age. Her
weight is below the 5th percentile on standardized growth curves (50th
percentile for an 8-month-old), her length is at the 25th percentile, and
her head circumference is at the 50th percentile. Her vital signs and her

examination otherwise are normal.

» What is the next step in the management of this patient?
» What is the most likely diagnosis?

» What is the next step in the evaluation?
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ANSWERS TO CASE 1:

Failure to Thrive

Summary: A 12-month-old girl has poor weight gain, but no etiology is found
on examination.

» Next step: Gather more information, including birth, past medical, family,
social, and developmental histories. A dietary history is especially important.

> Most likely diagnosis: Failure to thrive (FTT), most likely “nonorganic” in
etiology.

> Next step in evaluation: Limited screening laboratory testing to identify
organic causes of FTT, dietary counseling, and frequent office visits to assess
weight gain.

ANALYSIS

Objectives

1. Know the historical clues necessary to recognize organic and nonorganic
FTT.

2. Understand the appropriate use of the laboratory in a healthy child with
FTT.

3. Appreciate the treatment and follow-up of a child with nonorganic FTT.

Considerations

This patient’s growth pattern (inadequate weight gain, potentially modest
length retardation, and head circumference sparing) suggests FT T, most likely
nonorganic given that the examination is normal. A nonorganic FTT diag-
nosis is made after organic etiologies are excluded, and, after adequate nutri-
tion and an adequate environment is assured, growth resumes normally after
catch-up growth is demonstrated. Diagnostic and therapeutic maneuvers
aimed at organic causes are appropriate when supported by the history (pre-
maturity, maternal infection) or examination (enlarged spleen, significant
developmental delay). Although organic and nonorganic FTT can occur
simultaneously, attempts to differentiate the two forms are helpful because the
evaluation, treatment, and follow-up may be very different.

Note: Had the same practitioner followed this patient since birth or had
previous records from the previous health-care provider, earlier detection of
FTT and its potential etiology with rapid intervention might have occurred.
For instance, patients with poor caloric intake usually fail to gain weight but
maintain length and head circumference. As nutrition remains poor, length
becomes affected next and then ultimately head circumference.
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APPROACH TO
Failure to Thrive
DEFINITIONS

FAILURE TO THRIVE (FTT): A physical sign, not a final diagnosis. It is sus-
pected when growth is below the third or fifth percentile or crosses more than
two major growth percentiles in a short time frame. Usually seen in children
younger than 5 years whose physical growth is significantly less than that of
their peers.

NONORGANIC (PSYCHOSOCIAL) FTT: Poor growth without a medical eti-
ology. Nonorganic FTT often is related to poverty or poor caregiver—child
interaction. It constitutes one-third to one-half of FT T cases identified in ter-
tiary care settings and nearly all cases in primary care settings.

ORGANIC FTT: Poor growth caused by an underlying medical condition, such
as inflammatory bowel disease, renal disease, or congenital heart conditions.

CLINICAL APPROACH

The goals of the history, physical examination, and laboratory testing are to
establish whether the child’s caregiver is supplying enough calories, whether
the child is consuming enough calories, and whether the child is able to use
the calories for growth. Identification of which factor is the likely source of
problem helps guide management.

Diagnosis

The history and physical examination are the most important tools in an FTT
evaluation. A dietary history can offer important clues to identify an etiology.
The type of milk (breast or bottle) and frequency and quality of feeding, void-
ing, vomiting, and stooling should be recorded. The milk used (commercial or
homemade formula) and the mixing process (to ensure appropriate dilution)
should be reviewed (adding too much water to powdered formula results in
inadequate nutrition). The amount and type of juices and solid foods should
be noted for older children. Significant food aversions might suggest gastric
distress of malabsorption. A two-week food diary (the parent notes all foods
offered and taken by the child) and any associated symptoms of sweating,
choking, cyanosis, difficulty sucking, and the like can be useful.

Pregnancy and early neonatal histories may reveal maternal infection,
depression, drug use, intrauterine growth retardation, prematurity, or other
chronic neonatal conditions. When children suspected of having FTT are
seen in families whose members are genetically small or with a slow growth
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history (constitutional delay), affected children are usually normal and do not
require an exhaustive evaluation. In contrast, a family history of inheritable
disease associated with poor growth (cystic fibrosis) should be evaluated more
extensively. Because nonorganic FTT is more commonly associated with
poverty, a social history is often useful. The child’s living arrangements,
including primary and secondary caregivers, housing type, caregiver’s finan-
cial and employment status, the family’s social supports, and unusual stresses
(such as spousal abuse) should be reviewed. While gathering the history, the
clinician can observe for unusual caregiver—child interactions.

All body organ systems potentially harbor a cause for organic FTT (Table 1-1).
The developmental status (possibly delayed in organic and nonorganic FT'T)
needs evaluation. Children with nonorganic FTT may demonstrate an occipital
bald spot from lying in a bed and failure to attain appropriate developmental
milestones resulting from lack of parental stimulation; may be disinterested in
their environment; may avoid eye contact, smiling, or vocalization; and may not
respond well to maternal attempts of comforting. Children with some types of
organic FTT (renal tubular acidosis) and most nonorganic FTT show “catch-up”
in developmental milestones with successful therapy. During the examination
(especially of younger infants) the clinician can observe a feeding, which may
give clues to maternal—child interaction bonding issues or to physical problems
(cerebral palsy, oral motor or swallowing difficulties, velum cleft palate).

The history or examination suggestive of organic FTT directs the labora-
tory and radiologic evaluation. In most cases, results of the newborn state

Table 1-1 MAJOR CAUSES OF INADEQUATE WEIGHT GAIN

Inadequate Caloric Intake

* Lack of appetite: depression, chronic disease

* Ingestion difficulties: feeding disorders, neurologic disorders (cerebral palsy),
craniofacial anomalies, genetic syndromes, tracheoesophageal fistula

+ Unavailability of food: neglect, inappropriate food for age, insufficient volume of food

Altered Growth Potential

* Prenatal insult, chromosomal anomalies, endocrine disorders

Caloric Wasting

» Emesis: intestinal tract disorders, drugs, toxins, CNS pathology

» Malabsorption: Gl disease (biliary atresia, celiac disease), inflammatory bowel disease,
infections, toxins

* Renal losses: diabetes, renal tubular acidosis

Increased Caloric Requirements

* Increased metabolism: congenital heart disease, chronic respiratory disease,
neoplasms, chronic infection, hyperthyroidism

+ Defective use of calories: metabolic disorders, renal tubular acidosis

Abbreviations: CNS, central nervous system; Gl, gastrointestinal.
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screen are critical. A child with cystic fibrosis in the family requires sweat
chloride or genetic testing. A child with a loud, harsh systolic murmur and
bounding pulses deserves a chest radiograph, an electrocardiogram (ECG),
and perhaps an echocardiogram and cardiology consult. Most FTT children
have few or no signs. Thus, laboratory evaluation is usually limited to a few
screening tests: a complete blood count (CBC), lead level (especially for
patients in lower socioeconomic classes or in cities with a high lead preva-
lence), urinalysis and culture, and serum electrolyte levels (including calcium,
blood urea nitrogen [BUN], and creatinine). A tuberculosis skin test and
human immunodeficiency virus testing may also be indicated. Abnormalities
in screening tests are pursued more extensively.

Treatment and Follow-up

The treatment and follow-up for organic FTT is disease specific. Patients with
nonorganic FTT are managed with improved dietary intake, close follow-up,
and attention to psychosocial issues.

Healthy infants in the first year of life require approximately 120 kcal/
kg/d of nutrition and about 100 kcal/kg/d thereafter; FTT children require
an additional 50% to 100% to ensure adequate catch-up growth. A mealtime
routine is important. Families should eat together in a nondistracting environ-
ment (television off!), with meals lasting between 20 and 30 minutes. Solid
foods are offered before liquids; children are not force-fed. Low-calorie drinks,
juices, and water are limited; age-appropriate high-calorie foods (whole milk,
cheese, dried fruits, peanut butter) are encouraged. Formulas containing more
than the standard 20 cal/oz may be necessary for smaller children, and high-
calorie supplementation (PediaSure or Ensure) may be required for larger chil-
dren. Frequent office or home health visits are indicated to ensure weight gain.
In some instances, hospitalization of an FT T child is required; such infants often
have rapid weight gain, supporting the diagnosis of nonorganic FTT.

Nonorganic FTT treatment requires not only the provision of increased
calories but also attention to contributing psychosocial issues. Referral to
community services (Women, Infants, and Children [WIC] Program, Food
Stamp Program, and local food banks) may be required. Caregiver help in the
form of job training, substance and physical abuse prevention, parenting
classes, and psychotherapy may be available through community programs.
Older children and their families may benefit from early childhood interven-
tion and Head Start programs.

Some children with organic FTT also have nonorganic FTT. For instance,
a poorly growing special-needs premature infant is at increased risk for super-
imposed nonorganic FTT because of psychosocial issues, such as poor bond-
ing with the family during a prolonged hospital stay. In such cases, care for the
organic causes is coordinated with attempts to preclude nonorganic FTT.
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Comprehension Questions

1.1

1.2

1.3

Parents bring their 6-month-old son to see you. He is symmetrically
less than the fifth percentile for height, weight, and head circumfer-
ence. He was born at 30 weeks’ gestation and weighed 1000 g. He was
a planned pregnancy, and his mother’s prenatal course was uneventful
until an automobile accident initiated the labor. He was ventilated for
3 days in the intensive care unit (ICU) but otherwise did well without
ongoing problems. He was discharged at 8 weeks of life. Which of the
following is the mostly likely explanation for his small size?

A. Chromosomal abnormality

B. Protein-calorie malnutrition

C. Normal ex-premie infant growth

D. Malabsorption secondary to short gut syndrome

E. Congenital hypothyroidism

A 13-month-old child is noted to be at the 25th percentile for weight,
the 10th percentile for height, and less than the 5th percentile for
head circumference. She was born at term. She was noted to have a
small head at birth, to be developmentally delayed throughout her life,
and to have required cataract surgery shortly after birth. She currently
takes phenobarbital for seizures. Which of the following would most
likely explain this child’s small size?

A. Congenital cytomegalovirus (CMV) infection

B. Down syndrome

C. Glycogen storage disease type 11

D. Congenital hypothyroidism

E. Craniopharyngioma

A 2-year-old boy had been slightly less than the 50th percentile for

weight, height, and head circumference, but in the last 6 months he

has fallen to slightly less than the 25th percentile for weight. The

pregnancy was normal, his development is as expected, and the family

reports no psychosocial problems. The mother says that he is now a

finicky eater (wants only macaroni and cheese at all meals), but she

insists that he eat a variety of foods. The meals are marked by much

frustration for everyone. His examination is normal. Which of the fol-

lowing is the best next step in his care?

A. Sweat chloride testing

B. Examination of the eyes for retinal hemorrhages

C. Reassurance and counseling for family about childhood normal
developmental stage

D. Testing of stool for parasites

E. Magnetic resonance imaging (MRI) of the brain
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A 4-month-old child has poor weight gain. Her current weight is less
than the 5th percentile, height about the 10th percentile, and head
circumference at the 50th percentile. The planned pregnancy resulted
in a normal, spontaneous, vaginal delivery; mother and child were dis-
charged after a 48-hour hospitalization. Feeding is via breast and bot-
tle; the quantity seems sufficient. The child has had no illness. The
examination is unremarkable except for the child’s small size.
Screening laboratory shows the hemoglobin and hematocrit are 11 mg/dL
and 33%, respectively, with a platelet count of 198,000/mm?’. Serum
electrolyte levels are sodium 140, chloride 105, potassium 3.5, bicarbon-
ate 17, blood urea nitrogen 15, and creatinine 0.3. Liver function tests are
normal. Urinalysis reveals a pH of 8 with occasional epithelial cells but no
white blood cells, bacteria, protein, ketones, or reducing substances.
Which of the following is the most appropriate therapy for this child?

. Transfusion with packed red blood cells (PRBCs)

Intravenous (IV) infusion of potassium chloride

Sweat chloride analysis

Growth hormone determination

Oral supplementation with bicarbonate

SEvER-IES

ANSWERS

1.1

1.2

1.3

C. The expected weight versus age must be modified for a preterm
infant. Similarly, growth for children with Down or Turner syndrome
varies from that for other children. Thus, use of an appropriate
growth curve is paramount. For the child in the question, weight
gain should follow or exceed that of term infants. For this premature
infant, when his parameters are plotted on a “premie growth chart,”
normal growth is revealed.

A. The developmental delay, intrauterine growth retardation
(including microcephaly), cataracts, seizures, hepatosplenomegaly,
prolonged neonatal jaundice, and purpura at birth are consistent
with a congenital cytomegalovirus (CMV) or toxoplasmosis infec-
tion. Calcified brain densities of CMV typically are found in a
periventricular pattern; in toxoplasmosis, they are found scattered
throughout the cortex.

C. Between 18 and 30 months of age children often become “picky
eaters.” Their growth rate can slow, and the period can be distressing
for families. Calm counseling of parents to provide nutrition, avoid
“force-feeding,” and avoid providing snacks is usually effective. Close
follow-up is required.
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E. The patient has evidence of renal tubular acidosis (probably dis-
tal tubular), a well-described cause of FTT. Upon confirmation of the
findings, oral bicarbonate supplementation would be expected to
correct the elevated chloride level, the low bicarbonate and potas-
sium levels (although potassium supplements may be required), and

poor growth.

)

In the United States, psychosocial failure to thrive is more common than
organic failure to thrive; it often is associated with poverty or poor parent-
child interaction.

Inexpensive laboratory screening tests, dietary counseling, and close
observation of weight changes are appropriate first steps for most
healthy-appearing infants with failure to thrive.

Organic failure to thrive can be associated with abnormalities of any organ
system. Clues in history, examination, or screening laboratory tests help
identify affected organ systems.

Up to one-third of patients with psychosocial failure to thrive have devel-
opmental delay as well as social and emotional problems.

Patients with renal tubular acidosis, a common cause of organic failure to
thrive, can have proximal tubule defects (type 2) caused by impaired tubu-
lar bicarbonate reabsorption or distal tubule defects (type 1) caused by
impaired hydrogen ion secretion. Type 4 is also a distal tubule problem
associated with impaired ammoniagenesis.
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Case 2

A healthy 16-year-old adolescent male arrives at your office with his par-
ents, who are concerned about his several months’ history of erratic
behavior. At times he has a great deal more energy, decreased appetite,
and less sleep requirement than usual; at other times he sleeps incessantly
and is lethargic. He is doing poorly in school. Last evening he appeared
flushed and agitated, he had dilated pupils, and he complained “people
were out to get him.” The family notes that he has been skipping school
occasionally, and they reluctantly report that he was arrested for burglary
2 weeks previously. You know he is in good health and he previously has

been an excellent student. Today he appears normal.

> What is the most likely diagnosis?
> What is the next step in the evaluation?

> What is the long-term evaluation and therapy?
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ANSWERS TO CASE 2:

Adolescent Substance Abuse

Summary: A 16-year-old previously healthy adolescent with recent behavior
changes and declining school performance.

» Most likely diagnosis: Drug abuse (probably cocaine, possibly amphetamines).

> Next steps in evaluation: History, examination, urine drug screen, and
screening for other commonly associated drug abuse consequences (sexually
transmitted infections [STIs], hepatitis).

> Long-term evaluation and therapy: Threefold approach: (1) detoxification
program, (2) follow-up with developmentally appropriate psychosocial sup-
port systems, and (3) possible long-term assistance with a professional
trained in substance abuse management.

ANALYSIS

Objectives

1. Learn the pattern of behavior found among drug-abusing adolescents.

2. Know the signs and symptoms of the more common drugs of abuse.

3. Understand the general approach to therapy for an adolescent abusing
drugs.

Considerations

Rarely, a brain tumor could explain an adolescent with new onset of behavior
changes. In general, however, an adolescent’s new-onset truant behavior,
depression, or declining grades is more commonly associated with sub-
stance abuse. A previously undiagnosed psychiatric history (mania or bipolar
disease), too, must be considered. A history, family history, physical examina-
tion (especially the neurologic and psychological portions), and screening
laboratory will help provide clarity. Information can come from the patient,
his family, or from other interested parties (teachers, coaches, and friends).
Direct questioning of the adolescent alone about substance abuse is appropri-
ate during routine health visits or when signs and symptoms are suggestive of
abuse.
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APPROACHTO

DEFINITIONS

SUBSTANCE ABUSE: Alcohol or other drug use leading to impairment or
distress, causing failure of school or work obligations, physical harm, sub-
stance-related legal problems, or continued use despite social or interpersonal
consequences resulting from the drug’s effects.

SUBSTANCE DEPENDENCE: Alcohol and other drug use, causing loss of
control with continued use (tolerance requiring higher doses or withdrawal
when terminated), compulsion to obtain and use the drug, and continued use
despite persistent or recurrent negative consequences.

CLINICAL APPROACH

Experimentation with alcohol and other drugs is common among adolescents;
some consider this experimentation “normal.” Others argue it is to be avoided
because substance abuse is often a cause of adolescent morbidity and mortality
(homicide, suicide, and unintentional injuries). In all cases, a health-care provider
is responsible for discussing facts about alcohol and drugs in an attempt to reduce
the adolescent’s risk of harm and for identifying those requiring intervention.

Children at risk for drug use include those with significant behavior prob-
lems, learning difficulties, and impaired family functioning. Cigarettes and alco-
hol are the most commonly used drugs; marijuana is the most commonly used
illicit drug. Some adolescents abuse common household products (inhalation of
glue or aerosols); others abuse a sibling’s medications (methylphenidate, which
is often snorted with cocaine).

Pediatricians can ask about alcohol or drug use during the adolescent’s
annual health examination or when an adolescent presents with evidence of
substance abuse. Direct questions can identify drug or alcohol use and their
effect on school performance, family relations, and peer interactions. Should
problems be identified, an interview to determine the degree of drug use
(experimentation, abuse, or dependency) is warranted.

Historical clues to drug abuse include significant behavioral changes at
home, a decline in school or work performance, or involvement with the law.
An increased incidence of intentional or accidental injuries may be alcohol or
drug related. Risk-taking activities (trading sex for drugs, driving while impaired)
can be particularly serious and may suggest serious drug problems. Alcohol or
other drugs users usually have a normal examination, especially if the use was not
recent. Needle marks and nasal mucosal injuries are rarely found.

An adolescent with recent alcohol or drug use can present with a variety of
findings (Table 2—1). A urine drug screen (UDS) can be helpful to evaluate the
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Table 2-1 CLINICAL FEATURES OF SUBSTANCE ABUSE

AGENT

Alcohol

SIGNS AND SYMPTOMS

Euphoria, grogginess,
impaired short-term memory,
talkativeness, vasodilation,
and at high serum levels,
respiratory depression

RETENTION TIME FOR
URINE SCREENING
PURPOSES

7-10 h (blood) or
10-13 h (urine)

Marijuana

Elation and euphoria, impaired
short-term memory, distortion
of time perception, poor
performance of tasks requiring
concentration (such as driving),
and loss of judgment

3-10 d for occasional
users or up to 2 mo
for chronic users

Cocaine

Euphoria, increased motor
activity, decreased fatigability,
dilated pupils, tachycardia,
hypertension and hyperthermia;
sometimes associated with
paranoid ideation; physical
findings might include
changes in nasal mucosa

2-4d

Methamphetamine and
methylenedioxymetham
phetamine (ecstasy)

Euphoria, increased sensual
awareness, increased psychic
and emotional energy, nausea,
teeth grinding, blurred vision,
jaw clenching, anxiety, panic
attacks, and psychosis

2d

Opiates including
heroin, morphine,
and codeine

Euphoria, decreased pain
sensation, pinpoint pupils,
hypothermia, vasodilation, and
possible respiratory depression;
physical findings might include
needle marks over veins

2d

Phencyclidine (PCP)

Euphoria, nystagmus, ataxia, and
emotional lability; hallucinations
affecting body image that can
result in panic reactions,
disorientation, hypersalivation,
and abusive language

8d
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Table 2-1 CLINICAL FEATURES OF SUBSTANCE ABUSE (CONTINUED)

RETENTION TIME FOR
URINE SCREENING
AGENT SIGNS AND SYMPTOMS PURPOSES
Barbiturates Sedation, pinpoint pupils, 1 d for short-acting
hypotension, bradycardia, agents; 2-3 wk for
hypothermia, hyporeflexia, long-acting agents
as well as central nervous
system and respiratory
depression

adolescent who (1) presents with psychiatric symptoms, (2) has signs and
symptoms commonly attributed to drugs or alcohol, (3) is in a serious accident,
or (4) is part of a recovery monitoring program. An attempt to obtain the ado-
lescent’s permission and maintain confidentiality is paramount.

Treatment of life-threatening acute problems related to alcohol or drug use
follows the ABCs of emergency care: manage the Airway, control Breathing,
and assess the Circulation. Treatment then is directed at the offending agent
(if known). After stabilization, a treatment plan is devised. For some, inpa-
tient programs that disrupt drug use allow for continued outpatient therapy.
For others, an intensive outpatient therapy program can be initiated to help
develop a drug-free lifestyle. The expertise necessary to assist an adolescent
through these changes is often beyond a general pediatrician’s expertise.
Assistance with this chronic problem by qualified health professionals in a
developmentally appropriate setting can maximize outcome. Primary care
providers can, however, assist families to find suitable community resources.

Comprehension Questions

2.1 A 14-year-old has ataxia. He is brought to the local emergency depart-
ment, where he appears euphoric, emotionally labile, and a bit disori-
ented. He has nystagmus and hypersalivation. Many notice his abusive
language. Which of the following agents is most likely responsible for
his condition?

. Alcohol

Amphetamines

Barbiturates

Cocaine

Phencyclidine (PCP)

mOOW >
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2.2 Parents bring their 16-year-old daughter for a “well-child” checkup.
She looks normal on examination. As part of your routine care you
plan a urinalysis. The father pulls you aside and asks you to secretly
run a urine drug screen (UDS) on his daughter. Which of the follow-
ing is the most appropriate course of action?

A. Explore the reasons for the request with the parents and the ado-
lescent, and perform a UDS with the adolescent’s permission if the
history warrants.

B. Perform the UDS as requested, but have the family and the girl
return for the results.

C. Perform the UDS in the manner requested.

D. Refer the adolescent to a psychiatrist for further evaluation.

E. Tell the family to bring the adolescent back for a UDS when she
is exhibiting signs or symptoms such as euphoria or ataxia.

2.3 A previously healthy adolescent male has a 3-month history of increas-
ing headaches, blurred vision, and personality changes. Previously he
admitted to marijuana experimentation more than 1 year ago. On
examination he is a healthy, athletic-appearing 17-year-old with
decreased extraocular range of motion and left eye visual acuity. Which
of the following is the best next step in his management!?

A. Acetaminophen and ophthalmology referral

B. Glucose measurement

C. Neuroimaging

D. Trial of methysergide (Sansert) for migraine

E. Urine drug screen

2.4 An 11-year-old girl has dizziness, pupillary dilatation, nausea, fever,
tachycardia, and facial flushing. She says she can “see” sound and
“hear” colors. The agent likely to be responsible is which of the fol-
lowing?

A. Alcohol

B. Amphetamines

C. Ecstasy

D. Lysergic acid diethylamide (LSD)

E. PCP

ANSWERS

2.1 E. PCP is associated with hyperactivity, hallucinations, abusive lan-

guage, and nystagmus.

2.2 A. The adolescent’s permission should be obtained before drug test-

ing. Testing “secretly” in this situation destroys the doctor—patient
relationship.
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2.3 C. Despite previous drug experimentation, his current symptoms and
physical findings make drug use a less likely etiology. Evaluation for
possible brain tumor is warranted.

24 D. LSD is associated with symptoms that begin 30 to 60 minutes
after ingestion, peak 2 to 4 hours later, and resolve by 10 to 12 hours,
including delusional ideation, body distortion, and paranoia. “Bad
trips” result in the user becoming terrified or panicked; treatment
usually is reassurance of the user in a controlled, safe environment.

i ]

Cigarettes and alcohol are the most commonly used drugs in adolescence.
Marijuana is the most common illicit drug used in adolescence.
Substance abuse behaviors include drug dealing, prostitution, burglary,
unprotected sex, automobile accidents, and physical violence.

Children at risk for drug use include those with significant behavior prob-
lems, learning difficulties, and impaired family functioning.

REFERENCES

Heyman RB. Adolescent substance abuse and other high-risk behaviors. In: McMillan
JA, Feigin RD, DeAngelis CD, Jones MD, eds. Oski’s Pediatrics: Principles and
Practice. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2006:579-584.

Jenkins RR, Adger H. Substance abuse. In: Kleigman RM, Behrman RE, Jenson HB,
Stanton BE eds. Nelson Textbook of Pediatrics. 18th ed. Philadelphia, PA: WB
Saunders; 2007:824-834.

Marcell AV, Irwin CE. Substance use and abuse. In: Rudolph CD, Rudolph AM,
Hostetter MK, Lister G, Siegel NJ, eds. Rudolph’s Pediatrics. 21st ed. New York, NY:
McGraw-Hill; 2003:226-231.



This page intentionally left blank



Case 3 L

A 36-year-old woman with little prenatal care delivers a 3900-g girl.
The infant has decreased tone, upslanting palpebral fissures, epicanthal
folds, redundant nuchal skin, fifth finger clinodactyly and brachy-

dactyly, and a single transverse palmar crease.

» What is the most likely diagnosis?

» What is the next step in the evaluation?
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ANSWERS TO CASE 3:

Down Syndrome

Summary: A newborn with dysmorphic features is born to a woman of
advanced maternal age.

> Most likely diagnosis: Down syndrome (trisomy 21).

> Next step in evaluation: Infant chromosomal evaluation to confirm diagnosis,
evaluation for other features of the syndrome, counseling, and family
support.

ANALYSIS

Objectives

1. Know the physical features and problems associated with Down syndrome
(DS) and other common trisomy conditions.

2. Understand the evaluation of a child with dysmorphic features consistent
with DS.

3. Appreciate the counseling and support required by a family with a special-
needs child.

Considerations

This newborn has many DS features; confirmation is made with a chromo-
some evaluation. Upon identification of a child with possible DS, the health-
care provider attempts to identify potentially life-threatening features, including
cardiac or gastrointestinal (GI) anomalies. A thorough evaluation of the family’s
psychosocial environment is warranted; these children can be physically, emo-
tionally, and financially challenging.

Note: This woman of advanced maternal age had limited prenatal care but
was at high risk for pregnancy complications. Adequate care may have
included a serum triple screen between the 15th and 20th weeks of pregnancy,
which could have demonstrated a DS pattern. Further evaluation (amnio-
centesis for chromosomal analysis) then could have been offered.
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APPROACHTO

DEFINITIONS

ADVANCED MATERNAL AGE: The incidence of DS increases each year
beyond age 35 years. At 35 years, the incidence is 1 in 378 liveborn infants,
increasing to 1 in 106 by age 40 and to 1 in 11 by age 49.
BRACHYDACTYLY: Excessive shortening of hand and foot tubular bones
resulting in a boxlike appearance.

CLINODACTYLY: Incurving of one of the digits (in DS the fifth digit curves
toward the fourth digit due to midphalanx dysplasia).

DYSMORPHIC CHILD: A child with problems of generalized growth or body
structure formation. These children can have a syndrome (a constellation of
features from a common cause; ie, DS features caused by extra chromosome
21 material); an association (two or more features of unknown cause occurring
together more commonly than expected; ie, VATER [Vertebral problems,
Anal anomalies, Trachea problems, Esophageal abnormalities, and Radius or
renal anomalies]), or a sequence (a single defect that leads to subsequent
abnormalities; ie, Potter disease’s lack of normal infant kidney function, caus-
ing reduced urine output, oligohydramnios, and constraint deformities; com-
mon facial features include wide-set eyes, flattened palpebral fissures, prominent
epicanthus, flattened nasal bridge, mandibular micrognathia, and large, low-set,
cartilage-deficient ears).

SERUM TRISOMY SCREENING: Measurements of o-fetoprotein (AFP),
human chorionic gonadotropin (hCG), and estriol levels, usually performed
at 15 to 20 weeks’ gestation. These tests screen for a variety of genetic prob-
lems. Approximately 60% of DS babies and 80% to 90% of the babies with
neural tube defects will be identified by this testing.

CLINICAL APPROACH

The first newborn evaluation occurs in the delivery room where attempts are
made to successfully transition the infant from an intrauterine to an
extrauterine environment; it focuses primarily on the ABCs of medicine—
Airway, Breathing, and Circulation. The infant is then evaluated for possible
abnormalities, including those that might fit into a pattern such as DS.

The prenatal history and course provide some important clues in the eval-
uation of a dysmorphic child. The parents’ age (increased chromosomal abnor-
malities with increased maternal and sometimes paternal age), degree of fetal
movement, maternal drug or teratogen exposure, family history of dysmorphia,
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and prenatal testing results, including triple screening and chorioamnionic or
chorionic villous testing, may prove helpful. For instance, an older mother
with a low AFP on her triple screen is at higher risk for having a DS child.

The physical examination is critical to the diagnosis of a dysmorphic child.
For DS, a distinctive pattern can lead to a presumptive diagnosis; more than
90% of such children have features, including upslanting palpebral fissures,
Brushfield spots (white or grey spots in the periphery of the iris), flat facial
profile; small and rounded ears; excess nuchal skin, widespread nipples, pelvic
dysplasia, joint hyperflexibility, fifth finger clinodactyly, a single transverse
palmar (simian) crease, hypotonia, and a poor Moro reflex. Other features
include brachycephaly (disproportionate shortness of the head), epicanthal
folds, brachydactyly, wide spacing between first and second toes, and short
stature.

In newborns with suspected DS, at least two potentially life-threatening
conditions must be addressed. Approximately 50% of DS infants have car-
diac defects—most commonly an endocardial cushion defect (60%), ven-
tricular septal defect (VSD, 32%), and tetralogy of Fallot (6%). A cardiology
consultation and echocardiogram usually are indicated. Approximately 12%
of DS infants have intestinal (usually duodenal) atresia, some presenting
with a history of polyhydramnios. All DS infants have hypotonia and some-
times slower feeding. Should an infant with presumed DS develop persistent
vomiting after feeds (especially if bilious), an upper GI study likely will reveal
the characteristic “double-bubble” pattern of duodenal atresia; surgical
intervention is warranted.

Confirmation of DS requires chromosomal analysis. A complete, extra
chromosome 21 (nondysjunction, ie, failure to segregate during meiosis) occurs
in almost 95% of cases. Two percent of cases are caused by translocations
(breakage and removal of a large DNA segment from one chromosome and
attachment to a different one), and 3% are mosaics (more than one cell type;
usually described as an abnormal cell percentage). Parents of translocation-
caused DS are evaluated for chromosomal aberrations; the recurrence risk can
approach 100% in some cases.

Other newborn conditions associated with DS include hearing loss, strabis-
mus, cataracts, nystagmus, and congenital hypothyroidism. Hearing is evalu-
ated by age 3 months. An ophthalmologist evaluates the eyes by age 6 months,
and thyroid function is assessed as part of the routine newborn screening pro-
gram. Longer-term DS consequences include a higher leukemia risk, acquired
hypothyroidism, atlantoaxial (cervical spine) instability, and premature aging
with an increased risk of Alzheimer disease. All DS children are mentally
retarded, but the intelligence quotients vary widely (mosaics can exhibit near-
normal intelligence).

“Well-child care” takes on special meaning for DS children. In addition to
providing routine care based on the American Academy of Pediatrics (AAP)
guidelines for health supervision that apply to all children, the AAP has
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promulgated DS-specific guidelines (see www.aap.org). Periodic objective thy-

roid, hearing, and vision screenings are focal points of concern. Equally impor-

tant in successful DS management is appropriate psychosocial intervention.

Proper home or environmental, educational, and vocational interventions can
improve the DS child’s functioning level, facilitating his or her transition to
adulthood. Providing family support and assisting with financial and medical

support program applications are within the pediatrician’s realm.

Comprehension Questions

3.1

3.2

33

A small-for-gestational age infant is born to a 35-year-old woman. He
has low-set and malformed ears, microcephaly, rocker-bottom feet,
inguinal hernias, cleft lip or palate, and micrognathia. Chromosomal
analysis is likely to reveal which of the following?

. Down syndrome (trisomy 21)

Edwards syndrome (trisomy 18)

Holt-Oram syndrome

Patau syndrome (trisomy 13)

Turner syndrome

SEvEOR- IS

A 15-day-old infant has respiratory distress. A quick observation sug-
gests she has slight cyanosis, hepatosplenomegaly, and features consis-
tent with DS. The cardiac examination demonstrates a loud first heart
sound, a wide and fixed split second heart sound, a low-pitched, mid-
diastolic murmur at the lower left sternal border, and a harsh apical
holosystolic murmur in the mitral area. An echocardiogram is likely to
demonstrate which of the following?

. Complete atrioventricular (AV) canal (endocardial cushion defect)
Hypoplastic left heart

Total anomalous venous return

Transposition of the great vessels

Tricuspid atresia

mOO® >

A small-for-gestational age, dysmorphic newborn infant has micro-
cephaly and sloping forehead, cutis aplasia (missing portion of the skin
and hair) of the scalp, polydactyly, microphthalmia, and omphalocele.
Which of the following is the most likely diagnosis?

. Down syndrome (trisomy 21)

Edwards syndrome (trisomy 18)

Holt-Oram syndrome

Patau syndrome (trisomy 13)

Turner syndrome

MO0 ® >


www.aap.org

40

CASE FILES: Pediatrics

3.4

The parents of an 8-year-old DS boy arrive for his annual well-child
visit. He wants to participate in sports, including the Special
Olympics. Until further evaluation can be completed, which of the
following sports would you suggest as being safe?

. Diving

Football

Tennis

Tumbling

Wrestling

RN IS

ANSWERS

3.1

3.2

33

34

B. The child has trisomy 18. Other features include clenched hands
with overlapping digits, small palpebral fissures, prominent occiput,
short sternum, and cardiac defects (ventricular septal defect [VSD],
atrial septal defect [ASD], patent ductus arteriosus [PDA], or coarc-
tation of the aorta).

A. Although VSDs are common in DS, the most characteristic
lesion is endocardial cushion defect (or atrioventricular [AV] canal
defect). Slight cyanosis occurs because of the mixing of deoxy-
genated with oxygenated blood. In the AV canal, a range of defects
involving the atrial septum, the ventricular septum, and one or both
of the AV valves can be seen. A complete AV canal includes ASDs
and VSDs with a common AV valve. A partial AV canal includes
defects of the atrial septum and separate mitral and tricuspid valve
orifices.

D. The appearance of cutis aplasia and polydactyly suggests trisomy
13. Other common features include holoprosencephaly (failure of
growth of the forebrain), cleft lip or palate, postaxial polydactyly,
flexed and overlapping fingers, coloboma, and cardiac defects (VSD,
ASD, PDA, dextrocardia).

C. Until lateral cervical flexion—extension films confirm normal
anatomy, contact sports and other activities that may result in force-
ful flexion of the neck should be avoided.
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Down syndrome is the most common autosomal chromosome abnormal-
ity in liveborn infants, increasing in incidence with advanced maternal age.
The most common neonatal Down syndrome features are hypotonia with
poor Moro reflex, flat faces, slanted palpebral fissures, laxity of joints, and
excessive skin on the back of the neck.

Common problems associated with Down syndrome include cardiac
defects and duodenal atresia.

Common features of trisomy 18 (Edwards) syndrome include weak cry, sin-
gle umbilical artery, micrognathia with small mouth and high arched
palate, clenched hand with overlapping of index finger over the third fin-
ger, simian crease, rocker-bottom feet, small pelvis, and short sternum.
Common features of trisomy 13 (Patau) syndrome include microcephaly
and sloping forehead, deafness, scalp cutis aplasia, microphthalmia,
coloboma, cardiac defect (especially ventricular septal defect), omphalo-
cele, single umbilical artery, and hypersensitivity to agents containing
atropine and pilocarpine
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Case 4

An 8-year-old boy presents to your clinic with a 3-day history of a
“white coating” in his mouth. He denies having a sore throat, upper res-
piratory infection symptoms, gastrointestinal (GI) distress, change in
appetite, or fever. His immunizations are current, he has no significant
past medical history, and he has been developing normally per his
mother. His weight, however, has fallen from the 25th percentile to the
5th percentile, and he has been hospitalized on three occasions in the
last year with pneumonia or dehydration. His family history is remark-
able only for maternal hepatitis C infection related to past intravenous
(IV) drug use. The patient is afebrile today, but his examination is notable
for severe gingivitis, bilateral cervical and axillary lymphadenopathy, exu-

dates on his buccal mucosa, and hepatomegaly.

» What is the most likely diagnosis?

» What is the next step in evaluation?
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ANSWERS TO CASE 4:

Immunodeficiency

Summary: A child with lymphadenopathy, organomegaly, weight loss, recur-
ring infection, and oral lesions consistent with candidiasis.

> Most likely diagnosis: Immunodeficiency.

> Next step in evaluation: Gather additional history, including birth history,
details of hospitalizations, dietary history, and patient and family histories of
recurring or atypical infection. Consider testing for human immunodefi-
ciency virus (HIV) and obtaining a complete blood count (CBC) and com-
prehensive metabolic panel to assess cell counts, organ function, and
nutritional status.

ANALYSIS

Objectives

1. Differentiate between primary and secondary immunodeficiency.
2. Understand selected etiologies of pediatric immunodeficiency.
3. Identify and manage pediatric HIV disease.

Considerations

Recurring infections in this patient presenting with oral lesions, weight loss,
and lymphadenopathy is concerning for immune system dysfunction. He may
have a primary immunodeficiency due to an inheritable defect or an acquired
(secondary) immunodeficiency related to HIV infection, malignancy, malnu-
trition, or other disorder. The maternal history of IV drug use makes pediatric
HIV infection a strong likelihood, probably due to vertical transmission.
Additional patient and family histories and selected initial laboratory tests
will aid in diagnosis and help guide management.
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APPROACH TO

DEFINITIONS

HIV ANTIBODY ELISA: Enzyme-linked immunosorbent assay (ELISA) screen-
ing for HIV-1 immunoglobulin G (IgG); initially detectable 2 weeks to 6 months
after exposure; sensitivity and specificity greater than 99%; false-positive rate less
than 5 in 100,000 assays; false-negative results may occur after immunization or

in hepatic disease, autoimmune disease, or advanced acquired immunodeficiency
syndrome (AIDS).

WESTERN BLOT: Direct visualization of antibodies to virion proteins; used
to confirm screening antibody assay; results can be indeterminate and require
repeat testing.

CD4 (T HELPER) CELL: Essential for humoral (B-cell) and cellular (T-cell)
immunity; binds to antigens presented by B cells, prompting antibody pro-
duction, and to antigens presented by phagocytes, prompting lymphokine
release; rendered dysfunctional in HIV infection.

CLINICAL APPROACH

Evaluation of patients with recurring or atypical infection starts with a com-
prehensive history and systems review. Clinicians should inquire about perina-
tal history, growth and development, and past illnesses. Immunosuppression is
suggested by failure to thrive (FTT) or atypical or difficult-to-eradicate infec-
tions (recurring otitis refractory to multiple antimicrobials). Family history
includes parental health concerns (unexplained weight loss, growth failure, or
developmental delay in siblings) and recurring or atypical infection in immedi-
ate family members. A focused physical examination should then be performed
to identify signs consistent with immunosuppression (wasting, generalized lym-
phadenopathy, and organomegaly).

Primary (syndromic) immunodeficiency is due to a genetic defect, either
inherited or related to gene mutation; most are humoral in origin or charac-
terized by both humoral and cellular dysfunction (severe combined immun-
odeficiency). Other primary immunodeficiencies include phagocytic cell
deficiency (chronic granulomatous disease due to defective macrophages) and
complement deficiency (autoimmune disease or serious bacterial infection due
to C2 deficiency). Patients with secondary immunodeficiency have normal
immune function at birth, but subsequently develop an illness or metabolic
abnormality that disrupts immune cell production or function. Conditions
adversely affecting a patient’s immune status include HIV infection, diabetes
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mellitus, malnutrition, hepatic disease, autoimmune disease (scleroderma),
aging, and stress.

HIV is a global epidemic, with approximately 33 million people presum-
ably infected worldwide. Unprotected sexual intercourse and needle sharing
with IV drug use are known means of transmission. Prior to the mid-1980s,
blood transfusion was also a risk factor. In the pediatric population, HIV is
typically acquired through vertical transmission. Approximately 80% of
pediatric cases involve intrapartum transfer, but HIV can also be acquired
from infected secretions at delivery and from breast milk. It is important to
know the HIV status of the pregnant female, so that antiretroviral therapy
can be administered during pregnancy to decrease viral replication and dimin-
ish the potential for transfer to the neonate. An infected mother has a 25%
chance of transmitting the virus to her newborn if antiretroviral therapy is
not received during pregnancy. Zidovudine, when started by the mother dur-
ing the second trimester and given to the baby through age 6 weeks, reduces
the risk of HIV transmission to less than 10%.

HIV infection gives rise to dysfunctional CD4 cells resulting in overall
immune system compromise and eventual opportunistic infection. Approximately
75% of pediatric patients who acquire HIV vertically follow a course similar to
adults, with an extended period of disease inactivity; a patient will often remain
asymptomatic for a decade or more until the CD4 count falls to a critical level. The
remaining 25% of pediatric HIV patients progress rapidly during the first several
months of life. Therefore, early determination of maternal HIV status and meas-
ures to decrease transmission is critical (avoiding breast-feeding, aggressive and
appropriate neonatal HIV testing, early antiretroviral therapy).

Verification of HIV infection is made in the patient older than 18 months
by performing an HIV antibody ELISA and subsequent Western blot for con-
firmation. Because of placental transfer of maternal antibodies, diagnosis in
younger patients is made by HIV DNA PCR testing. Two assays are per-
formed on separate occasions to confirm the diagnosis. Subsequently, HIV
RNA activity, CD4 cell count, and clinical findings are used to determine dis-
ease status. Centers for Disease Control and Prevention (CDC) classification
of HIV status is based on the presence and severity of signs or symptoms and
degree of immunosuppression. For example, a patient with Pneumocystis jiroveci
(carinii) pneumonia (PCP), an AIDS-defining opportunistic infection, is clas-
sified with “severe” disease (category C). Degree of immunosuppression is
based on an age-adjusted CD4 count. For the patient in this case, a normal
CD4 count would be more than or equal to 500 or 25%. Severe suppression is
denoted by a CD4 count less than 200 or 15%.

Neonates born to HIV-positive women are tested at birth and at selected
intervals through approximately 6 months of age. Traditionally, the exposed
neonate receives 6 weeks of antiretroviral therapy in the form of zidovudine
starting in the first few hours of life. PCP prophylaxis in the form of
trimethoprim—sulfamethoxazole commences at approximately 6 weeks of
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age for HIV-positive infants. CD4 levels are followed in quarterly intervals in
the patient who becomes HIV-positive. HIV RNA activity is followed and
typically correlates with disease progression; RNA activity of more than
100,000 copies/mL has been associated with advanced progression and early
death.

Treatment for HIV-positive patients is started early to diminish viral repli-
cation before mutation and antiretroviral resistance occur. The three major
classes of antiretrovirals are nucleoside reverse transcriptase inhibitors
(didanosine, stavudine, zidovudine), nonnucleoside reverse transcriptase
inhibitors (efavirenz, nevirapine), and protease inhibitors (indinavir, nelfi-
navir). Combination retroviral therapy in children has led to a marked
decline in child mortality. Common adverse effects for all include headache,
emesis, abdominal pain, and diarrhea. Osteopenia and drug rash can also be
seen. Possible other abnormalities include anemia, neutropenia, elevated
transaminases, hyperglycemia, and hyperlipidemia.

The current pediatric antiretroviral therapy recommendation consists of
three drugs: two nucleoside reverse transcriptase inhibitors and one protease
inhibitor. An existing treatment regimen is altered when toxicity becomes an
issue or disease progression occurs. Ultimately, HIV treatment requires a mul-
tidisciplinary approach with input from nutritionists, social workers, and pedi-
atric HIV and mental health specialists. In addition to periodic monitoring of
viral activity and prophylaxis against opportunistic infection, close monitor-
ing of growth, development, and emotional health is important in pediatric
HIV disease management. Immunizations should be kept current, with all
vaccines administered per the recommended pediatric schedule, often exclud-
ing live vaccines such as measles-mumps-rubella (MMR) and varicella.

Comprehension Questions

4.1 A 15-year-old adolescent female has a 1-month history of urinary fre-
quency without dysuria and recent onset of an itchy rash beneath both
breasts. She has been gaining weight over the past year and regularly
complains of fatigue. She is afebrile with a weight greater than the
99th percentile and has an erythematous, macular rash beneath both
breasts characterized by satellite lesions. Urinalysis is significant for 2+
glucosuria, but no pyuria. Which of the following is the most likely
diagnosis?

A. Diabetes mellitus

B. Fanconi syndrome

C. Human immunodeficiency virus

D. Occult malignancy

E. Severe combined immunodeficiency (SCID)
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4.2

4.3

4.4

A mother notes her 6-week-old son’s umbilical cord is still attached.
His activity and intake are normal; there has been no illness or fever.
Delivery was at term without problems. His examination is notable for
a cord without evidence of separation and a shallow, 0.5-cm ulceration
at the occiput without discharge or surrounding erythema. Mother
declares that the “sore,” caused by a scalp probe, has been slowly heal-
ing since birth and was deemed unremarkable at his 2-week checkup.
Which of the following is consistent with this child’s likely diagnosis?
. Defective humoral response

Functional leukocyte adherence glycoproteins

Marked neutrophilia

Normal wound healing

Purulent abscess formation

SEvER-IES

A 6-month-old gitl is seen after an emergency room visit for decreased
intake, emesis, and watery diarrhea for the past 3 days. She was diag-
nosed yesterday with “stomach flu” and given 1V fluids. She is doing
better today with improved intake and resolution of her emesis and
diarrhea. The father is concerned about her thrush since birth (despite
multiple courses of an oral antifungal) and that she has been hospital-
ized twice for pneumonia over the past 4 months. Her weight has
dropped from the 50th percentile on her 4-month visit to the 5th per-
centile today. She has no findings consistent with dehydration, but
she does appear to have some extremity muscle wasting. Her exami-
nation is remarkable for buccal mucosal exudates and hyperactive
bowel sounds. Vital signs and the remainder of her examination are
normal. You suspect severe combined immunodeficiency (SCID).
Which of the following is consistent with the diagnosis?

A. Autosomal dominant inheritance

B. Persistent lymphocytosis

C. Defective cellular immunity

D. Normal vaccine immune response

E. No curative therapy

You are called urgently to examine a term, 2-hour-old newborn who
has had temperature instability, difficulty with feeding, and a sus-
pected seizure. He has atypical facies (wide-set eyes, a prominent nose,
and a small mandible), a cleft palate, and a holosystolic murmur. Stat
laboratory tests and chest radiograph reveal marked hypocalcemia, a
boot-shaped heart, and no apparent thymus. Which of the following
is the most likely diagnosis?

. Ataxia—telangiectasia

DiGeorge syndrome

Hyper-IgE syndrome

SCID

Wiskott-Aldrich syndrome

OO ® >
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ANSWERS

4.1

4.2

4.3

4.4

A. The obese adolescent in this case has findings of diabetes melli-
tus. Her cutaneous candidiasis is likely an indication of secondary
immunosuppression related to hyperglycemia. In diabetes, hyper-
glycemia promotes neutrophil dysfunction, and circulatory insuffi-
ciency contributes to ineffective neutrophil chemotaxis during
infection. HIV infection is possible and antibody testing might be
reasonable, but this scenario is most consistent with hyperglycemia.

C. You suspect leukocyte adhesion deficiency (LAD) as the etiology
of this child’s problem. LAD is an inheritable disorder of leukocyte
chemotaxis and adherence characterized by recurring sinopulmonary,
oropharyngeal, and cutaneous infections with delayed wound healing.
Neutrophilia is common with WBC counts of typically more than
50,000 cells/mm?>. Severe, life-threatening infection is possible with
Staphylococcus species, Enterobacteriaceae, and Candida species. Good
skin and oral hygiene are important; broad-spectrum antimicrobials
and surgical debridement are early considerations with infection.

C. SCID is an autosomal recessive or X-linked disorder of both
humoral and cellular immunity. Serum immunoglobulins and T cells
are often markedly diminished or absent. Thymic dysgenesis is also
seen. Recurring cutaneous, gastrointestinal, or pulmonary infections
occur with opportunistic organisms such as cytomegalovirus (CMV)
and PCP. Death typically occurs in the first 12 to 24 months of life
unless bone marrow transplantation is performed.

B. DiGeorge syndrome is caused by a 22q11 microdeletion. This syn-
dromic immunodeficiency is characterized by decreased T-cell pro-
duction and recurring infection. Findings include characteristic
facies and velocardiofacial defects such as ventricular septal defect
and tetralogy of Fallot. Thymic or parathyroid dysgenesis can occur,
accompanied by hypocalcemia and seizures. Developmental and
speech delay are common in older patients.
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Primary immunodeficiency is an inheritable disorder characterized by
weakened immunity and recurring, serious infection early in life.

A variety of illnesses can provoke secondary immunodeficiency; malig-
nancy, malnutrition, hepatic disease, and human immunodeficiency virus
(HIV) infection are known to adversely influence both humoral and cellu-
lar immunity.

Pediatric HIV disease can be deterred by appropriate testing and treat-
ment of pregnant females and judicious antiretroviral prophylaxis in the
exposed neonate. Exposed patients should be closely followed by clini-
cians and a team approach used in the management of active disease.
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Case 5

A somewhat tall-for-his-age 13-year-old adolescent male arrives for rou-
tine care. His mother reports that he seems to be much more immature
and insecure than her older son was at the same age. His school per-
formance is below average, and this year he has begun to receive special
education for language-based classes. On physical examination you note
that his extremities are longer than expected and that he is embarrassed

by his gynecomastia. He is Tanner stage 1 with small gonads.

> What is the most likely diagnosis?

> What is the best test to diagnose this condition?
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ANSWERS TO CASE 5:

Klinefelter Syndrome

Summary: An immature and insecure 13-year-old adolescent male with hypog-
onadism, long limbs, gynecomastia, and developmental delay.

> Most likely diagnosis: Klinefelter syndrome, a trisomy syndrome often due to
paternal rather than maternal nondisjunction, affecting 1 in 600 to 800 male
infants.

> Best diagnostic test: Chromosomal analysis.

ANALYSIS

Objectives

1. Understand the signs and symptoms of Klinefelter syndrome.

2. Appreciate the variety of causes of childhood mental retardation (MR).

3. Learn the signs and symptoms of syndromes involving missing or duplicate
sex chromosomes.

Considerations

This child’s mother has identified this adolescent’s development and behav-
ior to be different from her other children. The school recently has identified
his need for special education, especially in the language-based classes.
A thorough history (including all school performance and behavioral prob-
lems) and physical examination can provide diagnostic clues. The etiology of
his condition impacts his psychosocial outcome, his future medical therapy,
and his parent’s family planning decisions.

APPROACH TO

Klinefelter Syndrome

DEFINITIONS

KLINEFELTER SYNDROME: A specific syndrome associated with behavioral
problems (immaturity, insecurity), developmental delay (speech, language,
lower 1QQ), and physical findings (gynecomastia, hypogonadism, long limbs)
caused by an extra X chromosome in boys and men.
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MENTAL RETARDATION (MR): A clinically and socially important impair-
ment of measured intelligence and adaptive behavior that is diagnosed before
18 years of age.

CLINICAL APPROACH

Causes of MR include preconceptual and early embryonic disruptions (ter-
atogens, chromosomal abnormalities, placental dysfunction, congenital cen-
tral nervous system [CNS] malformations); fetal brain insults (infections,
toxins, placental problems); perinatal difficulties (prematurity, metabolic dis-
orders, infections); postnatal brain injuries (infections, trauma, metabolic dis-
orders, toxins, poor nutrition); and miscellaneous postnatal family difficulties
(poverty, poor caregiver—child interaction, parental mental illness). A cate-
gory of “unknown etiology” includes children with MR who do not fit into
the above categories.

The history of a child with possible MR includes an evaluation of the child’s
psychosocial skills and a review of school reports. The ultimate diagnosis may
require formal testing to determine if the 1Q falls below some set point, such
as 80. A determination of whether formal testing should be performed is based
on physical examination findings, developmental and school histories, and
concerns of the family and teachers. Males with Klinefelter syndrome often
have developmental delay, especially in verbal cognitive areas where they
underachieve in reading, spelling, and mathematics; their full IQ may be nor-
mal, but their verbal IQ usually is somewhat decreased. In variants with mul-
tiple X chromosomes, the incidence and severity of MR increases. Boys with
Klinefelter syndrome often go unidentified until puberty because of the sub-
tleness of the clinical findings. The diagnosis should be considered for all
boys (regardless of age) who have been identified as having mental retarda-
tion, or psychosocial, school, or adjustment problems.

Physical findings to be considered in patients with nonspecific MR include
the size of the occiput, unusual hair color or distribution, distinctive eyes,
malformed ears or nose, and abnormalities in jaw size, mouth shape, or palate
height. The hands and feet may have short metacarpals or metatarsals, over-
lapping or supernumerary digits, and abnormal creases or nails. The skin may
have café au lait spots or depigmented nevi, and the genitalia may be abnor-
mally sized or ambiguous. Patients with MR caused by Klinefelter syndrome
typically are tall, slim, and thin with long extremities. Their testes and some-
times the phallus are small for age, but these latter findings may not become
apparent until puberty. As adults, males with Klinefelter syndrome develop
gynecomastia, sparse facial hair, and azoospermia. The incidence of breast
cancer (as well as some hematologic cancers as well) is elevated in Klinefelter
syndrome.

Laboratory testing of a child with MR is based on the clinical findings and
developmental milestones. A chromosomal analysis is often included in the
evaluation of a child with mental retardation; for Klinefelter syndrome such
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an analysis will demonstrate the extra X chromosome material. Other MR
testing may include urine and serum amino and organic acids, serum levels of
various compounds including ammonia, lead, zinc, and copper, and serum
titers for congenital infections. Radiologic evaluation may include cranial
computed tomography (CT), magnetic resonance imaging (MRI), or elec-
troencephalogram (EEG).

Management of children with MR includes specialized educational serv-
ices, early childhood interventions, social services, vocational training, and
psychiatric interventions. Further interventions for children with specific
underlying etiologies may include diet modification, genetic counseling, or
reviewing the natural disease course with the family.

Comprehension Questions

Match the following genetic disorders (A-E) to the clinical description
[questions 5.1-5.3]:

. Fragile X syndrome

Klinefelter syndrome (XXY)

Turner syndrome (XO)

XXX syndrome

XYY male

SEvEOR- IS

5.1  An institutionalized male juvenile delinquent upon close examination
has severe nodulocystic acne, mild pectus excavatum, large teeth,
prominent glabella, and relatively long face and fingers. His family
says he has poor fine motor skills (such as penmanship), an explosive
temper, and a low—normal IQ.

5.2 A tall, thin 14-year-old adolescent male has no signs of puberty. He
was delayed in his speech development and always has done less well
in school than his siblings. He is shy, and teachers report his activity
is immature. Physical examination reveals breast development, and
long limbs with a decreased upper segment—lower segment ratio. He
has small testes and phallus.

5.3 A 15-year-old adolescent female with primary amenorrhea is noted to
be well below the fifth percentile for height. She has hypertension, a
low posterior hairline, prominent and low-set ears, and excessive
nuchal skin.
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5.4

A 7-year-old boy with MR was born at home at 26 weeks’ gestation to
a 28-year-old mother who had received no prenatal care. An evalua-
tion is likely to suggest his MR is related to which of the following?

. Brain tumor

Chromosomal aberration

Complications of prematurity

Congenital infection with cytomegalovirus

Elevated serum lead levels

SEvER-IES

ANSWERS

5.1

5.2

5.3

5.4

E. XYY-affected males often have explosive tempers. Other findings
include long and asymmetrical ears, increased length versus breadth
for the hands, feet, and cranium, and mild pectus excavatum. By age
5 to 6 years, they tend to be taller than their peers and begin dis-
playing aggressive or defiant behavior.

B. With Klinefelter syndrome, testosterone replacement allows for
more normal adolescent male development, although azoospermia is
the rule; the breast cancer incidence approaches that of women.

C. Turner syndrome also includes widely spaced nipples and broad
chest; cubitus valgus (increased carrying angle of arms); edema of the
hands and feet in the newborn period; congenital heart disease
(coarctation of the aorta or bicuspid aortic valve); horseshoe kidney;
short fourth metacarpal and metatarsal; hypothyroidism; and
decreased hearing. Mental development usually is normal.

C. Prematurity, especially when earlier than 28 weeks’ gestation, is
associated with complications (such as intraventricular hemorrhage)
that can result in developmental delay and low IQ.
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Males with Klinefelter syndrome (XXY) have mild mental delay, eunuchoid
habitus, gynecomastia, long arms and legs, and hypogonadism.

XYY males have explosive (often antisocial) behavior, weakness with poor
fine motor control, accelerated growth in mid-childhood, large teeth,
prominent glabella and asymmetrical ears, and severe acne at puberty.
Girls with Turner syndrome (45, XO) have short stature,amenorrhea, exces-
sive nuchal skin, low posterior hairline, broad chests with widely spaced
nipples, cubitus valgus, and coarctation of the aorta. Hypertension is com-
mon, possibly due to renal abnormalities (horseshoe kidney).

Fragile X syndrome, the most common form of inherited mental retarda-
tion, is seen primarily in boys and can be diagnosed in patients with men-
tal retardation (particularly boys) who have macrocephaly, long face, high
arched palate, large ears, and macroorchidism after puberty.
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Case 6 L

A 6-month-old child arrives for a well-child examination. His family
recently moved to the United States from Turkey. His medical and family
histories are unremarkable except that his sole source of nutrition is

goat’s milk. He appears to be healthy on examination.

» What hematologic problem is most likely to develop?

» What nonhematologic concerns are considered in an infant fed
goat’s milk?
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ANSWERS TO CASE 6:

Megaloblastic Anemia

Summary: This is a 6-month-old child exclusively fed goat’s milk.
> Likely complication: Megaloblastic anemia from folate or B, deficiency.

» Other concerns: Brucellosis if milk is unpasteurized.

ANALYSIS

Objectives

1. Appreciate the benefits of breast-feeding.

2. Know the nutritional supplements recommended for breast-feeding mothers.

3. Understand the special needs of infants and toddlers fed goat’s milk or
vegan diets.

4. Appreciate the clinical syndromes resulting from vitamin excesses and
deficiencies.

Considerations

A variety of feeding regimens exist for infants and toddlers—breast-feeding,
goat’s milk, other types of nonformula milk, and commercial or handmade
foods. Health care providers can educate parents about the benefits and
potential dangers of various diet choices.

APPROACH TO

DEFINITIONS

LACTOVEGETARIAN: Diet devoid of animal products but includes milk.
OMNIVORE: Diet includes both animal and vegetable products.
OVOVEGETARIAN: Diet devoid of animal products but includes eggs.
VEGAN: Vegetarian diet devoid of all animal products.
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CLINICAL APPROACH

Infant formulas containing goat’s milk are not routinely available in the United
States, but they are available elsewhere. Goat’s milk has lower sodium levels but
more potassium, chloride, linoleic acid, and arachidonic acid than does cow’s
milk. It is low in vitamin D, iron, folate, and vitamin B ,; infants receiving
goat’s milk as a primary nutrition source are given folate and vitamin B,
(to prevent megaloblastic anemia) and iron (to prevent iron deficiency ane-
mia). Goat’s milk is boiled before ingestion; goats are particularly susceptible
to brucellosis.

Breast milk is considered the ideal human infant food because it contains
complete nutrition (with the possible exception of vitamin D and fluoride),
has antimicrobial properties, and offers psychological advantages to mothers
and infants. In developing countries, it is associated with lower infant mor-
bidity and mortality, not only due to a reduction in diarrhea associated with
contaminated water used in formula preparation but also because it contains
high concentrations of immunoglobulin A (IgA),which reduces viruses and
bacteria intestinal wall adherence, and macrophages, which inhibit
Escherichia coli growth. Disadvantages include potential HIV (and other
virus) transmission, jaundice exacerbation due to increased unconjugated
bilirubinemia levels (resolved with a 12- to 24-hour breast-feeding interrup-
tion) and its association with low vitamin K levels, contributing to hemor-
rhagic disease of the newborn (prevented by vitamin K administration at
birth).

Formula feeding is substituted for breast-feeding for a variety of reasons.
Commercial formula manufacturers strive to provide products similar to
human milk. Infant growth rates with cow’s milk formula are similar to those
in infants receiving breast milk. Improved sterilization procedures and refrig-
eration in developing countries have reduced to some degree the gastroin-
testinal (GI) infections noted with formula feedings.

Formulas are available for special-needs infants. Infants with phenylke-
tonuria require formulas low in phenylalanine, and those unable to digest pro-
tein require nitrogen in the form of amino acid mixtures. Cow’s milk allergies
sometimes respond to soybean-based formulas.

Vegan diets supply all necessary nutrients if a variety of vegetables is
selected. Some evidence suggests that high-fiber vegetarian diets lead to faster
gastrointestinal transit time, resulting in reduced serum cholesterol levels, less
diverticulitis, and a lower appendicitis incidence. Breast-feeding vegan moth-
ers are given vitamin B, to prevent the infant’s developing methylmalonic
acidemia (an amino acid metabolism disorder involving a defect in the con-
version of methylmalonyl-coenzyme A to succinyl-CoA); patients can pres-
ent with failure to thrive, seizure, encephalopathy, stroke, or other neurologic
manifestations. Toddlers on a vegan diet are given vitamin B,, and, because
of the high fiber content and rapid gastrointestinal transit time, are given
trace minerals that can be depleted.



Table 6-1 EFFECTS OF VITAMIN AND MINERAL DEFICIENCY OR EXCESS

DEFICIENCY EXCESS

Vitamin A Night blindness, xerophthalmia, Increased intracranial pressure
keratomalacia, conjunctivitis, (ICP), anorexia, carotenemia,
poor growth, impaired hyperostosis (pain and swelling
resistance to infection, abnormal of long bones), alopecia,
tooth enamel development. hepatomegaly, poor growth.

Vitamin D Rickets (with elevated serum Hypercalcemia, azotemia, poor
phosphatase levels appearing growth, nausea and vomiting,
before bone deformities), diarrhea, calcinosis of a variety
osteomalacia, infantile tetany. of tissues including kidney,

heart, bronchi, stomach.
Vitamin E Hemolytic anemia in premature Unknown.

infants.

Ascorbic acid

Scurvy and poor wound healing.

May predispose to kidney stones.

(vitamin C)
Thiamine Beriberi (neuritis, edema, cardiac Unknown.
(vitamin B,) failure), hoarseness, anorexia,
restlessness, aphonia.
Riboflavin Photophobia, cheilosis, glossitis, Unknown.
(vitamin B,) corneal vascularization, poor
growth.
Niacin Pellagra (dementia, dermatitis, Nicotinic acid causes flushing,
diarrhea). pruritus.
Pyridoxine In infants, irritability, convulsions, | Sensory neuropathy.
(vitamin B) anemia; in older patients (on
isoniazid), dermatitis, glossitis
cheilosis, peripheral neuritis.
Folate Megaloblastic anemia, glossitis Usually none.
pharyngeal ulcers, impaired
cellular immunity.
Cobalamin Pernicious anemia, neurologic Unknown.
(vitamin B,,) deterioration, methylmalonic
acidemia.
Pantothenic Rarely depression, hypotension, Unknown.
acid muscle weakness, abdominal pain.
Biotin Dermatitis, seborrhea, anorexia, Unknown.
muscle pain, pallor, alopecia.
Vitamin K Hemorrhagic manifestations. Water-soluble forms can cause

hyperbilirubinemia.
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Vitamin deficiencies and excesses can result in a variety of clinical syn-
dromes. Although rare, these syndromes usually can be averted with appro-
priate nutrition (Table 6-1).

Comprehension Questions

6.1

6.2

6.3

A 2-day-old infant has significant nasal and rectal bleeding. He was
delivered by a midwife at home; the pregnancy was without complica-
tions. His Apgar scores were 9 at 1 minute and 9 at 5 minutes. He has
breast-fed well and has not required a health-care professional visit since
birth. Which of the following vitamin deficiencies might explain his
condition?

A. Vitamin A

B. Vitamin B,

C. Vitamin C

D. Vitamin D

E. Vitamin K

A 6-month-old infant has been growing poorly. His parents have
changed his formula three times without success. His examination is
remarkable for a pale, emaciated child with little subcutaneous fat and
anterior fontanelle fullness. His laboratory test results are notable for
a hemolytic anemia and prolonged bleeding times. Which of the fol-
lowing is the most appropriate next step?

. Gather urine for pH and electrolytes.

Measure serum factor IX levels.

Measure serum immunoglobulins.

Obtain a sweat chloride concentration.

Perform a hemoglobin electrophoresis.

mOO® >

An exclusively breast-fed infant with poor routine care is switched at
6 months of age to whole milk and table foods. Screening laboratories
at 9 months of age demonstrate the hemoglobin and hematocrit to be
8 mg/dL and 25%, respectively, and the lead level to be less than 2 pg/dL.
A follow-up complete blood count (CBC) 2 weeks later shows the
hemoglobin to be at 7.8 mg/dL, the hematocrit 25%, the mean corpus-
cular volume (MCV) 62%, and the platelet count to be 750,000/mm?’.
Which of the following would be the next step in the management of
this child?

. Order a hemoglobin electrophoresis.

Obtain a bone marrow aspiration.

Initiate iron supplementation.

Refer to a pediatric hematologist.

Initiate soybean-based formula.

MO0 ® >
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6.4

A 3-week-old is admitted for failure to thrive, diarrhea, and a sepsis-

like picture. He does well on intravenous fluids; when begun on rou-

tine infant formula with iron, his symptoms return. It is Saturday and

the state health department laboratory is closed. You should begin

feeds with which of the following?

A. Amino acid-based formula (Nutramigen or Pregestimil)

B. Low-phenylalanine formula (Lofenalac or Phenex-1)

C. Low-iron, routine infant formula (Similac with low iron or Enfamil
with low iron)

D. Low-isoleucine, low-leucine, low-valine infant formula (Ketonex-1
or MSUD 1)

E. Soy-based formula (ProSobee or Isomil)

ANSWERS

6.1

6.2

6.3

6.4

E. Newborn infants have a relative vitamin K deficiency, especially
if they are breast-fed; most infants are given vitamin K at birth to
prevent deficiency-related bleeding complications.

D. The patient appears to have failure to thrive, with deficiencies of
vitamin K (bleeding problems), vitamin A (fontanelle fullness), and
vitamin E (hemolytic anemia). Cystic fibrosis (associated with vita-
min malabsorption) would explain the condition.

C. The child in the question likely did not get iron (or vitamin D)
supplementation in the first 6 months of life while exclusively breast-
feeding and was switched to whole milk (low in iron) and to table
foods (not supplemented with iron as are baby foods) at too young an
age. All of the laboratory data are consistent with iron deficiency ane-
mia; iron supplementation in this child with a resultant brisk erythro-
cyte response is both diagnostic and therapeutic. Failure of the child
to respond to the iron therapy would require further evaluation.

E. This patient appears to have galactosemia; uridyl transferase defi-
ciency is the cause and the condition results in features of jaundice,
hepatosplenomegaly, vomiting, hypoglycemia, seizures, lethargy, irri-
tability, poor feeding and failure to thrive, aminoaciduria, liver failure,
mental retardation, and an increased risk of E coli sepsis. Children with
galactosemia are managed with a lactose-free formula. The low-
phenylalanine formulas are for infants with phenylketonuria; low-iron
formulas serve no purpose other than causing iron deficiency anemia;
the low-isoleucine, low-leucine, low-valine infant formulas are useful
for patients with maple syrup urine disease (MSUD); and the amino
acid-based formulas are excellent for children with malabsorption
syndromes.
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Breast-feeding is associated with lower morbidity and mortality (especially
in developing countries) mostly because of a reduction in enteric
pathogens and diarrhea associated with contaminated water used in for-
mula preparation.

Breast-feeding provides all of the nutrients necessary for infant growth
with the possible exceptions of vitamin D and fluoride, which usually are
supplemented.

A breast-feeding vegan should supplement her infant’s diet with vitamin B, ,
to prevent methylmalonic acidemia and supplement her toddler’s diet
with vitamin B, and trace minerals.
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Case /

An 8-month-old child has a 24-hour history of increased crying when
she moves her right leg. She has a prominent bulge over the mid-right
thigh where she had received an immunization yesterday. She has not
had fever nor change in appetite, and she seems upset only when the leg
is disturbed. The child underwent a failed Kasai procedure for biliary
atresia and is awaiting a liver transplant. A radiograph of the leg demon-

strates a mid-shaft fracture and poor mineralization.

» What is the mechanism for this condition?

> What are the best diagnostic tests to diagnose this condition?
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ANSWERS TO CASE 7:

Summary: An 8-month-old child with a chronic medical condition, including
biliary atresia, poor bone mineralization, and a fracture.

» Mechanism: Malabsorption of vitamin D (among other fat-soluble vitamins)
due to lack of intestinal secretion of bile salts, resulting in rickets.

> Best diagnostic tests: Serum 25(OH)D, calcium, phosphorus, and alkaline
phosphatase levels. Radiographs demonstrate poor bone mineralization.

ANALYSIS

Objectives

1. Become familiar with the clinical presentation of rickets.

2. Understand the pathophysiology behind nutritional and nonnutritional
rickets.

3. Appreciate some of the other metabolic causes of childhood fractures.

Considerations

This child has biliary atresia and underwent a failed Kasai procedure.
Metabolic aberrations are expected while this child awaits liver transplanta-
tion. A review of her medications and compliance in receiving them is war-
ranted. Because of the brittle nature of her bones, her leg was fractured while
receiving immunizations.

APPROACH TO

The Child with Possible Rickets

DEFINITIONS

BILIARY ATRESIA: A congenital condition affecting approximately 1 in
16,000 live births in which the liver’s bile ducts become blocked and fibrotic,

resulting in reduced bile flow into the bowel.
GENU VALGUM: “Knock” knees.
GENU VARUM: “Bowed” legs.
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KASAI PROCEDURE: An operative procedure in which a bowel loop forms
a duct to allow bile to drain from a liver with biliary atresia.

RICKETS: Poor mineralization of growing bone or of osteoid tissue.

CLINICAL APPROACH

A patient with liver failure has poor bile salt secretion, resulting in poor fat-
soluble vitamin absorption, including vitamin D. The poor vitamin D
absorption causes low serum 25(OH)D, occasionally reduced serum calcium
levels, markedly elevated serum alkaline phosphatase, poor bone mineral-
ization, and an increased risk of fractures. Children with liver failure and
ascites are treated with loop diuretics, which often cause urinary calcium
losses. Treatment, aimed at restoring normal bone mineralization, consists of
high vitamin D doses and calcium supplementation.

Nutritional rickets, resulting from inadequate dietary vitamin D or a lack
of sunlight exposure (Figure 7-1), is rare in industrialized countries in healthy
children. It is occasionally seen in dark-skinned infants who do not receive
vitamin D supplementation or in breast-fed infants not exposed to sunlight.
More common causes of rickets are liver or renal failure and a variety of bio-
chemical abnormalities in calcium or phosphorus metabolism (Table 7-1).

The most common form of nonnutritional rickets is familial, primary
hypophosphatemia (X-linked dominant) in which phosphate reabsorption is
defective, and conversion of 25(OH)D to 1,25(OH),D in the proximal
tubules of the kidneys is abnormal. Low serum 1,25(OH),D, low—normal
serum calcium, moderately low serum phosphate, and elevated serum alkaline
phosphatase levels, hyperphosphaturia, and no evidence of hyperparathy-
roidism results. Children at the age of walking present with smooth lower-
extremity bowing (as compared to angular bowing of calcium-deficient
rickets), a waddling gait, genu varum, genu valgum, coxa vara, and short
stature. Other findings of calcium-deficient rickets (myopathy, rachitic rosary,
pectus deformities, tetany) usually are not seen. Familial hypophosphatemia
can cause intraglobular dentin deformities, whereas calcium-deficient rickets
causes enamel defects. Radiologic findings include coarse-appearing trabecu-
lar bone and widening, fraying, and cupping of the metaphysis of the proxi-
mal and distal tibia, distal femur radius, and ulna.
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Table 7-1 COMMON CAUSES OF ABNORMAL METABOLISM OF CALCIUM AND PHOSPHORUS

Calcium deficiency with secondary hyperparathyroidism [vitamin D

SERUM
CALCIUM

SERUM
PHOSPHORUS

SERUM
ALKALINE
PHOSPHATASE

URINE
AMINO ACIDS

COMMENTS

deficiency or low 25 (OH) D without stimulation of 1,25(0H),D production]

Lack of vitamin D (lack of Nord l T T Unusual except in dark-skinned infants
exposure to sunlight; dietary without vitamin D supplementation,
deficiency vitamin D, or in exclusively breast-fed infants
congenital) without exposure to sunlight.

Malabsorption of vitamin D Norl ) T T Such as in celiac disease, cystic fibrosis,

or steatorrhea.

Hepatic disease Nord l T T See discussion of case.

Anticonvulsive drugs Nord ) T T Usually phenobarbital and phenytoin;

patients have reduced 25(0OH)D levels,
possibly as a result of increased
cytochrome P450 activity; treatment is
with vitamin D, and adequate dietary
calcium.

(Continued)



Table 7-1 COMMON CAUSES OF ABNORMAL METABOLISM OF CALCIUM AND PHOSPHORUS (CONTINUED)

SERUM
SERUM SERUM ALKALINE URINE
CALCIUM PHOSPHORUS | PHOSPHATASE | AMINO ACIDS COMMENTS

Renal osteodystrophy Nord T T Variable Hypophosphaturia results in hypocal-
cemia that then stimulates parathyroid
secretion and enhanced bone turnover.
Additionally, diminished conversion of
25(0OH)D to 1,25(0H),D occurs as renal
damage progresses.

Vitamin D-dependent type | l Norl T T Autosomal recessive; believed to be
reduced activity of 25 (OH)D,,
o-hydroxylase; responds to massive doses
of vitamin D, or low-dose 1,25(0H),D.

Phosphate deficiency without secondary hyperparathyroidism

Genetic primary N d T N X-linked dominant; most common form

hypophosphatemia of nonnutritional rickets (see text).

Fanconi syndrome N d T T Includes cystinosis, tyrosinosis, Lowe

syndrome, and acquired forms.

Cystinosis and tyrosinosis are autosomal
recessive, Lowe syndrome X-linked
recessive.



Renal tubular acidosis, N l T N Bicarbonaturia, hyperkaluria, hypercalci-
type Il (proximal) uria, hypophosphatemia, and phospha
turia are common. Rickets may result
from leaching of bone calcium bicar-
bonate in an attempt to buffer retained
hydrogen ions seen in this condition.

Oncogenic N l T Usually N Caused by tumor section of a phosphate-
hypophosphatemia regulating gene product (PEX), which

results in phosphaturia and impaired
conversion of 25(0OH)D to 1,25(0H),D.
The tumors are often hard to detect but
are found in the small bones of the
hands and feet, abdominal sheath, nasal
antrum, and pharynx. Resolution occurs
after tumor removal.

Phosphate deficiency or N l T N Caused by parenteral hyperalimentation
malabsorption or low- phosphate intake.

End-organ resistance to 1,25(0H),D,

Vitamin D-dependent type Il d lorN T T Autosomal recessive; very high serum
levels of 1,25(0H),D; may result from
1,25(OH),D receptor-binding disorder.



72

CASE FILES: Pediatrics

Comprehension Questions

7.1

1.2

7.3

7.4

A 14-month-old child has lower-extremity bowing, a waddling gait,
genu varum, and is at the fifth percentile for height. Laboratory data
include low—normal serum calcium, moderately low serum phosphate,
and elevated serum alkaline phosphatase levels, hyperphosphaturia,
and normal parathyroid levels. Which of the following is the most
likely diagnosis?

. Fanconi syndrome

Genetic primary hypophosphatemia

Malabsorption of vitamin D

Phosphate malabsorption

Renal osteodystrophy

SECNOR-IES

An 8-month-old African-American baby arrives to the emergency
department with his mother with the complaint of decreased left arm
movement. He is the product of a normal term pregnancy, has had no
medical problems, and was in good health when his mother dropped
him off at the day care center. Upper arm radiographs show a left
humerus spiral fracture. Which of the following is the most appropri-
ate next step in management!

. Admit the child and call child protective services.

Obtain serum 1,25(OH),D levels.

Order serum alkaline phosphatase levels.

Obtain stool for analysis for fat-soluble vitamins.

Send chromosome sample for osteogenesis imperfecti analysis.

SEvER-IES

The diet of a 3-year-old child with cystic fibrosis should be supple-
mented with which of the following?

A. Folate

B. Sodium

C. Vitamin C

D. Vitamin B,

E. Vitamin D

A 5-year-old girl is somewhat short and has mild leg bowing. Her med-
ical history is significant only for well-controlled seizure disorder.
Serum calcium, phosphorus, and alkaline phosphatase levels and uri-
nary amino acid concentration are normal. A bone age is notable for
abnormal distal radius and ulna mineralization. Which of the follow-
ing is the most likely diagnosis?

. Cystic fibrosis

Fanconi syndrome

Genetic primary hypophosphatemia

Rickets associated with anticonvulsive drug use

Schmid metaphyseal dysplasia

OO ® >
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ANSWERS

7.1

1.2

7.3

74

B. Lower-extremity bowing, low-normal calcium and phosphate lev-
els, and normal parathyroid hormone levels suggest familial primary
hypophosphatemia.

A. A spiral fracture of the humerus is suspicious but not diagnostic
for child abuse. While further laboratory testing is appropriate, the
next step in the management of this child is to provide a safe envi-
ronment until more data are available.

E. In addition to pancreatic enzyme replacement therapy, supple-
mentation with fat-soluble vitamins (A, D, E, and K), often iron,
and sometimes zinc is recommended.

E. All of the rickets syndromes present with elevated alkaline phos-
phatase levels. Schmid metaphyseal dysplasia, an autosomal domi-
nant condition, presents in a similar way with short stature, leg
bowing, and waddling gait. Radiographs show irregular long bone
mineralization. Biochemically, Schmid-type metaphyseal dysostosis
presents with normal serum calcium, phosphorus, and alkaline phos-
phatase activity and normal urinary amino acid levels.

Y

Nutritional rickets (inadequate dietary vitamin D or sunlight exposure) is
rare in healthy children in industrialized countries. Medical conditions
(liver or renal failure) or abnormalities in calcium and phosphorus metab-
olism usually are responsible.

Primary hypophosphatemia (X-linked dominant) is the most common
cause of nonnutritional rickets; proximal kidney tubule defects in phos-
phate reabsorption and conversion of 25(OH)D to 1,25(0OH),D are seen.
Findings include low—normal serum calcium, moderately low serum phos-
phate, elevated serum alkaline phosphatase, and low serum 1,25(0H),D
levels, hyperphosphaturia, and no evidence of hyperparathyroidism.
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Case 8

A family reports that their 5-year-old son has been increasingly confused
over the last several hours. His emergency department vital signs show
a heart rate of 180 beats/min, a blood pressure of 80/50 mm Hg, a tem-
perature of 36.1°C (97°F), and slow, deep respirations. His capillary
refill is 5 seconds, and he has skin tenting as well as altered mental sta-
tus. His mother reports that he has had a several pounds of weight loss
over the last few weeks, has been increasingly tired for several days, and
that she has been concerned about his 2- or 3-day history of thirst, fre-

quent daytime urination, and new onset of nocturnal enuresis.

» What is the most likely diagnosis?

» What is the best therapy?
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ANSWERS TO CASE 8:

Diabetic Ketoacidosis

Summary: A 5-year-old with weight loss, polydipsia, and polyuria who pres-
ents with dehydration and Kussmaul breathing.

> Most likely diagnosis: Diabetic ketoacidosis (DKA).

> Best therapy: Fluid rehydration, insulin, and close monitoring of serum glu-
cose level and acidemia.

ANALYSIS

Objectives

1. Understand the presentation of patients in DKA.
2. Appreciate the initial treatment strategies in the management of DKA.
3. Become familiar with pitfalls in the treatment of DKA.

Considerations

This patient is in extremis. He is tachycardic, hypotensive, hypothermic, and
has delayed capillary refill with tenting of the skin. The ABCs of medicine
apply. He is confused but not obtunded; he probably requires neither his air-
way controlled nor his breathing regulated. His examination suggests at least
10% dehydration; his circulatory status is marginal and requires rapid volume
restoration. His history and physical examination suggest diabetes; a finger-
stick glucose test confirms the diagnosis. The therapy for DKA rests on
(1) aggressive volume repletion, (2) glucose control with insulin, and
(3) correction of metabolic abnormalities.

APPROACH TO

Diabetic Ketoacidosis

DEFINITIONS

KETOACIDOSIS: A condition resulting from deficient insulin availability,
leading to lipid oxidation and metabolism rather than glucose metabolism.
The insulin absence results in free fatty acid (FFA) released from adipose tis-
sue and in unregulated hepatic FFA oxidation and ketogenesis.
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TYPE 1 DIABETES: Known by a variety of names, it is caused by a severe
endogenous insulin deficiency and a requirement for exogenous insulin to
prevent ketoacidosis.

TYPE II DIABETES: Known by a variety of names, it usually consists of
tissue-level insulin resistance (although exogenous insulin is often required)
and rarely leads to ketoacidosis.

KUSSMAUL BREATHING: Deep, rapid respirations associated with acidosis.

CLINICAL APPROACH

Patients with DKA represent a medical emergency. Such patients may
require intubation, but usually this is seen later in the disease course. Children
more commonly present with signs and symptoms of severe dehydration and
acidosis. The history often is positive for polyuria, nausea, vomiting, and
abdominal complaints. Hypothermia, hypotension, Kussmaul respirations,
and acetone on the breath are common. As these signs and symptoms may
be nonspecific, especially in younger children, a high index of suspicion is
required to make the diagnosis.

Laboratory data demonstrate an elevated glucose level (often 400-800 mg/dL),
metabolic acidosis (with anion gap, ie, excess endogenous anion production such
as from lactic acid), and hyperketonemia. Serum electrolyte levels usually show
hyponatremia and normal or slightly elevated potassium (despite intracellular
potassium depletion). Elevated blood urea nitrogen and creatinine levels are com-
monly seen, reflecting the dehydration. White blood cell counts (WCBs) often
are elevated, especially if a bacterial infection is exacerbating the condition.

Treating DKA includes initial vascular volume expansion (often with
normal saline) and then correction of the hyperglycemia and hyperketone-
mia. Intravenous (IV) fluid boluses sufficient to stabilize the heart rate and
blood pressure are sometimes required, and then a slower IV rate (usually a
saline solution with or without some glucose) to replace fluid losses and to
ensure adequate urine flow is initiated. Potassium is added to IV fluids after
urine output is established to counteract the patient’s total body potassium
depletion (treatment of the hyperglycemia and acidosis drives potassium
intracellularly; hypokalemia is an avoidable complication). A continuous
insulin infusion at a rate of approximately 0.1 U/kg/h is also started (a bolus
of 0.1 Ulkg is often given initially), with the IV rate adjusted based on the
results of hourly glucose measurements. Glucose is added to IV fluids when
the serum glucose level drops to approximately 250 or 300 mg/dL, and addi-
tional insulin rates adjustments are made based on serum glucose levels. The
low plasma pH and elevated serum ketone levels will correct significantly
in the first 8 to 10 hours; the serum bicarbonate level may remain low for
approximately 24 hours or more. Improvement is characterized by a decrease
in IV insulin rates and resolution of the ketonuria; then, the patient can take
oral feedings, and insulin is converted from the IV to subcutaneous route.
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Several pitfalls should be avoided during the treatment of DKA. IV fluids
with insulin and improvement in acidosis levels often are associated with a
fall in serum potassium levels; addition of potassium to the IV fluids usually
is indicated to prevent serious hypokalemia. Bicarbonate infusion usually is
avoided except in extreme situations, because it may (1) precipitate
hypokalemia, (2) shift the oxygen dissociation curve to the left, worsening
organ oxygen delivery, (3) overcorrect the acidosis, and (4) result in worsen-
ing cerebral acidosis while the plasma pH is being corrected (transfer into the
cerebrum of CO, formed when the bicarbonate is infused in an acid serum).
Cerebral edema (etiology unknown) sometimes occurs, manifesting as
headache, personality changes, vomiting, and decreased reflexes. Treatment
of cerebral edema consists of reduction in IV fluid, administration of IV man-
nitol, and hyperventilation. Episodes of DKA (especially in the known dia-
betic) can be precipitated by bacterial infection. An evaluation for infection
sources with institution of antibiotics (if appropriate) is required.

Comprehension Questions

8.1 A 14-year-old adolescent female from another state was followed for 7
years for a history of insulin-dependent diabetes mellitus. At your
clinic her hemoglobin A, is 14.9%. This laboratory test indicates
which of the following?

Her glucose control is poor.

She does not have insulin-dependent diabetes.

She has entered the “honeymoon phase” of her diabetes.

She has an underlying infection.

She is demonstrating the Somogyi phenomenon.

MOO® >

8.2 Six months after being diagnosed with what appears to be insulin-
dependent diabetes, the 5-year-old in the case presentation has a sig-
nificant decrease in his insulin requirement. Which of the following is
the most likely explanation?

A. His diagnosis of insulin-dependent diabetes was incorrect.

B. He had a chronic infection that is now under control.

C. He has followed his diabetes diet so well that he requires less
insulin.

D. He is demonstrating the Somogyi phenomenon.

E. He has entered the “honeymoon phase” of his diabetes.
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8.3

8.4

A 15-year-old adolescent female has experienced abdominal pain,
vomiting, and lethargy for 3 days. Her chest and throat examinations
are clear, but her abdominal examination is significant for right lower
quadrant pain. Rectal examination is equivocal for pain, and her pelvic
examination is remarkable for pain upon movement of her cervix.
Laboratory data include a white blood cell count of 18,000/mm?, serum
glucose level of 145 mg/dL, and serum bicarbonate level of 21 mEq/dL.
Her urinalysis is remarkable for 1+ white blood cells, 1+ glucose, and
1+ ketones. Which of the following is the most likely diagnosis?

A. Appendicitis

B. Diabetic ketoacidosis (DKA)

C. Gastroenteritis

D. Pelvic inflammatory disease (PID)

E. Right lower lobe pneumonia

A 16-year-old obese adolescent female has enuresis, frequent urination, a
white vaginal discharge, and a dark rash around her neck. Her serum glu-
cose level is 250 mg/dL, and her urinalysis is positive for 2+ glucose but is
otherwise negative. Which of the following is the most likely diagnosis?

. Chemical vaginitis

Chlamydia cervicitis

Psoriasis

Type I diabetes

Urinary tract infection (UTI)

MO0 ® >

ANSWERS

8.1

8.2

A. The patient likely has poor diabetes control. The hemoglobin A,
commonly used to follow glucose control, measures the average glu-
cose levels over the previous 2 or 3 months. The hemoglobin A goal
for most diabetics is 6% to 9%. Levels greater than 12% suggest poor
control, and levels 9% to 12% represent fair control. In the Somogyi
phenomenon, a patient has nocturnal hypoglycemic episodes mani-
fested as night terrors, headaches, or early morning sweating and then
presents a few hours later with hyperglycemia, ketonuria, and gluco-
suria. Counter-regulatory hormones, in response to the hypoglycemia,
cause the hyperglycemia.

E. Up to 75% of newly diagnosed diabetics have a progressive decrease
in the daily insulin requirement in the months after their diabetes
diagnosis; a few patients temporarily require no insulin. This “honey-
moon” period usually lasts a few months, and then an insulin require-
ment returns. Patients are told that the “honeymoon” period is not a
cure and that they should expect a return to insulin requirement.



80

CASE FILES: Pediatrics

8.3

8.4

D. The patient likely has PID; glucosuria is a stress response to the
infection and does not represent glucose metabolism problems. All of
the options in the question can cause abdominal pain. Although dia-
betes mellitus is in the differential, DKA more likely presents with
ketoacidosis (significantly decreased serum bicarbonate levels) and
high serum glucose levels.

D. The description is of an obese adolescent female with candida
vaginitis (the vaginal discharge) and acanthosis nigricans (the
nuchal dark rash) consistent with type II diabetes. This condition is
far more common in overweight children, especially those with a
family history of the condition.

W

Diabetic ketoacidosis (DKA) is a medical emergency that can present with
nonspecific signs of dehydration, polyuria, nausea, vomiting, and abdomi-
nal complaints. Hypothermia, hypotension, Kussmaul respirations,and ace-
tone on the breath are also seen. A high index of suspicion is required to
make the diagnosis, especially in the younger child.

Cerebral edema is a potentially life-threatening complication in diabetic
ketoacidosis treatment presenting as headache, personality changes, vom-
iting, and decreased reflexes.

Electrolyte disturbances are common in diabetic ketoacidosis. Hypokalemia
can occur during treatment if adequate sources are not provided.
Bicarbonate administration usually is avoided except in extreme situations
for a variety of physiologic reasons.
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A 2-month-old child you have followed since birth arrives for his rou-
tine “baby shots.” His mother’s pregnancy was uncomplicated, and he

has been healthy without significant problems.

> What is the next step in the care of this patient?
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ANSWER TO CASE 9:
Routine Well-Child Care

Summary: A healthy 2-month-old infant due for a routine well-child visit.

> Next step: Gather interval history (feeding, sleep), obtain appropriate meas-
urements (length, weight, and head circumference), review sensory and devel-
opmental or behavioral screenings (ensure that he can see and hear, and that
he is developing normally), perform a physical examination, perform general
and specialized procedures (ensure that his neonatal state screen is normal
and provide immunizations), and offer anticipatory guidance.

ANALYSIS

Objectives

1. Become familiar with the goals of the routine well-child (or health super-
vision) session.

2. Become familiar with the American Academy of Pediatrics (AAP)
Recommended Childhood and Adolescent Immunization Schedule.

3. Learn the side effects and contraindications of common childhood immu-
nizations.

Considerations

Well-child care for this healthy infant is uncomplicated. For children with
special needs, such as Down syndrome or sickle cell disease, guidelines outline
their specific considerations. For children with multiple handicaps, such as
those resulting from extreme prematurity, no specific guidelines exist; the
providers adapt national “well-child care” guidelines as appropriate.

APPROACH TO
Childhood Well-Child Care

CLINICAL APPROACH

Goals of a health supervision visit include evaluating a child’s physical, devel-
opmental, psychosocial, and educational status to identify problems early;
prompt intervention then can be instituted. Anticipatory guidance aims to fos-
ter good health habits, prevent illness, and assist in family communication.
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Most pediatric providers follow commonly available preventive health-care
guidelines. The AAP periodically updates its Recommendations for Preventive
Pediatric Health Care, which outlines questions, medical procedures, and coun-
seling areas for children’s birth through 21 years. Other sources include guide-
lines from the Agency for Healthcare Research and Quality and “Bright
Futures” (National Center for Education in Maternal and Child Healthcare).
Regardless of the source, guidelines are modified to fit local practice and to best
serve the patients’ needs.

IMMUNIZATIONS

Immunizations are part of the well-child visit. They are cost-effective and effi-
cacious in improving children’s general health and well-being. Vaccination pro-
grams have eliminated smallpox and reduced the incidence of other diseases
(Haemophilus influenzae type b [Hib], polio, measles, tetanus, rubella, and diph-
theria) such that medical students and residents are unlikely to see a single case.
The Recommended Childhood and Adolescent Immunization Schedule
(Figure 9-1), updated annually and available on the Internet, is supported by a
variety of organizations, including the AAP, the American Academy of Family
Practice, and the Centers for Disease Control and Prevention.

Pediatric immunizations are extraordinarily safe. The side effects risk is
extremely low, especially when compared to the benefit of preventing mor-
bidity and mortality from communicable diseases. However, vaccine safety
sometimes is scrutinized by the news media and by parents. The health-care
provider must have access to scientifically sound and updated side effect data
to allay these fears (Table 9-1).

Many American children are incompletely immunized because of a lack of
access to immunizations, poor family understanding of the need for immu-
nizations, cost, or fear of side effects. True contraindications to giving immu-
nizations are rare. Mild upper respiratory infections, gastroenteritis, and
low-grade fever are not contraindications.

True contraindications to a particular vaccine include immediate hyper-
sensitivity reactions to the given vaccine, the vaccine component, or the pre-
servative in the agent. True egg hypersensitivity is a contraindication to
influenza and yellow fever vaccination (both grown in chick embryo tissue
cultures) but not for measles-mumps-rubella (MMR) vaccination (contains
only minute amounts of egg products). Patients having encephalopathy or
encephalitis after receiving the diphtheria, tetanus, and pertussis vaccine do not
receive subsequent doses. In general, live virus vaccines are not given to preg-
nant and severely immunocompromised patients, but they are given to a
child living in the home with a pregnant woman. Giving MMR or varicella
to an asymptomatic patient with human immunodeficiency virus (HIV) is
permitted. Expert consultation in some cases is warranted.
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This schedule indicates the recommended ages for routine administration
of currently licensed vaccines, as of December 1, 2008, for children aged
0 through 6 years. Any dose not administered at the recommended age
should be administered at a subsequent visit, when indicated and feasible.
Licensed combination vaccines may be used whenever any component
of the combination is indicated and other components are not contraindicated
and if approved by the Food and Drug Administration for that dose of

the series. Providers should consult the relevant Advisory Committee on
Immunization Practices statement for detailed recommendations, including
high-risk conditions: http://www.cdc.gov/vaccines/pubs/acip-list.htm.
Clinically significant adverse events that follow immunization should
be reported to the Vaccine Adverse Event Reporting System (VAERS]).
Guidance about how to obtain and complete a VAERS form is
available at http://www.vaers.hhs.gov or by telephone, 800-822-7967.

Figure 9-1.
Prevention, www.cdc.gov.

Recommended childhood adolescent immunization schedule: 2009. Reproduced from the Centers for Disease Control and
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Table 9-1 VACCINE ADVERSE EVENTS, CONTRAINDICATIONS, AND

PRECAUTIONS

AGENT

H influenzae
type b vaccine

ADVERSE EVENT

Pain, redness, and/or swelling
at the injection site in 25% of
recipients.

CONTRAINDICATIONS OR
PRECAUTIONS

Anaphylactic reaction to
vaccine.

DPT/DTaP*
vaccine
(In general,
only the
acellular
(DTaP)
pertussis
vaccine
is available;
all of the
adverse
events
listed are
far more
common
with the
cellular
(DTP) form.)

Local and febrile reaction.

Redness, edema, induration, and
tenderness at the injection site.

Drowsiness, fretfulness, anorexia,
vomiting, crying.

Slight to moderate fever.

Bacterial or sterile abscesses at
the site of injection (6-10 cases
per million injections).

Allergic reactions (2 cases per
100,000 injections), transient
urticarial rash.

Seizures (incidence occurring
within 48 h is 1 case per 1750
doses).

Hypotonic-hyporesponsive (also
called “collapse” or “shocklike
state”) episodes (1 case per
1750 doses).

Fever >40.5°C (105°F) (0.3% of
recipients).

Persistent, severe, inconsolable
screaming or crying (1 case per
100 doses).

Contraindications

» Anaphylactic reaction to
vaccine or vaccine
constituent.

* Moderate or severe illness
with or without a fever.

* Encephalopathy within 7 d
of administration of
previous dose of DTP/DTaP.

Precautions

* Fever 240.5°C (105°F) within
48 h of vaccination with a
prior dose of DTP/DTaP.

* Collapse or shocklike state

(hypotonic-hyporesponsive

episode) within 48 h of

receiving a prior dose of

DTP/DTaP.

Seizures within 3 d of

receiving a prior dose of

DTP/DTaP (acetaminophen

given prior to administering

DTaP or DTP and every 4 h

thereafter for 24 h should

be considered for children
with a personal or family
history of convulsions in
siblings or parents).

Persistent, inconsolable

crying lasting >3 h within

48 h of receiving a prior

dose of DTP/DTaP.

* Guillain-Barré syndrome
within 6 wk after a dose of
DTP/DTaP.

(Continued)
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Table 9-1 VACCINE ADVERSE EVENTS, CONTRAINDICATIONS, AND

PRECAUTIONS (CONTINUED)

AGENT

Hepatitis B vaccine

ADVERSE EVENT

Pain at injection site and
temperature >37.7°C (99.86°F)
(1%-6% of recipients).

Anaphylaxis reported to be
1 in 600,000 doses.

CONTRAINDICATIONS OR
PRECAUTIONS

Contraindications

* Anaphylactic reaction to
vaccine or vaccine
constituent.

* Anaphylactic reaction to
baker’s yeast.

Precautions

* Moderate or severe illness
with or without a fever.

MMR vaccine

Fever up to 39.4°C (103°F)
occurs in 5%-15% of vaccines
7-12 d after injection, lasting
1-2d.

Rash in about 5% of vaccines.

Transient thrombocytopenia.

Encephalitis and encephalo-
pathy occurs in 1 per million
doses, less often with
revaccination.

Allergic reaction: reactions to
the MMR vaccine are rare even
in children with documented
egg allergy.

Clinically apparent thrombo-
cytopenia within 2 mo of the
vaccine occurs in <1 per
25,000-40,000 vaccinated
children, clustered about
2-3 wk after the vaccine, and
is generally transient and
benign in nature.

Subacute sclerosing panence-
phalitis is possibly a rare
complication.

Contraindications

* Anaphylactic reaction to

neomycin or gelatin.

Pregnancy.

* Known altered immuno-
deficiency (hematologic
and solid tumors, severe HIV
infection, congenital
immunodeficiency, and
long-term immunosuppres-
sive therapy).

Precautions

* Recent immunoglobulin
administration (within 3-11
mo depending on product).

» Thrombocytopenia or
history of thrombocy-
topenic purpura.

Inactivated
poliovirus
vaccine (IPV)

None.

Contraindications

* Anaphylactic reaction to
streptomycin, polymyxin B,
and neomycin.

Precautions

* Pregnancy.
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Table 9-1 VACCINE ADVERSE EVENTS, CONTRAINDICATIONS, AND

PRECAUTIONS (CONTINUED)

CONTRAINDICATIONS OR

AGENT ADVERSE EVENT PRECAUTIONS

Varicella vaccine Rash within 1 mo of immuni- Contraindications
zation, a mild maculopapular * Anaphylactic reaction to
or varicelliform rash (median neomycin and gelatin.
of about 2-5 lesions) at the * Infection with HIV.
injection site or elsewhere, * Known altered immuno-
develops in about 7% of deficiency (hematologic and
children and about 8% of solid tumors, congenital
susceptible adolescents/adults. immunodeficiency, and

Pain, redness, and/or swelling long-term immunosuppres-
at the injection site in 20% of sive therapy).
children and 25%-35% of Precautions
adolescents.

Transmission of the vaccine * Recent immunoglobulin
virus from healthy vaccines to administration (within 5 mo).
other persons is rare (<1%) * Family history of
and appears to occur only if immunodeficiency.

vaccine develops rash.
Transmission of this vaccine
virus appears to cause mild
or no disease.

Zoster-like illness (rash and
minimal or absent system
symptoms) has been reported
in vaccines (about 18 cases per
100,000 person years); no cases
have been severe.

Pneumococcal Up to about 1 of 4 infants had Known anaphylactic reaction.
vaccine redness, tenderness, or swelling
where the shot was given.

About 1 of 3 infants had a fever
>38°C (>100.4°F), and up to
about 1in 50 had a higher
fever >39°C (>102.2°F).

Some children also became
fussy or drowsy, or had a loss
of appetite.

(Continued)
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Table 9-1 VACCINE ADVERSE EVENTS, CONTRAINDICATIONS, AND

PRECAUTIONS (CONTINUED)

CONTRAINDICATIONS OR

AGENT ADVERSE EVENT PRECAUTIONS
Hepatitis A Soreness where the shot was Known anaphylactic reaction.
vaccine given (about 1 of 2 adults and

up to 1 of 5 children).

Headache (about 1 of 6 adults
and 1 of 20 children).

Loss of appetite (about 1 of
12 children).

Fatigue (about 1 of 14 adults).

If these problems occur, they
usually come 3-5 d after
vaccination and last for 1 or 2 d.

Abbreviations: DTaP, diphtheria and tetanus toxoids and acellular pertussis [vaccine]; DTP, diphtheria
and tetanus toxoids and pertussis [vaccine]; HIV, human immunodeficiency virus; MMR, measles-
mumps-rubella.

“In general, only the acellular (DTaP) pertussis vaccine is available; all of the adverse events listed are
far more common with the cellular (DTP) form.

Data from Pickering LK, ed. 2006 Red Book: Report of the Committee on Infectious Diseases. 27th ed.
Elk Grove Village, IL: American Academy of Pediatrics, 2006 and Centers for Disease Control and
Prevention (available at www.cdc.gov).
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Comprehension Questions

9.1

9.2

9.3

9.4

A healthy, well-developed 6-year-old child arrives as a new patient to

your clinic. His immunization card reveals that he received an immu-

nization at birth and some when he was 2 months old, but none since.

Which of the following statements about him is correct?

A. He should receive the live oral poliovirus vaccine rather than the
inactivated (injectable) poliovirus vaccine (IPV).

B. The pertussis vaccine is contraindicated at his age and is replaced
with the tetanus-diphtheria vaccine.

C. He is too old to receive the H influenzae type b vaccine.

D. His vaccinations at birth and 2 months are repeated because too
much time has elapsed for them to be effective.

E. He is too young for the varicella vaccine.

Appropriate advice for a mother of a 2-week-old child here for a “well-
child” visit includes which of the following?

A. By age 1 month the child should be sleeping through the night.
B. Children should be able to roll over by age 2 months and to sit by
age 4 months.

Half-strength fruit juices can be initiated at age 2 months.

Potty training should begin at age 1 year.

Sleep in the supine position is recommended.

mo 0

During a “well-child” visit, the parents of a healthy 5-month-old offer
a great amount of information. Which of the following bits of infor-
mation is of most concern?

>

A diet that includes baby cereal, five different baby vegetables,
and one baby fruit

Consuming 32 oz of infant formula per day

Intermittent tugging on the ears

Limited eye contact with parents

Rolling from front to back but not back to front

Mo O W

Which of the following statements about “routine” screening tests is

accurate’

A. All children undergo tuberculosis skin testing at age 12 months.

B. Lead testing is obtained on all 12- and 14-month-old infants.

C. Pelvic examinations are part of the examination of a sexually
active adolescent.

D. Screening hematocrit levels are obtained on all infants at age
2 months.

E. Universal cholesterol screening begins at age 11 months.
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ANSWERS

9.1

9.2

9.3

94

C. The Hib vaccine generally is not recommended for children 5 years
of age or older.

E. Juices (undiluted) are avoided until approximately 6 months of age
(in a cup and not in the bottle). At 1 month of age an infant should
be able to fix and follow, but not be expected to sleep through the
night by age 2 to 3 months. Realistic targets for development include
rolling over at 4 months and sitting by 6 months. Potty training starts
when the child shows interest, usually no earlier than age 2 years.
Parents are told to place healthy children on their backs (or side) for
sleep to reduce the incidence of sudden infant death syndrome.

D. Children fix and follow on the human face from birth. A 5-month-
old child who does not engage in eye contact is abnormal.

C. Tuberculosis and lead testing are performed on at-risk children.
Pelvic examinations are performed when girls become sexually
active or by age 18 to 21 years. Screening hematocrits are done at age
9 to 12 months, and cholesterol tests are done for children with
familial risk factors.

W

True contraindications for vaccinations are rare but include immediate
hypersensitivity reactions to the vaccine, the vaccine component, or the
preservative in the agent.

Conditions that are not contraindications for vaccinations include mild
upper respiratory infections, gastroenteritis, and low-grade fever.

In general, pregnant and severely immunocompromised patients should
not receive live virus vaccinations, but the vaccines are given to children liv-
ing in the home with a pregnant woman. Measles-mumps-rubella (MMR)
and varicella vaccinations can be given to asymptomatic patients with HIV.
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Case 10 L

A 4-year-old boy has a 2-day history of runny nose, productive cough,
and wheezing. Subjective fever and decreased appetite also were noted
today. He has no known cardiorespiratory disease, and his immuniza-
tions are current. His two younger siblings are recovering from “colds.”
On examination, he is febrile to 103.2°F (39.6°C), with a respiratory
rate of 22 breaths/min. His examination is remarkable for congested
nares, clear rhinorrhea, coarse breaths sounds in all lung fields, and

bibasilar end-expiratory wheezes.

» What is the most likely diagnosis?

> What is the next step in evaluation?
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ANSWERS TO CASE 10:

Pneumonia

Summary: A toddler presents with cough, fever, and an abnormal chest
examination.

> Most likely diagnosis: Pneumonia.

» Next step in evaluation: A chest x-ray (CXR) often is indicated to ascer-
tain if radiographic changes support clinical findings. In addition to chest
radiography, pulse oximetry and selected laboratory tests (complete blood
count [CBC], blood culture, and nasal wash for selected viral antigens) may
help elucidate the etiology and extent of infection, as well as direct possible
antimicrobial therapy.

ANALYSIS

Objectives

1. Describe the etiologies of pneumonia and their age predilections.
2. Describe various clinical and radiographic findings in pneumonia.
3. Describe the evaluation and treatment of pneumonia.

Considerations

The most important initial goal in managing this patient is to ensure ade-
quacy of the ABCs (maintaining the Airway, controlling the Breathing, and
ensuring adequate Circulation). A patient with pneumonia may present with
varying degrees of respiratory compromise. Oxygen may be required, and in
severe cases respiratory failure may be imminent, necessitating intubation and
mechanical ventilation. The patient with pneumonia and sepsis also may
have evidence of circulatory failure (septic shock) and require vigorous fluid
resuscitation. After the basics of resuscitation have been achieved, further
evaluation and management can be initiated.
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APPROACHTO

DEFINITIONS

RALES: Wet or “crackly” inspiratory breath sounds due to alveolar fluid or
debris; usually heard in pneumonia or congestive heart failure (CHF).

PLEURAL RUB: Inspiratory and expiratory “rubbing” or scratching breath
sounds heard when inflamed visceral and parietal pleurae come together.
STACCATO COUGH: Coughing spells with quiet intervals, often heard in
croup and chlamydial pneumonia.

PLEURAL EFFUSION: Fluid accumulation in the pleural space; may be asso-
ciated with chest pain or dyspnea; can be transudate or exudate depending on
results of fluid analysis for protein and lactate dehydrogenase; origins include
cardiovascular (congestive heart failure), infectious (mycobacterial pneumonia),
and malignant (lymphoma).

EMPYEMA: Purulent infection in the pleural space; may be associated with
chest pain, dyspnea, or fever; usually seen in conjunction with bacterial pneu-
monia or pulmonary abscess.

PULSE OXIMETRY: Noninvasive estimation of arterial oxyhemoglobin con-
centration (Sa0,) using select wavelengths of light.

CLINICAL APPROACH

Pneumonia or lower respiratory tract infection (LRTI) is a diagnosis made clini-
cally and radiographically. The typical pediatric patient with pneumonia may
have traditional findings (fever, cough, tachypnea, and toxicity) or very few signs,
depending on the organism involved and the patient’s age and health status.

Pathophysiology

LRTI typically begins with organism acquisition via inhalation of infected
droplets or contact with a contaminated surface. Depending on the organism,
spread to distal airways occurs over varying intervals. Bacterial infection typ-
ically progresses rapidly over a few days; viral pneumonia may develop more
gradually. With infection progression, an inflammatory cascade ensues with
airways affected by humoral and cellular mediators. The resulting milieu
adversely affects ventilation—perfusion, and respiratory symptoms develop.

Clinical and Radiologic Findings

The pneumonia process may produce few findings or may present with
increased work of breathing manifested as nasal flaring, accessory muscle use,
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or tachypnea, the latter being a relatively sensitive indicator of pneumonia.
Associated symptoms may include malaise, headache, abdominal pain, nau-
sea, or emesis. Toxicity can develop, especially in bacterial pneumonia. Fever
is not a constant finding. Subtle temperature instability may be noted in
neonatal pneumonia. Clinically, pneumonia can be associated with decreased
or abnormal breathing (rales or wheezing). Chest examination may be equiv-
ocal, especially in the neonate. Hypoxia can be seen. Pneumonia complica-
tions (pleural effusion) may be identified by finding localized decreased breath
sounds or rubs.

Radiographic findings in LRTI may be limited, nonexistent, or lag the clini-
cal symptoms, especially in the dehydrated patient. Findings may include single
or multilobar consolidation (pneumococcal or staphylococcal pneumonia), air
trapping with flattened diaphragm (viral pneumonia with bronchospasm), or per-
ihilar lymphadenopathy (mycobacterial pneumonia). Alternatively, an intersti-
tial pattern may predominate (mycoplasmal pneumonia). Finally, pleural effusion
and abscess formation are more consistent with bacterial infection.

Causative Organisms

LRTTI occurs more frequently in the fall and winter and with greater frequency
in younger patients, especially those in group environments (large house-
holds, day care facilities, and elementary schools). When all age groups are
considered, approximately 60% of pediatric pneumonias are bacterial in origin,
with pneumococcus topping the list. Viruses (respiratory syncytial virus [RSV],
adenovirus, influenza, parainfluenza, enteric cytopathic human orphan [ECHQO]
virus, and coxsackie virus) run a close second.

Identifying an organism in pediatric pneumonia may prove difficult;
causative organisms are identified in only 40% to 80% of cases. Routine cul-
turing of the nasopharynx (poor sensitivity/specificity) or sputum (difficulty
obtaining specimens in young patients) usually is not performed. Thus, diag-
nosis and treatment usually are directed by a patient’s symptoms, physical and
radiographic findings, and age.

In the first few days of life, Enterobacteriaceae and group B Streptococcus
(GBS) are the primary bacterial etiologies; other possibilities include
Staphylococcus aureus, Streptococcus pneumoniae (pneumococcus), and Listeria
monocytogenes. In the newborn with pneumonia, broad-spectrum antimicro-
bials (ampicillin with either gentamicin or cefotaxime) are customarily pre-
scribed. During the first few months of life, Chlamydia trachomatis is a
possibility, particularly in the infant with staccato cough and tachypnea, with
or without conjunctivitis or known maternal chlamydia history. These infants
also have eosinophilia, and bilateral infiltrates with hyperinflation on chest
radiograph; treatment is erythromycin. Viral etiologies include herpes simplex
virus (HSV), enterovirus, influenza, and RSV; of these, HSV is the most con-
cerning and prevalent viral pneumonia in the first few days of life. Acyclovir
is an important consideration if HSV is suspected.



CLINICAL CASES 97

Beyond the newborn period and through approximately 5 years of age,
viral pneumonia is common; adenovirus, rhinovirus, RSV, influenza, and
parainfluenza are possibilities. Bacterial etiologies include pneumococcus and
nontypeable Haemophilus influenzae. Patients with nasal and chest conges-
tion with increased work of breathing, wheezing, and hypoxemia regularly
present to the emergency room during the winter months and are admitted for
observation, oxygen, and bronchodilator therapies. The diagnosis of a viral
process may be made clinically or with CXR findings (perihilar interstitial
infiltrates). Nucleic acid (PCR) amplification of secretions from a nasal swab
or wash often is performed to confirm a viral etiology. A mixed viral and bac-
terial pneumonia can be present in approximately 20% of patients.
Antibacterial coverage should be considered if the clinical scenario, exami-
nation, or x-ray findings suggest bacterial infection.

The pediatric patient older than approximately 5 years of age with LRT1
typically has mycoplasma. However, most of the viral and bacterial etiolo-
gies previously listed are possible, except GBS and Listeria. Antibiotics in
this age group are directed toward mycoplasma and typical bacteria (pneumo-
coccus). Treatment options include macrolides (azithromycin) or
cephalosporins (ceftriaxone or cefuroxime).

Pneumonia in the intubated intensive care patient with central lines may be
related to Pseudomonas aeruginosa or fungal species (Candida). Pseudomonas
and Aspergillus are possibilities in the patient with chronic lung disease (cystic
fibrosis). Varicella-zoster virus should be considered in the patient with typi-
cal skin findings and pneumonia; cytomegalovirus (CMV) if concomitant
retinitis is present; Legionella pneumophila if the patient has been exposed to
stagnant water; and Aspergillus if a patient has refractory asthma or a classic
“fungal ball” on chest radiograph. Travel to the southwestern United States
exposes patients to Coccidioides immitis, infected sheep or cattle expose
patients to Coxiella brunetti, and spelunking or working on a farm east of the
Rocky Mountains exposes patients to Histoplasma capsulatum.

One important subset of LRTT is tuberculosis. Mycobacterium tuberculosis
has become more problematic over the past decade; multidrug resistance is
increasingly seen. Patients may present with symptoms ranging from a tradi-
tional cough, bloody sputum, fever, and weight loss to subtle or nonspecific
symptoms. A positive purified protein derivative (PPD) is defined by indura-
tion diameter in the context of a patient’s exposure history, radiographic find-
ings, and immune status. For instance, 5-mm induration may be considered a
“positive” PPD at 48 to 72 hours in a patient with confirmed exposure, abnor-
mal chest radiograph, or immunodeficiency. This same measurement in an
otherwise healthy child without exposures would not be considered positive.
Possible sources for acid-fast bacilli for stain and culture (depending on the
age of the patient) include first-morning sputum samples, gastric aspirates,
bronchial washes or biopsy obtained via bronchoscopy, and empyema fluid
analysis or pleural biopsy if surgical intervention is required. Standard antitu-
berculous therapy while awaiting culture and sensitivities includes isoniazid,
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rifampin, and pyrazinamide. For possible drug-resistant organisms, ethambu-
tol can be added temporarily as long as visual acuity can be followed. The typ-
ical antibiotic course consists of an initial phase of approximately 2 months’
duration on three or four medications, followed by a continuation phase of
4 to 7 months on isoniazid and rifampin. Total therapy duration is dependent
upon the extent of CXR abnormalities, resistance patterns, and results of fol-
low-up sputum samples. Directly observed therapy should be routinely
advised.

Comprehension Questions

10.1 A 6-week-old boy, born by vaginal delivery after an uncomplicated
term gestation, has experienced cough and “fast breathing” for 2 days.
His mother relates that he has a 1-week history of nasal congestion and
watery eye discharge, but no fever or change in appetite. He has a tem-
perature of 99.4°F (37.4°C) and a respiratory rate of 44 breaths/min.
He has nasal congestion, clear rhinorrhea, erythematous conjunctivae
bilaterally, and watery, right eye discharge. His lungs demonstrate scat-
tered crackles without wheezes. Which of the following is the most
likely pathogen?

A. C trachomatis

B. L monocytogenes

C. Respiratory syncytial virus
D. Rhinovirus

E. S pneumoniae

10.2 A 2-year-old girl has increased work of breathing. Her father notes she
has had cough and subjective fever over the past 3 days. She has been
complaining that her “belly hurts” and has experienced one episode of
posttussive emesis but no diarrhea. Her immunizations are current,
and she is otherwise healthy. Her temperature is 102°F (38.9°C). She
is somnolent but easily aroused. Respirations are 28 breaths/min, and
her examination is remarkable for decreased breath sounds at the left
base posteriorly with prominent crackles. Which of the following
acute interventions is the next best step in your evaluation?

. Blood culture

Chest radiography

Pulse oximetry

Sputum culture

Viral nasal swab

mOO® >
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10.3

10.4

You are evaluating a previously healthy 8-year-old boy with subjective
fever, sore throat, and cough over the past week. There has been no rhi-
norrhea, emesis or diarrhea, and his appetite is unchanged. According
to your clinic records, his immunizations are current and his weight was
at the 25th percentile on his examination 6 months ago. Today he is
noted at the 10th percentile for weight. He is afebrile, with clear nares
and posterior oropharynx, and a normal respiratory effort. He has bilat-
eral cervical and right supraclavicular lymphadenopathy. Chest auscul-
tation is notable for diminished breath sounds at the left base. Beyond
obtaining a chest radiograph, which of the following is the best next
step in your evaluation?

A. Rapid strep throat swab

B. Viral nasal swab

C. PPD placement

D. Lymph node biopsy

E. Bordetella pertussis direct fluorescent antibody testing

A 13-year-old adolescent female complains of dry cough, slight fever,
and fatigue over the past 2 weeks. She noted increased chest conges-
tion and coughing yesterday when walking outside in the cold air. She
denies nasal congestion, rhinorrhea, emesis, or diarrhea. Her mother
declares her daughter is generally healthy with a history of only sum-
mertime allergies. Her vital signs, respiratory effort, and chest exami-
nation are normal. Which of the following is the most likely
pathogen?

. H influenzae

M pneumoniae

Respiratory syncytial virus

S aureus

S pneumoniae

OO ® >

ANSWERS

10.1

A. Cough and increased respiratory effort in an afebrile infant with
eye discharge are consistent with Chlamydia. Transmission typically
occurs during vaginal delivery. Approximately 25% of infants born
to mothers with Chlamydia develop conjunctivitis; about half of
these develop pneumonia. Most infants present with respiratory
infection in the second month of life, but symptoms can be seen as
early as the second week. Inner eyelid swabs are sent for PCR, and
oral erythromycin or sulfisoxazole (latter only in infants older than
2 months of age) is given for 2 weeks for either conjunctivitis or
pneumonia.
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10.2

10.3

10.4

C. Tachypnea and lethargy are prominent in this patient with clinical
pneumonia. Pulse oximetry should urgently be performed to ascer-
tain whether oxygen is required. Sputum culturing is reasonable, but
an adequate and diagnostically useful specimen can only be obtained
from a 2-year-old by endotracheal aspirate or bronchoscopy. In this
otherwise healthy toddler for whom concerns for atypical pneumo-
nia are high, invasive maneuvers are not indicated. Viruses (RSV
and adenovirus) are prominent at this age; one might consider per-
forming a nasal swab for viral antigens. Abdominal pain, as noted in
this question, can be seen as a presenting symptom in pneumonia,
probably as a result of irritation of the diaphragm by pulmonary
infection.

C. The scenario is typical for pediatric tuberculosis. Neck and peri-
hilar or mediastinal lymphadenopathy and pulmonary or extrapul-
monary manifestations can occur, with miliary disease and
meningitis more common in infants and younger children. Fever,
weight loss, and lower respiratory tract signs and symptoms (possible
left pleural effusion in this patient) are archetypal tuberculosis (TB)
findings. A PPD should be placed, and consideration given to hospi-
talizing this patient in negative pressure isolation for further evalua-
tion beyond PPD placement (pleurocentesis, bronchoalveolar
lavage, gastric aspirates) and possible antituberculous treatment.

B. All of these findings are consistent with mycoplasmal infection
(“walking pneumonia”). The incubation period for mycoplasma is
5 to 7 days, and most symptoms are noted during the second to third
week of infection. Hemolysis occurs as antibodies attach to red blood
cells, prompting reticulocyte production. If necessary, nasopharyn-
geal aspirate for PCR or measurement of cold agglutinins may help
aid in the diagnosis. Auscultatory and radiographic findings vary in
this infection; a normal CXR or one with an interstitial pattern, effu-

sion, or atelectasis could be seen.

The etiology of pneumonia varies according to the patient’s age. Neonates
have the greatest risk of group B Streptococcus, toddlers are more likely
to have respiratory syncytial virus, and adolescents usually contract
mycoplasma.

Efforts in tuberculosis management should be directed toward isolating
an organism and obtaining sensitivities, thus allowing selection of the
optimal antituberculous regimen.
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Case 11

You are moonlighting in a rural emergency room when a father rushes
his 3-year-old daughter into the waiting area. You quickly determine
that he and the child have been at a relative’s farm where they were
spraying for bugs in an old barn. The child had been fine, but while at
the farm developed abdominal cramping, cough, drooling, and tearing.
While in route the child seems to be having increased respiratory diffi-

culty, and the dad notes she soiled and urinated upon herself.

» What is the most likely diagnosis?
» How is the diagnosis made?

> What is the best therapy?
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ANSWERS TO CASE 11:

Organophosphate Poisoning

Summary: A 3-year-old, previously healthy child who, while helping her
father spray for bugs, develops salivation, lacrimation, respiratory distress, and
gastrointestinal (GI) symptoms.

> Most likely diagnosis: Organophosphate poisoning.

» Making the diagnosis: High index of suspicion so therapy is not delayed;
confirmation via decreased serum pseudocholinesterase and erythrocyte
cholinesterase levels.

> Best therapy: Decontamination of the child, supportive care, administra-
tion of atropine or pralidoxime.

ANALYSIS

Objectives

1. Understand the signs, symptoms, and treatment of organophosphate
poisoning.

2. Be familiar with the treatment options of various commonly ingested
agents.

Considerations

This child is demonstrating evidence of organophosphate poisoning, the lead-
ing cause of nonpharmaceutical ingestion fatality in children. She was exposed
during the spraying for insects in the barn, and is at risk for ongoing absorption
of toxin until decontamination of her clothing is achieved.

Note: For some children exposed to a toxic substance, parents are able to
provide a container of the toxic agent. For others either the container is not
available or the symptoms are not obviously related to a toxic exposure. In all
cases a thorough history and physical examination, along with a high index
of suspicion in younger children, is required to ensure the diagnosis of acci-
dental toxic exposure is made.
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APPROACH TO

Organophosphate Poisoning

DEFINITIONS

NICOTINIC SYMPTOMS: Cardiac (hypertension, tachycardia, arrhythmia);
muscle (fasciculations, weakness, tremors); respiratory failure due to diaphragm
paralysis; hypertension.

MUSCARINIC SYMPTOMS: Gastrointestinal (emesis, urinary and fecal incon-
tinence); respiratory (bronchorrhea, bronchospasm); cardiac (hypotension,
bradycardia); tearing and drooling; miosis.

CLINICAL APPROACH

Millions of children are poisoned each year with about 90% of exposures
occurring in the home. About half of all accidental poisonings occur in chil-
dren younger than 5 years of age. Children aged from about 6 to 12 years are
much less likely to be exposed, and those with toxic exposures beyond 12 years
of age often do so intentionally. Death due to accidental poisonings has become
unusual since a variety of measures have been implemented, including poison
prevention as part of all well-child visits, development of regional poison con-
trol centers, child-resistant packaging, and improved medical management.

Organophosphate poisoning can occur across skin or mucous membranes, by
inhalation, or by ingestion. Commonly found in such pesticides as parathion,
malathion, and diazinon, organophosphates bind irreversibly to cholinesterase of
neurons and erythrocytes, as well as to liver pseudocholinesterase. The common
finding is failure to terminate the effects of acetylcholine at the receptor sites.

Signs and symptoms of cholinergic excess are often remembered with the
mnemonic “dumb bells” which includes

diarrhea/defecation
urination

miosis

brachycardia

bronchorrhea
emesis/excitation of muscles
lacrimation

nErEHEWZE Y

salivation

In addition to these muscarinic and nicotinic effects, central effects includ-
ing obtundation, seizures, and apnea are seen.

Confirmation of the exposure can be confirmed by finding decreased serum
pseudocholinesterase and erythrocyte cholinesterase levels, but the correlation
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to these levels to the magnitude of exposure or the symptoms observed is poor.
Thus, a high index of suspicion must be maintained to quickly and accurately
diagnose organophosphate exposure.

Treatment of the patient exposed to organophosphate consists of rapid
decontamination by removing all clothing and washing of all skin surfaces.
For ingestions, gastric lavage or activated charcoal may be attempted, but the
compounds are rapidly absorbed and the benefits somewhat limited. The
ABCs of medicine apply: preserve the Airway (intubation may be required);
maintain Breathing (excessive secretions may require frequent suctioning);
and ensure appropriate Circulation.

Two specific therapies to counter the effects of organophosphate poison-
ings include atropine and pralidoxime. Atropine works by antagonizing the
muscarinic receptor; large, repeated, and sometimes continuous doses may be
required. Often the amount and number of atropine doses required correlates
to the degree of exposure and may assist in the prediction of course duration.
Pralidoxime is a cholinesterase-reactivating oxime, often used for patients
with significant muscle weakness, especially if mechanical ventilation is required
owing to muscle failure.

Careful attention to a child’s environment can help prevent countless
instances of toxic ingestion. Counseling parents to “poison proof” their home
is a first step toward prevention. Written and video materials are readily avail-
able through the American Academy of Pediatrics, local and state health
departments, and poison control centers. All families are taught to become
familiar with the national network of poison control centers, reached toll-free

at 1-800-222-1222.

Comprehension Questions

11.1  Students attending a school built in 1951 are at risk for which of the
following?

. Arsenic

Asbestos

Dichlorodiphenyltrichloroethane (DDT)

Mercury

Polychlorinated biphenyls (PCBs)

mOOW >

11.2 An 8-year-old, mentally delayed child ingests the contents of a mer-
cury thermometer. Which of the following symptoms are most likely
to be seen?

. Ataxia, dysarthria, and paresthesias

Chest pain and dyspnea

Gingivostomatitis, tremor, and neuropsychiatric disturbances

No symptoms

Pulmonary fibrosis

mo0®»
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11.3

11.4

A 4-year-old child is found with a bottle of insecticide that contains
arsenic. Which of the following symptoms is most likely to occur?

. Bradycardia with third-degree heart block

Constipation

Hemorrhagic gastroenteritis with third spacing of fluids
Hyperreflexia

Hypothermia

SEvER-IES

Exposure to environmental toxins can occur in a number of ways.
Which of the following is the most likely mechanism of exposure?

. Asbestos exposure from hazardous arts and crafts materials
Exposure of a child to beryllium from the child’s parents’ clothing
[ron intoxication from vehicular emissions

Lead toxicity from ingesting pieces of a pencil

Transplacental exposure to benzene

OO ® >

ANSWERS

11.1

11.2

11.3

B. Between 1947 and 1973 asbestos was commonly sprayed on
school ceilings as a fire retardant. Deterioration results in release of
microscopic fibers into the air. Drop ceilings or placement of barriers
usually is sufficient protection against this carcinogen.

D. The child in the question is unlikely to develop symptoms (the
quantity of mercury is small); a larger acute elemental ingestion
might result in a variety of gastrointestinal (GI) complaints. If the
elemental mercury were in vapor form, GI complaints would be seen,
along with fever, chills, headaches, visual changes, cough, chest
pain, and possibly pneumonitis and pulmonary edema. Exposure to
inorganic mercury salts (pesticides, disinfectants, explosives, dry bat-
teries) can cause gastroesophageal burns, nausea, vomiting, abdomi-
nal pain, hematemesis, hematochezia, cardiovascular collapse, or
death. Ataxia, dysarthria, and paresthesias are seen in methyl mer-
cury intoxication (contaminated fish exposure). Gingivostomatitis,
tremor, and neuropsychiatric disturbances are seen with chronic
inorganic mercury intoxication; indeed, the term “mad as a hatter”
originates from the occupational hazard of workers’ exposure in the
early industrial period to mercury-containing vapors during the
process of felt hat making.

C. Acute arsenic ingestions can cause nausea, vomiting, abdominal
pain, and diarrhea. The third spacing and hemorrhage in the gut can
lead to hypovolemic shock. Cardiac symptoms include ventricular
tachycardia (QT prolongation) and congestive heart failure (CHF).
These patients can develop seizures, cerebral edema, encephalopa-
thy, and coma. Early on, patients develop loss of deep tendon
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11.4

reflexes, paralysis, painful dysesthesias, and respiratory failure similar
to Guillain-Barré syndrome. Fever, anemia, alopecia, hepatitis, and
renal failure also can be seen.

B. Fat-soluble compounds can be transmitted transplacentally (but
benzene would be unusual). Parents’ work clothes can transmit
potentially hazardous compounds. Arts and crafts supplies likely do
not contain asbestos. Vehicular emissions are responsible for a num-
ber of pollutants, many of which are carcinogens, but iron intoxica-
tion would be unusual. Pencil “lead” is actually graphite (carbon)

and not elemental lead.

Organophosphate poisoning is the leading cause of nonpharmacologic
ingestion fatality in the United States.
The mnemonic “dumb bells” outlines the signs and symptoms of cholinergic

excess.
Therapy for organophosphate toxicity includes supportive care and use of

either atropine or pralidoxime.
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Case 12

A mother brings her 8-year-old daughter to your office because she has

«

noticed a “yellowish” stain on her daughter’s panties. The mother
reports the girl recently started using many sexually explicit words, her
grades have dropped significantly, and she has become quiet and reluc-
tant to interact. When interviewed alone, the child begins crying and
states that her mother’s boyfriend touches her “private with his private
part.” The child’s physical examination is normal, except for a yellow-
ish vaginal discharge and erythema of the perihymenal tissue. A wet
mount microscopic examination is negative for trichomonads, bacterial
vaginosis, and yeast. A nucleic acid amplification test (NAAT) from the
vagina is negative for Chlamydia trachomatis but is positive for Neisseria

gonorrhoeae.

» What is the best management for this condition?

» What is your next step in the evaluation?
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ANSWERS TO CASE 12:

Sexual Abuse

Summary: An 8-year-old girl has a positive NAAT for N gonorrhoeae. She dis-
closed that her mother’s boyfriend sexually abused her.

> Best management: Confirm the test result by performing a second test
(either a true culture for N gonorrhoeae or a second NAAT that targets a
different portion of the organism’s genome) and then administer treat-
ment in the form of a single dose of ceftriaxone 125 mg intramuscularly.

» Next step: A blood test for human immunodeficiency virus (HIV) antibody
and rapid plasma reagin (RPR) for syphilis should be obtained. Children’s
Protective Services and/or law enforcement must be notified.

ANALYSIS

Objectives

1. Know how to approach the medical evaluation of a child who complains
that she has been sexually abused.

2. Know that most children who are sexually abused have no physical find-
ings of abuse.

3. Be familiar with the different diagnostic testing methods for chlamydia and
gonorrhea.

Considerations

Nucleic acid amplification tests (NAATs) are highly sensitive and specific tests
commonly used to detect infections caused by C trachomatis and N gonorrhoeae.
The gravity of these diagnoses in children dictates confirmation of a positive
test with either a true culture or a second NAAT that targets a different por-
tion of the organism’s genome. Consultation with a child abuse pediatrician
or pediatric infectious disease specialist is also recommended in these cases.

Transmission of N gonorrhoeae occurs only via sexual contact. Therefore, a
confirmed diagnosis indicates that this child was sexually abused. An attempt to
identify when the last sexual contact is thought to have occurred is important
because periodic testing for HIV and syphilis is indicated for at least 6 months.
[t is important to determine if this child’s home environment is safe. Children’s
Protective Services and law enforcement officials generally work in tandem to
ensure the safety of the child and to perform criminal investigations of child sex-
ual abuse. Child abuse specialists can help coordinate this child’s care and pro-
vide assistance in medical management.
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APPROACHTO

DEFINITIONS

SEXUAL ABUSE: Sexual activity in which a child engages but which the
child cannot comprehend, cannot give consent to, or is not developmentally
prepared for; or sexual activity that is a violation of the law or societal taboos.
Coercion, power imbalance, or a significant age gap may be present.

NUCLEIC ACID AMPLIFICATION TEST (NAAT): A nonculture method
that may be used on swab or urine specimens to test for C trachomatis and
N gonorrhoeae.

CLINICAL APPROACH

It is estimated that by age 18 years, one in four women and one in six men in
the United States are victims of sexual abuse. Abuse can be noncontact
(exhibitionism, voyeurism, pornography) or contact (fondling, anogenital
contact). Most victims of sexual abuse know their abusers; they may be
family members, friends, or acquaintances.

Supportive and sensitive history taking, detailed documentation of the child’s
disclosure, and careful examination are imperative. More than three quarters of
sexually abused children have no sign of physical trauma on examination (in
part because anogenital area tissues heal rapidly and often without scarring), and
even fewer have a sexually transmitted disease (STD). When injury does occur,
it may be nonspecific (erythema); occasionally there are signs of penetrating
trauma, such as a tear of the posterior hymen (ie, between the 3 and 9 o’clock
positions) or a deep tear into the anal muscle. If the suspected abuse occurred
near the time of medical evaluation (eg, within approximately 72 hours),
forensic evidence may be available from the child’s body or the clothing worn
at the time of the assault. An “evidence collection kit” is used for such spec-
imen collection; contents are kept in police laboratories and are analyzed if
legal proceedings require.

Pediatric sexual assault victims are tested for sexually transmissible diseases
(chlamydia, gonorrhea, trichomonas, HIV, and syphilis) whenever anal-genital,
genital-genital, or oral-genital contact has occurred. Historically, true cultures
for chlamydia and gonorrhea have been preferred in prepubertal children and
nonsexually active teens because of their high specificities. However, it may be
desirable to perform a more sensitive NAAT. Because of its potential implica-
tions, a positive NAAT result for a prepubertal child or nonsexually active teen
must be confirmed with either a culture or a second NAAT that amplifies a dif-
ferent gene sequence. In the acute setting, prophylactic STD and pregnancy



112

CASE FILES: Pediatrics

medications may be indicated. All sexual abuse victims require psychological
support. Social workers can be helpful in identifying and mitigating stressors
in the child’s environment.

Comprehension Questions

12.1 A developmentally delayed 18-year-old adolescent female tells her
mother that someone at her day care facility has been “messing with
her.” The mother brings her to you for evaluation for sexual abuse.
Which of the following statements about this child’s possible sexual
abuse is more likely to be accurate?

A.

o

This developmentally delayed girl is at a lower risk for abuse than
a developmentally appropriate child.

B. This girl was most likely sexually abused by a stranger.
C.

If this child is a victim of chronic sexual abuse, physical evidence
is unlikely.
Most children, like this girl, immediately disclose their sexual abuse.
If this nonsexually active adolescent develops a culture positive for
chlamydia or gonorrhea, a nonsexual mode of transmission must
be sought.

12.2 An 18-month-old boy is brought to clinic by his father because the
child has perianal “skin tags.” The child lives with his mother and
father, and the father reports no history of potential sexual abuse. The
mother has a 15-year history of venereal warts. Examination reveals
cauliflower-like warts in the perianal area. Which of the following is
the most likely cause of this finding?

A.

MO0

Condyloma acuminata (human papillomavirus [HPV]) acquired at
sexual abuse

Condyloma acuminata (HPV) acquired from birth

Herpes type |

Herpes type 11

Molluscum contagiosum
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12.3

12.4

A 7-year-old girl has itching for 1 week in her “front and back private
parts.” She has no history of skin disorders. She has not changed her
soap, clothes washing detergents, or clothing. She states that no one
has touched her inappropriately in her private places. The mother
reports that her daughter’s appetite has decreased over the past month,
and she occasionally complains of abdominal pain. Examination is
normal except for some mild perianal erythema. Which of the follow-
ing is the most likely cause of her problem?

A. Eczema

B. Gonorrhea

C. Lichen sclerosus

D. Pinworms

E. Psoriasis

A 9-year-old boy has bright red rectal bleeding off and on for a few
months. He has a history of constipation and intermittent encopresis.
He denies inappropriate touching in the area. Upon examination, the
child’s anus has lost its stellate pattern and its tone. He has three deep
fissures in the anus and a scar at 8 o’clock. Which of the following is
a likely cause of the boy’s findings?

. Constipation

Eczema

Hemorrhoids

Hirschsprung disease

Penetrating anal trauma

MO0 ® >

ANSWERS

12.1

C. Many girls abused over time neither report the abuse nor show
physical evidence of penetrating vaginal trauma. Physical complaints
that sometimes are associated with sexual abuse include dysuria, enure-
sis, frequent urinary tract infections (UTIs), genital irritation and
itching, vaginal or penile discharge, vaginal bleeding, genital or anal
pain, abdominal pain, and encopresis. Nonspecific behavioral find-
ings may include nightmares, sleep disorders, developmentally inap-
propriate sexual behaviors, regressive behaviors, eating disorders,
acting out aggressively, poor school performance, and poor peer rela-
tionships. The list of alternative diagnoses includes dermatologic con-
ditions, nonsexual trauma, constipation, vaginal foreign bodies,
psychosocial stressors, and psychiatric illness. In most cases, the per-
petrator of sexual abuse is known to the victim. Developmentally
delayed children are at higher risk. Except in cases of vertical trans-
mission, Chlamydia and gonorrhea are diagnostic of sexual contact.
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12.2

12.3

12.4

B. Anal condylomata in children younger than age 3 years are often
acquired at birth through direct contact with genital condylomata in
the birth canal. A full history is important to determine the risk of
abuse versus the risk of acquiring the infection at birth.

D. Pinworms cause intense itching, loss of appetite, and episodic
abdominal pain; humans are the only natural host (see also Case 38).
Viewing under a microscope adhesive tape placed over the anus can
identify the worm’s eggs (and, less likely, a tiny, threadlike worm).
Treatment usually consists of a single dose of mebendazole, which is
repeated in 2 weeks. Family members who sleep in the child’s bed
also are treated. Bed clothes are washed at the time of treatment
because ova can remain viable for 2 to 3 weeks in moist environ-
ments. Eczema could involve more than just the perianal region.

E. Repeated penetrating anal trauma causes loss of stellate pattern of
the anus, loss of tone, and deep fissures. Constipation would be less
likely to cause such dramatic findings. Sexual abuse must be sus-
pected, and further history is indicated.

)

It is estimated that by age 18 years, one in four women and one in six men
in the United States are victims of sexual abuse.

Most victims of sexual abuse know their abusers; they may be family mem-
bers, friends, or acquaintances.

Most sexually abused children have no physical signs of abuse.

Careful attention must be paid to the method of testing for chlamydia and
gonorrhea in children; serologies for human immunodeficiency virus and
syphilis should be periodically checked until at least 6 months have
elapsed following the assault.
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Case 13 =

A 4-year-old child complains of ear pain. He has a temperature of
102.1°F (38.9°C) and has had a cold for several days, but he has been

eating well and his activity has been essentially normal.

» What is the most likely diagnosis?

> What is the best therapy?
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ANSWERS TO CASE 13:

Acute Otitis Media

Summary: A toddler presents with ear pain and fever.
> Most likely diagnosis: Acute otitis media (AOM)

> Best therapy: Oral antibiotics

ANALYSIS

Objectives

1. Be familiar with the epidemiology of otitis media (OM) in children.
2. Understand the treatment option for this condition.
3. Learn the consequences of severe infection.

Considerations

Oritis media is high on the differential diagnosis for this child with upper res-
piratory infection (URI) and ear pain. The diagnosis can be confirmed by
pneumatic otoscopy and treatment started. A “telephone diagnosis” should be
avoided. Figure 13—1 illustrates the anatomy of the middle ear.
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Figure 13-1.  Anatomy of the middle ear. (Redrawn, with permission, from Rudolph CD,
Rudolph AM, Hostetter MK, Lister G, Siegel NJ, eds. Rudolph's Pediatrics. 21st ed. New York,
NY: McGraw-Hill; 2003:1240.)
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APPROACHTO

DEFINITIONS

ACUTE OTITIS MEDIA (AOM): A condition of otalgia (ear pain), fever, and
other symptoms along with findings of a red, opaque, poorly moving, bulging
tympanic membrane (TM).

MYRINGOTOMY AND PLACEMENT OF PRESSURE EQUALIZATION
TUBES: A surgical procedure involving TM incision and placement of pressure
equalization (PE) tubes (tiny plastic or metal tubes anchored into the TM) to
ventilate the middle ear and help prevent reaccumulation of middle ear fluid.

OTITIS MEDIA WITH EFFUSION: A condition in which fluid collects
behind the TM but without signs and symptoms of AOM. Sometimes called
serous OM.

PNEUMATIC OTOSCOPY: The process of obtaining a tight ear canal seal
with a speculum and then applying slight positive and negative pressure with
a rubber bulb to verify TM mobility.

TYMPANOCENTESIS: A minor surgical procedure in which a small incision
is made into the TM to drain pus and fluid from the middle ear space. This
procedure is rarely done in the primary care office, but rather is done by the
specialist.

CLINICAL APPROACH

Otitis media is a common childhood diagnosis. Common bacterial pathogens
include Streptococcus pneumoniae, nontypeable Haemophilus influenzae,
and Moraxella catarrhalis. Other organisms, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa, are seen in
neonates and patients with immune deficiencies. Viruses can cause AOM,
and in many cases the etiology is unknown. Acute OM is diagnosed in a child
with fever (usually <104°F [40°C]), ear pain (often nocturnal awakening
child from sleep), and generalized malaise. Systemic symptoms include
anorexia, nausea, vomiting, diarrhea, and headache. Examination findings
include a red, bulging TM that does not move well with pneumatic oto-
scopy. The TM may be opaque with pus behind it, the middle ear landmarks
may be obscured, and, if the TM has ruptured, pus may be seen in the ear
canal. Normal landmarks are shown in Figure 13-2.

Depending on a community’s bacterial resistance patterns, amoxicillin at
doses up to 80 to 90 mg/kg/d for 7 to 10 days is often the initial treatment. If clin-
ical failure is noted after 3 treatment days, a change to amoxicillin-clavulanate,



118 CASE FILES: Pediatrics

Figure 13-2. The tympanic membrane. Reproduced, with permission, from Rudolph
CD, Rudolph AM, Hostetter MK, Lister G, Siegel NJ, eds. Rudolph’s Pediatrics. 21st ed. New
York, NY: McGraw-Hill; 2003:1240.

cefuroxime axetil, azithromycin, cefixime, ceftriaxone, or tympanocentesis is
considered. Adjuvant therapies (analgesics or antipyretics) are often indi-
cated, but other measures (antihistamines, decongestants, and corticos-
teroids) are ineffective.

After an AOM episode, middle ear fluid can persist for up to several
months. If hearing is normal, middle ear effusion often is treated with obser-
vation; some practitioners treat with antibiotics. When the fluid does not
resolve or recurrent episodes of suppurative OM occur, especially if hear-
ing loss is noted, myringotomy with PE tubes is often used.

Rare but serious OM complications include mastoiditis, temporal bone
osteomyelitis, facial nerve paralysis, epidural and subdural abscess formation,
meningitis, lateral sinus thrombosis, and otitic hydrocephalus (evidence of
increased intracranial pressure with OM). An AOM patient whose clinical
course is unusual or prolonged is evaluated for one of these conditions.
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Comprehension Questions

13.1

13.2

13.3

An 8-year-old boy has severe pain with ear movement. He has no
fever, nausea, vomiting, or other symptoms. He has been in good
health, having just returned from summer camp where he swam, rode
horses, and water-skied. Ear examination reveals a somewhat red
pinna that is extremely tender with movement, a very red and swollen
ear canal, but an essentially normal TM. Which of the following is the
most appropriate next course of therapy?
. Administration of topical mixture of polymyxin and corticosteroids
High-dose oral amoxicillin
. Intramuscular ceftriaxone
. Intravenous vancomycin
Tympanocentesis and culture

Mo 0w >

Three days after beginning oral amoxicillin therapy for OM, a 4-year-
old boy has continued fever, ear pain, and swelling with redness
behind his ear. His ear lobe is pushed superiorly and laterally. He seems
to be doing well otherwise. Which of the following is the most appro-
priate course of action?

A. Change to oral amoxicillin-clavulanate

B. Myringotomy and parenteral antibiotics

C. Nuclear scan of the head

D. Topical steroids

E. Tympanocentesis

A 5-year-old girl developed high fever, ear pain, and vomiting 1 week
ago. She was diagnosed with OM and started on amoxicillin-clavulanate.
On the third day of this medication she continued with findings of OM,
fever, and pain. She received ceftriaxone intramuscularly and switched
to oral cefuroxime. Now, 48 hours later, she has fever, pain, and no
improvement in her OM; otherwise she is doing well. Which of the fol-
lowing is the most logical next step in her management?

. Addition of intranasal topical steroids to the oral cefuroxime
Adenoidectomy

High-dose oral amoxicillin

Oral trimethoprim-sulfamethoxazole

Tympanocentesis and culture of middle ear fluid

MO0 ® >
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13.4 A I-month-old boy has a fever to 102.7°F (39.3°C), is irritable, has

diarrhea, and has not been eating well. On examination he has an
immobile red TM that has pus behind it. Which of the following is the
most appropriate course of action?

. Admission to the hospital with complete sepsis evaluation
Intramuscular ceftriaxone and close outpatient follow-up

Oral amoxicillin-clavulanate

Oral cefuroxime

High-dose oral amoxicillin

SEvER-IES

ANSWERS

13.1

13.2

13.3

13.4

A. The patient likely has an otitis externa that was caused by his
swimming (also known as swimmer’s ear). Treatment is the applica-
tion of a topical agent as described. Insertion of a wick may assist in
excess fluid absorption in the macerated ear canal. Causative organ-
isms include Pseudomonas species (or other gram-negative organisms),
S aureus, and occasionally fungus (Candida or Aspergillus species).

B. The child has mastoiditis, a clinical diagnosis that can require
CT scan confirmation. Treatment includes myringotomy, fluid cul-
ture, and parenteral antibiotics. Surgical drainage of the mastoid air
cells may be needed if improvement is not seen in 24 to 48 hours.

E. After failing several antibiotic regimens, tympanocentesis and
culture of the middle ear fluid are indicated.

A. Very young children with OM (especially if irritable or lethargic) are
at higher risk for bacteremia or other serious infection. Hospitalization
and parenteral antibiotics often are needed.
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[ |

The most common bacterial pathogens causing otitis media (OM) are
S pneumoniae, nontypeable H influenzae, and M catarrhalis.

Examination findings of otitis media include a red, bulging tympanic mem-
brane that does not move well with pneumatic otoscopy, an opaque tym-
panic membrane with pus behind it, obscured middle-ear landmarks, and,
if the tympanic membrane has ruptured, pus in the ear canal.

Initial treatment of otitis media often includes amoxicillin (depending on
local rate of resistant S pneumonia). If a clinical failure is seen on day 3, a
change to amoxicillin-clavulanate, cefuroxime axetil, ceftriaxone, or a tym-
panocentesis is indicated.

Complications are rare but include mastoiditis, temporal bone osteomyelitis,
facial nerve palsy, epidural and subdural abscess formation, meningitis, lat-
eral sinus thrombosis, and otitic hydrocephalus.
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Case 14

You are called stat to the delivery room because a now 2-minute-old
infant was born floppy and blue and has not responded well to stimula-
tion and blow-by oxygen. The obstetrician who is resuscitating the infant
informs you that the child was born by a spontaneous vaginal delivery
to a 24-year-old gravida 1 woman. Her pregnancy was uncomplicated.
Fetal heart tones were stable throughout the labor. Spinal anesthesia
was partially effective and was supplemented with intravenous (IV)
meperidine (Demerol) and promethazine (Phenergan). The amniotic
fluid was not bile-stained, and the mother had no evidence of intraam-

niotic infection.

» What is the next step?
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ANSWER TO CASE 14:

Neonatal Resuscitation

Summary: A newborn is born floppy, blue, and has responded poorly to initial
resuscitation efforts.

» Next step: Evaluate for heart rate (HR) and respirations. If no respirations
are found or if HR is less than100 bpm (beats/min), initiate positive-
pressure ventilation (PPV) by bag and mask. Because this mother received
meperidine during the labor process, naloxone (Narcan) administration is
an important step in resuscitation.

ANALYSIS

Objectives

1. Understand the steps of newborn delivery room resuscitation.
2. Become familiar with use of the Apgar score.
3. Become familiar with conditions causing newborn transition problems.

Considerations

This depressed infant was born to a healthy mother without prenatal or deliv-
ery complications other than failed epidural anesthesia. PPV was initiated and
naloxone administered. The provider must appreciate the timing of maternal
meperidine administration and its continued neonatal effects.

APPROACH TO

Neonatal Resuscitation

DEFINITIONS

NARCOSIS: The condition of deep stupor or unconsciousness produced by a
chemical substance such as a drug or anesthesia.

PERINATAL HYPOXIA: Inadequate oxygenation of a neonate that, if severe, can
lead to brainstem depression and secondary apnea unresponsive to stimulation.
POSITIVE-PRESSURE VENTILATION (PPV): Mechanically breathing using
a bag and mask.
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CLINICAL APPROACH

Delivery room resuscitation follows the ABC rules of resuscitation for patients
of all ages: establish and maintain the airway, control the breathing, and main-
tain the circulation with medications and chest compressions (if necessary).

In this case, the meperidine given during labor probably is responsible for
the infant’s apnea and poor respiratory effort. Neonates with narcosis usually
have a good HR response but poor respiratory effort in response to bag-and-
mask ventilation. The therapy for narcotic-related depression is intravenous
(IV), intramuscular (IM), subcutaneous (SQ), or endotracheal administration
of naloxone (Narcan); repeated doses may be required should respiratory
depression recur.

The Apgar score (Table 14-1) is widely used to evaluate a neonate’s tran-
sition from the intra- to extrauterine environment. Scores of 0, 1, or 2 are
given at 1 and 5 minutes of life for the listed signs. The 1-minute score helps
to determine an infant’s well-being, and scores less than 3 historically have
been used to indicate the need for immediate resuscitation. In current prac-
tice HR, color, and respiratory rate (RR) rather than the 1-minute Apgar
score are used to determine this need. The 5-minute score is one indicator of
how successful the resuscitation efforts were. Some continue to measure
Apgar scores beyond the 5-minute period to determine the continued effects
of resuscitation efforts. The Apgar score alone cannot determine neonatal
morbidity or mortality.

Table 14-1 APGAR EVALUATION OF A NEWBORN

SIGN 0 1 2
Heart rate Absent <100 bpm >100 bpm
Respiratory effort Absent Slow, irregular Good, crying
Muscle tone Limp Some flexion of Flexed, active
extremities motion
Reflex irritability No response Grimace Cough or sneeze
(response to
catheter in nose)
Color Blue, pale Body pink, acrocyanosis Completely pink
(extremities blue)
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Comprehension Questions

14.1

14.2

14.3

14.4

A girl is born via stat cesarean section to a 34-year-old mother whose
pregnancy was complicated by hypertension and abnormal fetal heart
monitoring. At delivery she is covered in thick, green meconium and
is limp, apneic, and bradycardic. Which of the following is the best
first step in her resuscitation?

. Administer IV bicarbonate.

Administer IV naloxone.

Initiate bag-and-mask ventilation.

Initiate chest compressions immediately.

SECNOR-IES

Intubate with an endotracheal tube and suction meconium from
the trachea.

A term male is delivered vaginally to a 22-year-old mother. Immediately
after birth he is noted to have a scaphoid abdomen, cyanosis, and respi-
ratory distress. Heart sounds are heard on the right side of the chest, and
the breath sounds seem to be diminished on the left side. Which of the
following is the most appropriate next step in his resuscitation?

A. Administer IV bicarbonate.

B. Administer IV naloxone.

C. Initiate bag-and-mask intubation.

D. Initiate chest compressions immediately.

E. Intubate with an endotracheal tube.

A 37-week-gestation boy is born after an uncomplicated pregnancy to a
33.year-old mother. At birth he was lethargic and had a slow HR.
Oxygen was administered via bag and mask, and he was intubated; his
HR remained at 40 bpm. Which of the following is the most appropri-
ate next step!

. Administer [V bicarbonate.

Administer IV atropine.

Administer IV epinephrine.

Administer IV calcium chloride.

Begin chest compressions.

MO0 ® >

A term infant is born vaginally after an uncomplicated pregnancy. She
appears normal but has respiratory distress when she stops crying.
When crying she is pink; when not she makes vigorous respiratory
efforts but becomes dusky. Which of the following is the likely expla-
nation for her symptoms?

. Choanal atresia

Diaphragmatic hernia

Meconium aspiration

Neonatal narcosis

Pneumothorax

OO ® >
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ANSWERS

14.1

14.2

14.3

14.4

E. An attempt is made to remove the meconium from the oropharynx
and the airway prior to initiation of respirations. Ideally, the obstetri-
cian will begin suctioning the meconium upon delivery of the head,
and the pediatrician will further remove meconium with an aspirator
or through endotracheal intubation with suction. Ventilation is initi-
ated after meconium is removed. The goal is to remove airway meco-
nium and to prevent its aspiration into the small airways where
ventilation-perfusion mismatch may occur with deleterious effects.

E. The case describes diaphragmatic hernia. As a result of herniated
bowel contents into the chest, these children often have pulmonary
hypoplasia. Bag-and-mask ventilation will cause accumulation of
bowel gas (which is located in the chest) and further respiratory
compromise. Therefore, endotracheal intubation is the best course of
action.

E. If the HR is still less than 60 bpm despite PPV with 100% oxygen,
then chest compressions are given for 30 seconds. If the HR is still less
than 60 bpm, then drug therapy (usually epinephrine) is indicated.

A. Infants are obligate nose breathers. When crying they can breathe
through their mouth, but they must have a patent nose when quiet.
Choanal atresia is identified by passing a feeding tube through each
nostril or by identification of mist on cold metal held under the
infant’s nose. Should choanal atresia be diagnosed, endotracheal
intubation bypasses the airway obstruction until surgical repair can
be completed.

)

An infant with slow heart rate, poor color, and inadequate respiratory
effort requires immediate resuscitation.

The therapy for narcosis (newborn respiratory depression due to maternal
pain control) is intravenous, intramuscular, subcutaneous, or endotracheal
administration of naloxone (Narcan).

A child with diaphragmatic hernia often presents with immediate respira-
tory distress, scaphoid abdomen, cyanosis, and heart sounds displaced to
the right side of the chest.

Choanal atresia results in respiratory distress when a child stops crying;imme-
diate treatment is intubation until surgical correction can be completed.
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Case 15

A 12-month-old boy whom you have followed since birth arrives for a
well-child visit. The mother is concerned that the baby’s manner of
crawling, where he drags his legs rather than using a four-limbed move-
ment, is abnormal. She says that the child only recently began crawling
and he does not pull to a stand. You noted at his 6-month visit that he
was not yet rolling over nor sitting; previous visits were unremarkable as
was the mother’s pregnancy and vaginal delivery. On examination

today, you note that he positions his legs in a “scissoring” posture when

held by the axillae.

» What is the initial step in the evaluation of this child?
» What is the most likely diagnosis?

» What is the next step in the evaluation?
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ANSWERS TO CASE 15:

Cerebral Palsy

Summary: A 12-month-old boy crawls using primarily his upper extremities,
and holds his legs in a “scissoring” posture when suspended.

> Initial step: Gather detailed history, focusing on developmental questions;
obtain a thorough pregnancy, birth, social, and family histories; and perform
a detailed neurologic examination.

> Most likely diagnosis: Cerebral palsy (CP).

» Next step: Vision and hearing testing, consider a brain magnetic resonance
imaging (MRI) scan, and arrange for therapy with a developmental specialist.

ANALYSIS

Objectives

1. Know the definition of CP.
2. Recognize the classifications of CP.
3. Know the basic therapeutic approach to CP.

Considerations

The spasticity of the baby’s lower extremities described is abnormal and is sug-
gestive of CP. He has gross motor delay. A complete developmental and neu-
rologic assessment is crucial for initiating therapies that will help him achieve
maximal functional outcome. Although often of low yield, an attempt should
be made to identify the etiology of the child’s CP. Knowing the etiology can
aid in developing a treatment plan, in family planning (especially if the eti-
ology is inherited), and in assuaging parental guilt for this child’s condition.

APPROACH TO

Cerebral Palsy

DEFINITIONS

CEREBRAL PALSY (CP): A disorder of movement and posture that results
from an insult to or anomaly of the immature central nervous system (CNS).
This definition recognizes the central origin of the dysfunction, thus distin-
guishing it from neuropathies and myopathies.
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DEVELOPMENTAL DELAY: Failure of a child to reach developmental mile-
stones of gross motor, fine motor, language, and social-adaptive skills at antic-
ipated ages.

NEUROLOGIC DEFICIT: Abnormal functioning or lack of function of a part
of the nervous system.

CLINICAL APPROACH

With a prevalence of at least 1 to 2 cases per 1000 live births, CP is the most
common childhood movement disorder. Approximately one-third of CP
patients also have seizures, and approximately 60% are mentally retarded.
Deafness, visual impairments, swallowing difficulty with concomitant aspira-
tion, limb sensory impairments, and behavioral disturbances are common
comorbidities. The effect of aggressive neonatal medical therapies on CP
prevalence is unclear; improved premature infant outcomes may mitigate the
impact of increased survival of very low-birth-weight infants.

Most children with CP have no identifiable risk factors. Current research
indicates that CP most likely is the result of antenatal insults. Difficulties
during the pregnancy, delivery, and the perinatal period are thought to
reflect these insults and are probably not the primary cause of CP.

Cerebral palsy, or “static” encephalopathy, is the result of a one-time CNS
insult. In contrast, progressive encephalopathies destroy brain function with
time. The term static is misleading, however, because the manifestations of CP
change with age. Contractures and postural deformities may become more severe
with time or may improve with therapy. Also, a child’s changing developmental
stages early in life can alter the expression of his or her neurologic deficits.

Immaturity of the CNS at birth makes diagnosis of CP nearly impossible in
a neonate. If a CNS insult is suspected, head imaging (by ultrasound or MRI)
can be helpful in recognizing CP early. Possible imaging findings include
periventricular leukomalacia, atrophy, or focal infarctions. Beyond infancy, CP
is suspected when a child fails to meet anticipated developmental milestones.

Examples of concerning findings are

¢ A stepping response after age 3 months
¢ A Moro reflex beyond 6 months
¢ An asymmetrical tonic neck reflex beyond 6 months

Cerebral palsy can be classified in terms of physiologic, topographic, or
functional categories. Physiologic descriptors identify the major motor abnor-
mality and are divided into pyramidal (spastic) and extrapyramidal (nonspastic)
categories. Extrapyramidal types can be subdivided further into choreoathetoid,
ataxic, dystonic, or rigid types.

The topographic classification categorizes CP types according to limb
involvement. Hemiplegia refers to involvement of a single lateral side of the
body, with greater impairment of the upper extremities than the lower extrem-
ities. Diplegia describes four-limb involvement, with greater impairment of the
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lower extremities. Spastic quadriplegia is four-limb involvement with signifi-
cant impairment of all extremities, although the upper limbs may be less
impaired than lower limbs. (The term paraplegia is reserved for spinal and
lower motor neuron disorders.)

The functional classification of CP relies on the “motor quotient” to place
patients into minimal, mild, moderate, and severe (profound) categories. The
motor quotient is derived by dividing the child’s “motor age” (ie, motor skills
developmental age) with the chronologic age. A motor quotient of 75 to 100
represents minimal impairment, 55 to 70 mild impairment, 40 to 55 moderate
impairment, and lesser quotients severe impairment. These categories help
clinicians identify children with less obvious impairments so that early treat-
ment can be provided.

The evaluation of CP is based on the history and physical examination.
The yield of diagnostic findings with brain imaging and metabolic or genetic
testing is low but can be helpful in managing the patient, in future family
planning, and in reassuring the parents. Identification of comorbid conditions
includes cognitive testing for mental retardation and electroencephalography
(EEG) for seizures.

Treatment goals include maximizing motor function and preventing sec-
ondary handicaps. During the preschool years, the child’s communication
ability is important. School performance and peer acceptance become impor-
tant issues for older children. Physical therapy for motor deficits may be sup-
plemented with pharmacologic and surgical interventions. Occupational
therapy improves positioning and allows for better interaction with the envi-
ronment and eases care as the child grows. The family’s psychological and
social needs should not be overlooked; children may require extensive physi-
cal and emotional support.
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Comprehension Questions

15.1

15.2

A term infant requires resuscitation after a spontaneous vaginal deliv-
ery. The Apgar scores at 1, 5, and 10 minutes were 2, 7, and 9, respec-
tively. The mother’s medical records show that she received routine
prenatal care with normal prenatal ultrasonogram, triple screen, and
glucose tolerance tests. The nurse tells you that the father seemed very
agitated and mentioned “suing the obstetrician if the baby does not turn
out normal.” Your examination of the baby reveals no abnormalities. In
counseling the family, which of the following is most appropriate?

A. Tell them that your examination findings indicate that everything
is fine.

B. Tell them that the low Apgar scores at 1 and 5 minutes indicate
that the baby suffered perinatal asphyxia.

C. Tell them that because the pregnancy was uncomplicated, any
neurologic deficit that the baby may develop likely can be attrib-
uted to events occurring at delivery.

D. Tell them that your examination findings are reassuring, and that
you will perform a careful developmental assessment at every well-
child visit.

E. Avoid speaking to the parents until you have had a chance to
speak with the obstetrician and to see the cord blood gas results.

A 4-year-old child with CP comes to your clinic for the first time for
a routine visit. He walks with the help of leg braces and a walker, and
his speech is slurred and limited to short phrases. He has never been
hospitalized and he does not have swallowing problems. He began
walking at age 2.5 years, and he is unable to take off his clothes and
use the toilet without help. On examination you find that the boy has
only minimally increased tone in the upper extremities but good fine
motor coordination; he has significantly increased tone and deep ten-
don reflexes in the lower extremities. How would you categorize this
child’s CP?

A. Mild, diplegic

B. Mild, hemiplegic

C. Moderate, diplegic

D. Moderate, quadriplegic

E. Severe, diplegic
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153

154

An infant girl is born via spontaneous vaginal delivery at 28-week ges-
tation because of an incompetent cervix. Which of the following fea-
tures of her clinical course in the neonatal intensive care unit (ICU)
is most likely to correlate with her clinical outcome 5 years from now?
. Administration of surfactant

Apnea of prematurity

Grade 1V intraventricular hemorrhage

Retinopathy of prematurity stage 1 on initial ophthalmologic

o0

examination
E. Umbilical artery catheterization

The parents of a 2-year-old girl, recent immigrants from Guatemala,
bring their child to you for the first time. The child was born at term
after an uncomplicated pregnancy and delivery, and her neonatal
course was uneventful. She sat without support at 6 months of age,
pulled to a stand at 10 months, and walked at 14 months. She has a
10-word vocabulary, is able to drink from a cup, and feeds herself with
a spoon. A previous child in the family died at age 5 years from “heart
trouble.” On physical examination, you note lower extremity contractures,
hand stiffness, somewhat coarse facial features, and hepatosplenomegaly.
The child’s growth is within normal limits, and her examination is other-
wise normal. Which of the following is the most appropriate next step to
diagnose this child’s condition?

. Abdominal computerized tomography (CT)

Brain magnetic resonance imaging (MRI)

Chromosomal analysis

Tests for a storage disorder

Thyroid function studies

OO ® >

ANSWERS

15.1

D. The Apgar score at 1 minute reflects the neonatal environment
immediately prior to birth; the 5-minute score correlates the infant’s
response to resuscitation. The Apgar scores are not an accurate
reflection of morbidity. An examination is a better indicator of the
child’s outcome, but CP cannot be ruled out on the basis of a normal
neonatal physical examination. A discussion of the events of deliv-
ery is best left to the obstetrician; the majority of difficult deliveries
are the result of a previously unidentified antenatal insult. However,
avoidance of the parents will likely only further their anxiety and
may impede your efforts to provide care for the child.
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15.2

153

15.4

C. In diplegia all four extremities are affected, with greater impairment
of the lower extremities. As most children walk by age 14 months, this
child’s motor quotient is 14 months/30 months = 0.47, which classifies
him as moderately impaired.

C. Intraventricular hemorrhage is a complication in preterm infants.
It is associated with seizures, hydrocephalus, and periventricular
leukomalacia. A grade IV bleed involves the brain parenchyma, put-
ting this child at higher risk for neurodevelopmental handicap.

D. The enlarged liver and spleen, the coarse facies, and the history
of death in a previous child from “heart trouble” point to a storage
disorder. Her joint contractures and hand stiffness may be explained
by an abnormal metabolism rather than a CNS deficit as in CP.

W

Cerebral palsy is a disorder of movement or posture resulting from an insult
to, or an anomaly of, the central nervous system.

Most children with cerebral palsy have no identifiable risk factors for the
disorder.

Optimal treatment plans for cerebral palsy use a multidisciplinary
approach.
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Case 16

A 5-year-old girl comes to your clinic for the first time with complaints
of fever, malaise, and a cough for 2 days. She has a history of asthma for
which she uses a steroid inhaler daily and an albuterol inhaler as needed.
She has been tried on various over-the-counter cold and allergy reme-
dies, but her respiratory symptoms have been worsening over the past
several months. Her past medical history is notable for an episode of rec-
tal prolapse and “sinusitis” during each of the past two winter seasons.
Her mother also reports that her daughter has “always been small for her
age.” Your examination reveals a moderately ill-appearing child whose
height and weight are at the fifth percentile for age. Her temperature is
101°F (38.3°C) and respiratory rate 32 breaths/min. She has scant puru-
lent rhinorrhea bilaterally, wheezy breath sounds in all lung fields, and
diminished breath sounds on the right side. Heart sounds and capillary

refill are normal, yet she has digital clubbing.

> What is the diagnostic approach in the evaluation of this child?
» What is the most likely diagnosis?

> What is the next step in evaluation?
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ANSWERS TO CASE 16:

Summary: A small-appearing, 5-year-old girl previously diagnosed with asthma,
rectal prolapse, and sinusitis presents with fever, scant purulent rhinorrhea,
abnormal breath sounds, and digital clubbing.

> Diagnostic approach: Gather perinatal, past medical, family, and dietary
histories, and a thorough systems review. Plot the child’s height and weight
on a standard growth curve.

> Most likely diagnosis: Cystic fibrosis (CF).

> Next step in evaluation: Obtain a chest radiograph and perform a sweat
chloride test.

ANALYSIS

Objectives

1. Know the historical clues and physical signs to distinguish CF from more
common conditions.

2. Know how to accurately diagnose CE

3. Have a basic understanding of the implications and limitations of genetic
testing for CE

Considerations

A careful review of this child’s frequency and severity of respiratory symptoms,
response to medications, and general health is warranted. Her small size and
digital clubbing (unusual findings for asthma) suggest alternative diagnoses
for her respiratory problems. Recurrent sinusitis is uncommon in young chil-
dren because their nasal passages are not fully pneumatized; this girl likely was
incorrectly diagnosed or has an underlying, predisposing condition for this
problem.
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APPROACHTO

DEFINITIONS

CLUBBING: Increase in the angle between the nail and nail base of 180° or
greater, and softening of the nail base to palpation. Although the condition
can be familial, clubbing is uncommon in children, usually indicating chronic
pulmonary, hepatic, cardiac, or gastrointestinal disease.

CYSTIC FIBROSIS (CF): The major cause of chronic debilitating pulmonary
disease and pancreatic exocrine deficiency in the first three decades of life. It
is characterized by the triad of chronic obstructive pulmonary disease, pan-
creatic exocrine deficiency, and abnormally high sweat electrolyte concentra-
tions. Characteristic pancreatic changes give the disease its name.

CLINICAL APPROACH
Cystic fibrosis (CF) afflicts 1 of 3300 whites, 1 of 16,300 African Americans,

and 1 of 32,100 Asian Americans. It almost always involves the respiratory
tract; most patients develop bronchiectasis by age 18 months, although some
may not experience respiratory difficulty for several years. Children are com-
monly misdiagnosed as asthmatic, but a careful history and physical examina-
tion ultimately demonstrates clues of CE Persistent bronchial obstruction
from impaired mucus secretion predisposes patients to secondary bacterial
infection, which leads to a cycle of inflammation, tissue damage, further
obstruction, and chronic infection. Bacterial pneumonia is initially caused by
Staphylococcus aureus, and then by Pseudomonas aeruginosa. Most patients with
advanced disease harbor heavy, slime-producing mucoid variants of P aeruginosa,
rarely found in other conditions. Once established, these bacteria are virtually
impossible to eradicate. Colonization with Burkholderia cepacia may be associ-
ated with rapid clinical deterioration.

Airway reactivity is present in 50% of patients, but bronchodilator response
is unpredictable and varies. Pneumothorax, hemoptysis, and cor pulmonale are
frequent complications with advanced disease; pulmonary problems ultimately
cause respiratory and cardiac failure. Chronic nasal congestion and sinus opaci-
fication is common, but acute sinusitis occurs infrequently. Children with CF
may develop nasal polyps, with resultant nasal obstruction, headaches, and
mouth breathing.

Children with CF grow poorly due to maldigestion from exocrine pancre-
atic insufficiency. They may have abdominal distention, rectal prolapse, subcu-
taneous fat and muscle tissue deficiency, and frequent passage of oily, malodorous
stools; these stools predispose to obstruction, volvulus, or intussusception.
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Fatty liver infiltration or focal biliary cirrhosis occurs in many CF
patients. Hepatomegaly, esophageal varices, and hypersplenism caused by por-
tal hypertension develop in a small proportion of teens; neonates may have
prolonged jaundice. Gallbladder disease is common in adults. Abdominal
pain is relatively common. Other symptoms are azoospermia, enlarged sub-
maxillary glands, osteoarthropathy, and a “salty taste” on the skin (due to
eccrine sweat gland dysfunction). Patients and their families require extensive
psychosocial support.

The diagnosis of CF is usually based on a positive sweat test in conjunction
with one of the following: typical chronic obstructive pulmonary disease, doc-
umented exocrine pancreatic insufficiency, and/or a positive family history.
Persons with CF have elevated sweat electrolyte concentrations because of
abnormalities in the CF transmembrane conductance regulator (CFTR)
protein. Appropriate technique is important when attempting to measure
sweat chloride in infants, in whom the collection of an adequate sweat quan-
tity may be difficult. Elevated sweat electrolyte levels (false positives) have
been reported in conditions such as anorexia nervosa, hypothyroidism, and
nephrogenic diabetes insipidus. False-negative results can occur in CF patients
with edema and hypoproteinemia. Because the implications of false test results
are great, sweat testing is most appropriately obtained when a reasonable clin-
ical suspicion of CF exists (see Table 161 for indications) and repeated when
the initial test results are in doubt.

Genetic CF testing may be used when CF is suspected but the results of
sweat testing are negative or equivocal. Disease is caused by long arm of chro-
mosome 7 mutations, the most common being a single phenylalanine dele-
tion at amino acid 508 (A508). Available tests detect more than 90% of
individuals who carry two CF gene mutations; some children have only one
or no detectable mutations by this methodology.

Because research demonstrates that newborn screening improves nutri-
tional status, growth, and reduces hospitalizations, routine testing for CF is
now performed for all newborns in most states in the United States. The
blood spot screening test detects the pancreatic enzyme immunoreactive
trypsinogen (IRT), which is elevated in infants with CE Second-tier testing
for samples with high IRT levels relies on a second IRT test or DNA testing.
Infants with positive results on the newborn screen undergo sweat chloride
testing for definitive confirmation. False-negative results are possible with the
IRT newborn screen, so infants with symptoms suggestive of CF (such as
meconium ileus) should undergo further testing even if newborn screen
results are negative.

Long-term management of CF patients is best coordinated by experienced
pediatric pulmonary specialists and includes minimizing airway reactivity
and infections, optimizing nutritional status, and providing ongoing psy-
chosocial support. The prognosis varies depending on disease severity. Infants
with severe lung disease can die in early childhood, but most patients reach
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Table 16-1 INDICATIONS FOR SWEAT TESTING

GASTROINTESTINAL

Chronic diarrhea

Steatorrhea

Meconium ileus or plug syndrome

Rectal prolapse

Cirrhosis/portal hypertension

Prolonged neonatal jaundice

Pancreatitis

Deficiency of fat-soluble vitamins (especially A, E, K)

RESPIRATORY TRACT

Upper

* Nasal polyps

* Pansinusitis on radiographs

Lower

* Chronic cough

* Recurrent “wheezing” bronchiolitis

* Recurrent or intractable asthma

* Obstructive pulmonary disease

* Staphylococcal pneumonia

* Pseudomonas aeruginosa (especially mucoid) from throat, sputum, or bronchoscopy
cultures

OTHER

Digital clubbing

Family history of cystic fibrosis

Failure to thrive

Hyponatremic, hypochloremic alkalosis

Severe dehydration or heat prostration incompatible with history
“Tastes salty”

Male infertility

Reproduced, with permission, from Rudolph CD, Rudolph AM, Hostetter MK, Lister G, Siegel NJ, eds.
Rudolph’s Pediatrics. 21st ed. New York, NY: McGraw-Hill; 2003:1973.

adolescence or adulthood. Mean survival for persons with CF now exceeds
35 years. Male survival is slightly longer than female, for reasons that are poorly
understood; children from socioeconomically disadvantaged homes have a
poorer prognosis.



142

CASE FILES: Pediatrics

Comprehension Questions

16.1

16.2

16.3

A term infant delivered vaginally develops vomiting and abdominal
distention at age 10 hours. No stool passage has been noted. An
abdominal radiograph shows distended bowel loops and a “bubbly”
pattern in a portion of intestine; the colon is narrow. Which of the fol-
lowing should you tell the parents?

A.

B.

E.

You would like to consult a pediatric surgeon because you suspect
that their child has Hirschsprung disease.

The child most likely has necrotizing enterocolitis, a condition
more commonly seen in premature infants. Therefore you question
the child’s supposed gestational age.

You are concerned about the possibility of meconium ileus and
would like to obtain some family history.

You believe that the child simply is constipated and would like to
change to a soy-based formula to see whether the baby tolerates
this better.

The child’s symptoms and radiograph findings most likely are normal.

Appropriate clinical management of the patient in Question 16.1
includes which of the following?

A.

B.

C.

D.

E.
A

Change from enteral to intravenous feeds; obtain genetics consul-
tation for the next morning.

Change from enteral to intravenous feeds, obtain a blood culture,
and initiate antibiotics.

Change from enteral to intravenous feeds and obtain a STAT
pediatric surgery consultation.

Change from cow’s milk to soy-based infant formula and continue
to observe the infant.

Do not change your current management.

10-year-old boy has a history of recurrent sinusitis and multiple

episodes of pneumonia. A sweat electrolyte test result is within the
normal range. Your differential diagnosis now includes atopy, primary
ciliary dyskinesia, and which of the following?

MO0 ® >

. Tuberculosis

Chronic granulomatous disease
Coccidioidomycosis

Cystic fibrosis

Severe combined immunodeficiency
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16.4

A 2-month-old infant arrives with bulging of his anterior fontanelle.
He is fussy, refuses to nurse or to take a bottle, and has vomited once
en route to the hospital. He has had no fever. Computerized tomo-
graphic (CT) scan of the head is negative for trauma or tumor. In addi-
tion to meningitis, your differential diagnosis should include which of
the following?

. Colic

Intussusception

Sinusitis

Pneumonia

Vitamin A excess

RN IS

ANSWERS

16.1

16.2

16.3

16.4

C. Meconium ileus, inspissated meconium obstructing the distal
ileum, is thought to be caused by deficiency of proteolytic enzymes.
Obstruction begins in utero, resulting in underdevelopment of distal
lumina. It almost always is associated with CE Intestinal atresia and
Hirschsprung disease (congenital aganglionic megacolon) cause sim-
ilar clinical pictures, but the radiographic findings for this child are
most consistent with meconium ileus. Necrotizing enterocolitis also
causes emesis and abdominal distension but occurs primarily in
extremely low-birth-weight infants (ie, <1000 g); the colon would be
expected to be of normal size. Constipation is not consistent with
this baby’s clinical picture or the described radiographic picture.

C. Meconium ileus is a surgical emergency, as volvulus and perfora-
tion peritonitis are not uncommon complications.

D. CF cannot be ruled out (false-negative test results); the sweat
chloride test should be repeated and/or other CF diagnostic modali-
ties considered. Bronchiectasis and chronic sinusitis are characteris-
tic of ciliary dyskinesia syndromes. If associated with visceral situs
inversus, the diagnosis of Kartagener disease is given. Sinusitis is not
a common complaint among patients with tuberculosis, chronic
granulomatous disease, or coccidioidomycosis. In addition to severe
pulmonary infections, chronic diarrhea and wasting dominate the
clinical picture in children with severe combined immunodeficiency.

E. Malabsorption of fats and protein are major causes of morbidity
for patients with CE In addition to carefully planned diets, most
children with CF take supplements of the fat-soluble vitamins D, E,
K, and A. Disorders of vitamin A metabolism can result in pseudo-
tumor cerebri (increased intracranial pressure), which cause
headache, vomiting, and neurologic abnormalities. Thus, a bulging
fontanelle may be the presenting sign of CF in an infant.
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Cystic fibrosis (CF) involves a defect in mucus secretion and eccrine sweat
gland function, resulting in various visceral lumina obstructions and exces-
sive electrolyte secretion.

Extrapulmonary signs and symptoms, such as digital clubbing, recurrent
sinusitis, growth retardation, and fat malabsorption, are clues to the diag-
nosis of cystic fibrosis.

A negative sweat chloride test result does not preclude cystic fibrosis.
Meconium ileus in the newborn period is nearly pathognomonic for cystic
fibrosis.
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Case 1/ e

A mother brings her previously healthy 6-year-old son to your clinic
because he has been limping and complaining of left leg and knee pain
for 1 week. He has experienced no recent trauma, and his past medical
history is unremarkable. His physical examination reveals a temperature
of 100°F (37.8°C) orally with no lower extremity swelling, misalignment,
or weakness. He has tenderness over the right knee, hepatosplenomegaly,

and petechiae on his cheeks and chest.

» What is the most likely diagnosis?

» What is the next step in the evaluation?
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ANSWERS TO CASE 17:

Acute Lymphoblastic Leukemia

Summary: A 6-year-old boy with a 1-week history of leg pain and limping. He
has a low-grade fever, hepatosplenomegaly, and petechiae on his face and
chest.

> Most likely diagnosis: Acute lymphoblastic leukemia (ALL).

> Next step in the evaluation: Complete blood count with platelets and
differential.

ANALYSIS

Objectives

. Describe the clinical manifestations of ALL.
. Describe the laboratory and radiologic tests used in diagnosing ALL.
. Know the treatment plan for a child with newly diagnosed ALL.

. Understand the long-term survival and follow-up issues for children with
ALL.

S W =

Considerations

This patient has several manifestations of ALL, including leg and joint pain,
fever, petechiae, and hepatosplenomegaly. Most of the signs and symptoms of
ALL result from either replacement of normal bone marrow components with
clonal proliferation of a single lymphoblast that has undergone malignant
transformation, or from infiltrates of extramedullary sites by these malignant
lymphoid cells. Rapid diagnosis and referral to a pediatric cancer center can
increase survival.

APPROACH TO

Acute Lymphoblastic Leukemia

DEFINITIONS

EXTRAMEDULLARY: Areas of the body outside of the bone marrow.
GRANULOCYTOPENIA: A reduction in total circulating leukocytes.
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LYMPHOBLAST: A large, primitive, undifferentiated precursor cell not nor-
mally seen in the peripheral circulation.

PANCYTOPENIA: A reduction in circulating erythrocytes, leukocytes, and
platelets.

THROMBOCYTOPENIA: A reduction in circulating platelets.

CLINICAL APPROACH

Leukemia is the most common childhood cancer, accounting for approxi-
mately 40% of all pediatric malignancies. Acute lymphoblastic leukemia
affects the lymphoid cell line and comprises approximately 75% of leukemia
cases in children. Acute myeloblastic leukemia (AML) affects the myeloid
cell line (granulocytes, monocytes, and can affect erythrocytes or megakary-
ocytes) and comprises approximately 20% of childhood leukemia. The clini-
cal manifestations of AML and ALL are similar. In the United States, childhood
ALL has a peak incidence at age 4 years and occurs more frequently in boys.

ALL is often called the “great imitator” because of its nonspecific symp-
toms, including anorexia, irritability, lethargy, pallor, bleeding, petechiae, leg
and joint pain, and fever. A physical examination includes the child’s general
appearance and energy level, vital signs (note if antipyretics taken), bleeding,
bruising, petechiae, pallor, pain upon palpating bones or joints, and
hepatosplenomegaly. Differential diagnoses include idiopathic thrombocy-
topenic purpura (ITP), aplastic anemia, mononucleosis, juvenile rheumatoid
arthritis, and leukemoid reaction:

¢ Idiopathic thrombocytopenic purpura is a common cause of bruising and
petechiae due to low platelet levels; however, anemia, leukocyte distur-
bances, and hepatosplenomegaly are absent.

¢ Aplastic anemia causes pancytopenia and fever; lymphadenopathy, arthral-
gias, bone pain, and hepatosplenomegaly are unusual findings.

¢ Children with infectious mononucleosis (ie, Epstein-Barr virus) or other
acute viral illnesses may present with fever, malaise, adenopathy,
splenomegaly, and lymphocytosis. Atypical lymphocytes resembling
leukemic lymphoblasts are characteristic of these viral illnesses.

¢ Leukemoid reactions may be observed in bacterial sepsis, pertussis, acute
hemolysis, granulomatous disease, and vasculitis. The leukemoid reaction
resolves as the underlying disease is treated.

Children with ALL who present with fever, arthralgias, arthritis, or a limp
frequently are diagnosed initially with juvenile rheumatoid arthritis (JRA).
Anemia, leukocytosis, and mild splenomegaly may also be seen in JRA, caus-
ing even more confusion. A bone marrow examination may be required to
differentiate ALL from other diagnoses.

Infiltration of the marrow by other types of malignant cells (neuroblas-
toma, thabdomyosarcoma, Ewing sarcoma, and retinoblastoma) occasionally
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produces pancytopenia. These tumor cells usually are found in clumps in the
normal marrow but occasionally replace the marrow completely.

Almost half of the children with newly diagnosed leukemia have total
leukocyte counts less than 10,000/mm?. Leukemic blasts may not be seen in
the peripheral blood smear. Therefore, the diagnosis of leukemia is established
by examination of bone marrow, most commonly aspirated from the poste-
rior iliac crest. A normal marrow contains less than 5% blasts; a minimum
of 25% blasts confirms the diagnosis. Approximately two-thirds of children
with ALL have leukemic cell karyotypic abnormalities, including changes in
chromosome number (ie, hypodiploidy or hyperdiploidy) or chromosome
structure (translocation, deletions, inversions).

A variety of markers can help gauge prognosis. In general, girls have a bet-
ter prognosis. African-American and Hispanic populations have lower
remission and higher relapse rates. Children with ALL younger than 1 year
and those older than 10 years have a worse prognosis. Higher leukocyte
counts, especially if higher than 50,000/mm’, have an unfavorable prognosis.
Patients with mature B-cell or T-cell immunophenotypes typically have a
worse outcome than those with B-precursor ALL. The karyotypes of leukemic
cells have diagnostic, prognostic, and therapeutic significance. Patients with
hyperdiploidy generally have a more favorable prognosis; those with hypoploidy
and pseudodiploidy do less well. Translocations with a poor outcome include
t(9;22) (Philadelphia chromosome) in patients with pre-B ALL, and t(4;11)
seen in infants with AML.

Workup includes a lumbar puncture to examine the central nervous sys-
tem (CNS) for early leukemic involvement; a higher number of blasts in the
cerebrospinal fluid is associated with a worse prognosis. A chest radiograph
is performed to detect a mediastinal mass. Bone radiographs may show altered
medullary trabeculation, cortical defects, or transverse radiolucent lines; these
radiologic findings lack prognostic significance and usually are unnecessary.

Combination chemotherapy is the principal therapy. The therapy involves
remission induction and consolidation, prophylactic CNS therapy, and main-
tenance. Induction therapy, a combination of prednisone, vincristine, and
asparaginase, produces remission within 4 weeks in approximately 98% of chil-
dren with non-high-risk ALL. Consolidation treatment, aimed at further
reducing residual leukemia, delivers multiple chemotherapies in a relatively
short period of time. Prophylactic therapy with intrathecal cytarabine and/or
methotrexate (+ craniospinal irradiation) has decreased the incidence of CNS
leukemia as a primary site of relapse from 50% to approximately 3% to 6%.
Maintenance therapy with methotrexate and 6-mercaptopurine, vincristine,
and prednisone is given for 2 to 3 years to prevent relapse; therapy is discon-
tinued for children who remain in complete remission for 2 to 3 years.

The 5-year survival rate for childhood ALL has steadily improved over
the last 40 years and now is greater than 80%. Late effects to be considered
include neuropsychological deficits, seizures, and endocrine disturbances (ie,
growth hormone deficiency) related to CNS prophylaxis; spermatogenesis
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dysfunction related to cyclophosphamide; delayed sexual maturation in boys

who received irradiation of gonadal tissue due to leukemic invasion of the

testes; leukoencephalopathy and neurodevelopmental problems (especially in

post—CNS radiation patients); and secondary malignancies.

Comprehension Questions

17.1

17.2

17.3

A mother brings her 3-year-old son with Down syndrome to the clinic
because his gums have been bleeding for 1 week. She reports he has
been less energetic than usual. Examination reveals that the child has
a temperature of 100°F (37.8°C) orally, pallor, splenomegaly, gingival
bleeding, and bruises on the lower extremities. Which of the follow-
ing is most likely?

A. Aplastic anemia

B. Idiopathic thrombocytopenic purpura

C. Leukemia

D. Leukemoid reaction

E. Megaloblastic anemia

A father brings to the clinic his 6-year-old son who currently is under-

going induction chemotherapy for ALL. The school will not allow the

child to register until his immunizations are up-to-date. Which of the

following is the best course of action?

A. Call the school nurse or principal to inform him or her that this child
should not receive immunizations while he is taking chemotherapy.

B. Update all immunizations except for measles-mumps-rubella

(MMR) and varicella.

Update all immunizations except for oral polio vaccine.

Update all immunizations.

Call the school nurse or principal to inform him or her that this

child will never receive immunizations because of the alteration in

his immune system.

SEo¥e)

A mother brings to the clinic her 4-year-old son who began com-
plaining of right knee pain 2 weeks ago, is limping slightly, is fatigued,
and has had a fever to 100.4°F (38°C). Which of the following labo-
ratory tests is most important?

. Antinuclear antibodies

Complete blood count (CBC) with differential and platelets
Epstein-Barr virus titer

Rheumatoid factor

Sedimentation rate

MO0 ® >
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17.4

Two weeks after a viral syndrome, a 2-year-old develops bruising and
generalized petechiae that is more prominent over the legs. He has
neither hepatosplenomegaly nor lymph node enlargement. Laboratory
testing reveals a normal hemoglobin, hematocrit, and white blood cell
count and differential. The platelet count is 15,000/mm’. Which of
the following is the most likely diagnosis?

. Acute lymphoblastic leukemia

Aplastic anemia

Immune thrombocytopenic purpura

Thrombotic thrombocytopenic purpura

von Willebrand disease

SEvEOR-IES

ANSWERS

17.1

17.2

17.3

17.4

C. A high susceptibility to leukemia is associated with certain heri-
table diseases (Klinefelter syndrome, Bloom syndrome, Fanconi syn-
drome, ataxia telangiectasia, neurofibromatosis) and chromosomal
disorders such as Down syndrome. Children with Down syndrome
have a 10- to 15-fold increased risk for developing leukemia. Siblings
of an ALL patient have a two- to fourfold increased risk for ALL. A few
cases of ALL are associated with p53 gene aberrations. Overall, these
genetic links account for a small number of total ALL cases.

A. Live virus vaccines are contraindicated for the child with ALL (and
all members of the household) during chemotherapy and for at least
6 months after completion of treatment. Although the viruses in the
vaccine are attenuated, immunosuppression from treatment can be
profound and viral disease can result. Immunizations without live virus
(diphtheria, tetanus, inactivated poliovirus vaccine, hepatitis A and B)
are not absolutely contraindicated in this case, but the immunosup-
pression with chemotherapy often inhibits antibody responses.

B. This child has symptoms of JRA and leukemia. The CBC with
differential and platelets is the best initial screening test. The leuko-
cyte and platelet counts are normal to increased in JRA, and no blast
cells are present. Frequently, blast cells are found on the peripheral
smear with ALL. The child in the question ultimately may require a
bone marrow aspiration.

C. Immune (or idiopathic) thrombocytopenic purpura (ITP) is com-
mon in children. In most cases, a preceding viral infection can be doc-
umented. The platelet count frequently is less than 20,000/mm’, but
other laboratory test results are normal, including the bone marrow
aspiration (which may show an increase in megakaryocytes). Treatment
consists of observation or possibly intravenous immunoglobulin (IVIG),
anti-RhD, immunosuppressives, or steroids. The history is explored for
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other possible causes of thrombocytopenia, including recent MMR
vaccination, drug ingestion, and human immunodeficiency virus.

i |

Leukemias are the most common childhood cancers, and acute lym-
phoblastic leukemia (ALL) represents approximately 75% of all leukemia
cases in children.

Acute lymphoblastic leukemia has a peak incidence at age 4 years, and
boys are affected more frequently.

Acute lymphoblastic leukemia is often called the “great imitator” because
of its nonspecific symptoms of anorexia, irritability, lethargy, pallor, bleed-
ing, petechiae, leg and joint pain, and fever.

Combination chemotherapy is the principal therapy for childhood acute
lymphoblastic leukemia. Induction therapy (prednisone, vincristine, and
asparaginase) produces remission within 4 weeks in approximately 98% of
children with average-risk acute lymphoblastic leukemia.
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Case 18 L

You are called to the operating room to manage an infant recently born
by emergency cesarean delivery. The mother, an 18-year-old with one
previous child, received no prenatal care and arrived at the hospital
approximately 1 hour prior to delivery. At delivery you find a large
(4500 g), grayish-colored infant with poor tone, no spontaneous respi-

rations, and a pulse of 100 beats per minute (bpm).

» What is the first step in the evaluation of this child?
» What is the most likely diagnosis?

» What is the next step in evaluation?
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ANSWERS TO CASE 18:

Infant of a Diabetic Mother

Summary: A very large newborn with respiratory depression.

> First step: Resuscitation of the infant focuses on the ABCs: A (airway),
B (breathing), and C (circulation). Oxygen is provided and the infant is stim-
ulated to breathe on his own. If these simple measures fail, bag-and-mask
ventilation and endotracheal intubation may be required. Upon oxygena-
tion, the infant’s poor tone, color, and slow heart rate should resolve.

> Most likely diagnosis: Respiratory distress in an infant of a diabetic mother

(IDM).

» Next step: Once the infant’s cardiorespiratory status is stabilized, frequent
checks for hypoglycemia are indicated.

ANALYSIS

Objectives

1. Recognize the clinical features of the IDM.
2. Know the management of the IDM.
3. Know the infant anomalies that are associated with pregestational diabetes.

Considerations

Fetal hyperinsulinism is a response to poorly controlled maternal hyper-
glycemia resulting in fetal macrosomia and increased fetal oxygen require-
ments. These two factors can make the birth process difficult and result in
neonatal distress. High infant insulin levels cause him to become hypoglycemic
when he is removed from the high-sugar in utero environment and must be man-
aged immediately to prevent further complications. A blood glucose level of 25 to
40 mg/dL requires immediate feeding. A level less than 25 mg/dL (or higher levels
in symptomatic infants) is treated with intravenous glucose. Polycythemia,
hypocalcemia, and hyperbilirubinemia are other sequelae of gestational dia-
betes that may require management.
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APPROACHTO

DEFINITIONS

GESTATIONAL DIABETES: Persistent hyperglycemia during pregnancy, with
untreated serum glucose levels greater than 100 mg/dL in the fasting state or
greater than 130 mg/dL otherwise.

HYPOGLYCEMIA: A blood glucose level less than 40 mg/dL is the usual def-
inition, although other definitions exist. Symptoms include lethargy, listless-
ness, poor feeding, temperature instability, apnea, cyanosis, jitteriness, tremors,
seizure activity, and respiratory distress.

MACROSOMIA: Larger than normal baby, exceeding the 90th percentile for
gestational age.

POLYCYTHEMIA: Elevated hematocrit that can lead to thrombosis if the level
is significant and remains untreated. Levels greater than 65% in a newborn are
often treated by partial exchange transfusion.

CAUDAL REGRESSION SYNDROME: Rare congenital malformation found
almost exclusively in the IDM, characterized by hypoplasia of the sacrum and
lower extremities.

CLINICAL APPROACH

Diabetes affects more than 3% of pregnancies. For most women, the condi-
tion is transient, occurring during pregnancy and disappearing after delivery.
Women are screened for gestational diabetes between 24 and 28 weeks of
pregnancy. It is classified according to maternal age when the condition is
first diagnosed (onset during gestation, or pregestational), the duration of
symptoms, and the presence of vasculopathy (the “White Classification”).
Women who require insulin therapy are at higher risk for a poor perinatal out-
come than those whose carbohydrate intolerance can be managed by diet
alone. Women with preexisting diabetes are followed closely; many of the
congenital malformations associated with gestational diabetes are thought
to result from hyperglycemia early in the pregnancy.

The fetal pancreas begins producing insulin during the fourth month of
gestation and becomes functionally significant after week 26, when macroso-
mia due to maternal hyperglycemia may first be noted. Increased infant
weight and length occur because of increased adipose tissue deposition and
the growth hormone effects of insulin. Increased glycogen is stored in the
infant liver, kidney, skeletal muscle, and heart. Head circumference is less sig-
nificantly affected because insulin does not affect brain growth. Thus, the
weight of an IDM typically is in its shoulders and abdomen.
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Macrosomia, increased oxygen requirements, and placental insufficiency
can lead to perinatal asphyxia and increased production of erythropoietin.
The resultant polycythemia contributes to elevated bilirubin levels and can
cause renal vein thrombosis. Hypocalcemia is common and results in irri-
tability or decreased myocardial contractility.

IDMs are at increased risk for congenital malformations, including con-
genital heart disease, neural tube defects, and the caudal regression syn-
drome. Their large size at birth can complicate vaginal delivery; shoulder
dystocia is a common problem in the vaginal delivery of a large IDM.
Conversely, an IDM may be small for gestational age if the mother’s diabetes
is associated with severe vascular disease and resultant placental insufficiency.
IDMs may be small in childhood but are often overweight in adolescence.
They may be at risk for problems of obesity later in life.

Comprehension Questions

18.1 A 35-week-gestation infant is delivered via cesarean section because
of macrosomia and fetal distress. The mother has class D pregestational
diabetes (insulin-dependent, with vascular disease); her hemoglobin
A C is 20% (normal 8%). This infant is at risk for birth asphyxia, car-
diac septal hypertrophy, polycythemia, and which of the following?

A. Congenital dislocated hip
B. Dacryostenosis
C. Hyaline membrane disease
D. Hyperglycemia
E. Pneumothorax

18.2 A term infant weighing 4530 g is born without complication to a
mother with class A pregestational diabetes (non-insulin requiring). His
initial glucose level is 30 mg/dL, but the level after he consumes 30 cc
of infant formula is 50 mg/dL, and another level obtained 30 minutes
later is 55 mg/dL. His physical examination is unremarkable except for
his large size. Approximately 48 hours later he appears mildly jaundiced.
Vital signs are stable, and he is eating well. Which of the following
serum laboratory tests are most likely to help you evaluate this infant’s
jaundice?

. Total protein, serum albumin, and liver transaminases

Total and direct bilirubin, liver transaminases, and a hepatitis panel

Total bilirubin and a hematocrit

Total bilirubin and a complete blood count

Total and direct bilirubin and a complete blood count with differ-

ential and platelets

MO0 ® >
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18.3

18.4

A premature infant of a class B pregestational (insulin-requiring, but
without vascular disease) diabetic mother is delivered via cesarean
section due to fetal distress. The mother’s axillary temperature at
delivery is 98.6°F (37°C). The child has poor color and tone, no spon-
taneous cry, minimal respiratory effort, and a weak pulse of 80 bpm.
After endotracheal intubation, the color and tone improve a bit, but
she still has perioral cyanosis and her heart rate is 90 bpm. Which of
the following is the most likely cause of her persistent distress?

A. Hypocalcemia

B. Hypoglycemia

C. Impaired cardiac function

D. Renal failure

E. Sepsis

A term infant born to a mother with class C pregestational diabetes
(insulin-dependent, but without vascular disease) requires endotra-
cheal intubation at delivery for poor respiratory effort, tone, and color.
His initial serum glucose level is 10 mg/dL, and the level stabilizes over
36 hours with intravenous administration of glucose. On the third day
of life, his physical examination is remarkable for macrosomia and a
new abdominal mass. Which of the following is the most likely cause
of the abdominal mass?

. Hydronephrosis

Infarction of the spleen

Intraintestinal air

Liver engorgement

Volvulus

mOO® >

ANSWERS

18.1

18.2

18.3

C. Infants born to mothers with poorly controlled diabetes are at risk
for respiratory distress syndrome (surfactant deficiency) at later ges-
tational ages than seen in infants born to mothers who do not have
diabetes.

C. This baby most likely has hyperbilirubinemia secondary to liver
immaturity, possibly complicated by polycythemia. He should have a
high level of unconjugated bilirubin and, in the absence of intra-
hepatic disease, a normal conjugated (or direct) portion. While
choices D and E include the correct answer, additional tests are
unnecessary for this otherwise healthy-appearing infant who contin-
ues to feed well. Therefore, C is the best answer to the question.

C. Infants born to mothers with poorly controlled gestational diabetes
are at risk for congenital heart anomalies, cardiomyopathy, septal
hypertrophy, and subaortic stenosis. This child’s symptoms and the
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18.4

maternal diabetes history indicate a risk for cardiac problems. Sepsis
can cause similar symptoms, but no risk factors for infectious disease
are noted. This child is at risk for hypoglycemia, but hypoglycemia
alone would less likely explain all of his symptoms.

A. Renal vein thrombosis can present as an abdominal mass
(hydronephrosis), as a complication of polycythemia in IDMs. Such
infants may have gross hematuria, but microscopic hematuria is more
common. Hypertension is uncommon following an acute thrombosis
but may occur as a late complication. The affected kidney may
recover normal function or it may atrophy. Bilateral thrombosis can
lead to chronic renal failure. If this child has delayed passage of
meconium, small left colon syndrome (also seen in IDM) should be
considered as a cause of the abdominal mass.

)

Infants of diabetic mothers are at risk for perinatal complications, includ-
ing hypoglycemia, hyperbilirubinemia, birth trauma, and congenital mal-
formations.

Infants of diabetic mothers usually are heavier and longer than expected,
but head circumference usually is normal. Infants of diabetic mothers can
be small for gestational age if placental insufficiency is present.

Routine prenatal care includes screening for gestational diabetes.
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Case 19 L

A mother is concerned that her 4-day-old son’s face and chest are turn-
ing yellow. This Asian infant was delivered vaginally after an uncom-
plicated term pregnancy. The family history is unremarkable. With the
exception of a large cephalohematoma, his physical examination is nor-

mal. He is breast-feeding well and shows no signs of illness.

> What is the most likely diagnosis?

> What is the next step in evaluating this patient?




160 CASE FILES: Pediatrics

ANSWERS TO CASE 19:

Neonatal Hyperbilirubinemia

Summary: A healthy, 4-day-old jaundiced, breast-feeding Asian male has a
cephalohematoma.

> Most likely diagnosis: Neonatal hyperbilirubinemia.

» Next step: Serum or transcutaneous bilirubin level.

ANALYSIS

Objectives

1. Understand the etiology of physiologic neonatal jaundice.
2. Identify the causes of pathologic jaundice in a newborn.
3. Know the treatment for neonatal jaundice.

Considerations

Neonatal hyperbilirubinemia results from higher rates of bilirubin production
and a limited ability to excrete it. It includes physiologic jaundice and nonphys-
iologic jaundice. This infant has several risk factors for neonatal physiologic
jaundice: male gender, cephalohematoma, Asian origin, and breast-feeding.
Other possible risk factors are maternal diabetes, prematurity, polycythemia,
trisomy 21, cutaneous bruising, delayed bowel movement, upper gastrointestinal
obstruction, hypothyroidism, swallowed maternal blood, and a sibling with phys-
iologic jaundice. A variety of pathologic conditions can cause nonphysiologic
jaundice when excessive unconjugated bilirubin accumulates:

e Red blood cells (RBCs) are lysed at too rapid a rate.

¢ Transmission of unconjugated bilirubin to the liver is interrupted.

¢ Liver enzyme deficiencies preclude appropriate metabolism of the unconju-
gated material.

Neonatal jaundice may present at birth or appear at any time during the
neonatal period. Untreated severe unconjugated hyperbilirubinemia is poten-
tially neurotoxic. Conjugated hyperbilirubinemia, although not neurotoxic,
often signifies a serious underlying illness (Table 19-1).
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Table 19-1 DIFFERENTIAL DIAGNOSIS OF NEONATAL JAUNDICE

Hemolytic disease (isoimmune)—ABO, Rh, or minor group incompatibility

« Structural or metabolic red cell abnormalities (Hereditary spherocytosis, Glucose-6-
phosphate dehydrogenase deficiency)

* Hereditary defects in bilirubin conjugation (Crigler-Najjar syndrome, Gilbert disease)

Bacterial sepsis

Breast-milk jaundice

Physiologic jaundice

Congenital biliary atresia

Extrahepatic biliary obstruction

Neonatal hepatitis—bacterial, viral, nonspecific

Inspissated bile syndrome

Postasphyxia

Neonatal hemosiderosis

Adapted, with permission, from Cashore W.J. Neonatal hyperbilirubinemia. In: McMillan JA, Fegin RD,
DeAngelis CD, Jones MD, eds. Oski's Pediatrics: Principles and Practice. 4th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2006:237.

a APPROACH TO

Neonatal Jaundice

DEFINITIONS

CONJUGATED (DIRECT) BILIRUBIN: Bilirubin chemically attached to a
glucuronide by an enzymatic process in the liver.

ERYTHROBLASTOSIS FETALIS: Increased RBC destruction due to transpla-
cental maternal antibody passage active against the infant’s RBC antigens.
HEMOLYSIS: Rapid breakdown of RBCs. Clinical and laboratory findings
might include a rapid rise of serum bilirubin level (>0.5 mg/dL/h), anemia,
pallor, reticulocytosis, and hepatosplenomegaly.

KERNICTERUS: A neurologic syndrome resulting from unconjugated biliru-
bin deposition in brain cells, especially the basal ganglia, globus pallidus, puta-
men, and caudate nuclei. Less mature or sick infants have greater susceptibility.
Lethargy, poor feeding, and loss of Moro reflex are common initial signs.
POLYCYTHEMIA: A central hematocrit of 65% or higher, which can lead to
blood hyperviscosity.

UNCON]JUGATED (INDIRECT) BILIRUBIN: Bilirubin yet to be enzymati-
cally attached to a glucuronide in the liver.
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CLINICAL APPROACH

Physiologic jaundice comprises primarily unconjugated hyperbilirubinemia
observed during the first week of life in approximately 60% of full-term
infants and 80% of preterm infants. Physiologic jaundice is established by
precluding known jaundice causes via history and clinical and laboratory find-
ings. Newborn infants have a limited ability to conjugate bilirubin and can-
not readily excrete unconjugated bilirubin. Jaundice usually begins on the
face and then progresses to the chest, abdomen, and feet. Full-term newborns
usually have peak bilirubin concentrations of 5 to 6 mg/dL between the
second and fourth days of life.

Findings suggestive of nonphysiologic jaundice include (1) appearance in the
first 24 to 36 hours of life; (2) bilirubin rate of rise greater than 5 mg/dL/24 h;
(3) bilirubin greater than 12 mg/dL in a full-term infant without other phys-
iologic jaundice risk factors listed; and (4) jaundice that persists after 10 to
14 days of life. Nonphysiologic etiologies are commonly diagnosed in a jaun-
diced infant who has a family history of hemolytic disease or in an infant with
concomitant pallor, hepatomegaly, splenomegaly, failure of phototherapy to
lower bilirubin, vomiting, lethargy, poor feeding, excessive weight loss, apnea,
or bradycardia. Causes of nonphysiologic jaundice include septicemia, biliary
atresia, hepatitis, galactosemia, hypothyroidism, cystic fibrosis, congenital
hemolytic anemia (eg, spherocytosis, maternal Rh or blood type sensitization),
or drug-induced hemolytic anemia.

Jaundice presenting within the first 24 hours of life requires immediate
attention; causes include erythroblastosis fetalis, hemorrhage, sepsis,
cytomegalic inclusion disease, rubella, and congenital toxoplasmosis.
Unconjugated hyperbilirubinemia can cause kernicterus, the signs of which
mimic sepsis, asphyxia, hypoglycemia, and intracranial hemorrhage. Lethargy
and poor feeding are common initial signs, followed by a gravely ill appear-
ance with respiratory distress and diminished tendon reflexes.

Approximately 2% of breast-fed full-term infants develop significant
unconjugated bilirubin elevations (breast-milk jaundice) after the seventh
day of life; concentrations up to 30 mg/dL during the second to third week
can be seen. If breast-feeding is continued, the levels gradually decrease.
Formula substitution for breast milk for 12 to 24 hours results in a rapid biliru-
bin level decrease; breast-feeding can be resumed without return of hyper-
bilirubinemia.

Full-term, asymptomatic, low-risk but jaundiced infants are monitored with
serum bilirubin levels. Significant hyperbilirubinemia requires a diagnostic
evaluation, including measurement of indirect and direct bilirubin concentra-
tions, hemoglobin level, reticulocyte count, blood type, Coombs test (indirect
Coombs measures antibodies to RBCs in the blood; direct Coombs test identi-
fies antibodies on surface of the infant’s RBCs), and peripheral blood smear
examination. Estimates of serum bilirubin concentrations that are based solely
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on clinical examination are not reliable. Noninvasive, transcutaneous meas-
urement using multiwavelength spectral reflectance is an alternative to serum
measurement.

Phototherapy is often used to treat unconjugated hyperbilirubinemia, with
the unclothed infant placed under a bank of lights, the eyes shielded, and hydra-
tion maintained. The light changes the skin’s bilirubin isomerization into an
extractible form. For full-term infants without hemolysis, phototherapy is initi-
ated at the following bilirubin levels: 16-18 mg/dL at an age of 24 to 48 hours;
16-18 mg/dL at 49 to 72 hours; and more than or equal to 20 mg/dL at 72 hours
or more.

Exchange transfusion is needed in a small number of jaundiced infants who
do not respond to conservative measures. Small aliquots of the infant’s blood are
removed via a blood vessel catheter and replaced with similar aliquots of donor
blood. Risks of this procedure include air embolus, volume imbalance, arrhyth-
mias, acidosis, respiratory distress, electrolyte imbalance, anemia or polycythemia,
blood pressure fluctuation, infection, and necrotizing enterocolitis.

Comprehension Questions

19.1  Which of the following decreases the risk of neurologic damage in a
jaundiced newborn?

A. Acidosis

B. Displacement of bilirubin from binding sites by drugs such as sul-
fisoxazole

C. Hypoalbuminemia

D. Sepsis

E. Maternal ingestion of phenobarbital during pregnancy

19.2  You are about to return a telephone call to the mother of an 8-day-old
infant who continues to have jaundice which was first noted on the
second day of life; you are about to report to her that his latest total
and direct bilirubin levels are 12.5 and 0.9 mg/dL, respectively. You
look over your chart and see that he and his mother have O type
blood, the direct and indirect Coombs test is negative, his reticulocyte
count is 15%, and a smear of his blood reveals no abnormal cell
shapes. He is bottle-feeding well, produces normal stools and urine,
and has gained weight well. Which of the following diagnoses remains
in your differential diagnosis?

. Gilbert syndrome.

Disseminated intravascular coagulation (DIC)

Spherocytosis

Polycythemia

An undiagnosed blood group isoimmunization

mOO® >
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19.3

19.4

The hyperbilirubinemia associated with Crigler-Najjar syndrome type I
is caused by which of the following?

A. Increased production of bilirubin

B. Impaired conjugation of bilirubin

C. Deficient hepatic uptake of bilirubin

D. Severe deficiency of uridine diphosphate glucuronosyltransferase
E. Glucose-6-phosphate dehydrogenase deficiency

A 30-hour-old full-term infant has face and chest jaundice. He is breast-
feeding well and has an otherwise normal examination. His bilirubin
level is 15.5 mg/dL. Which of the following is the most appropriate
course of action?

>

. Recommend cessation of breast-feeding for 48 hours and supple-
ment with formula.

Start phototherapy.

Wait 6 hours and retest the serum bilirubin level.

Start an exchange transfusion.

No action is needed.

cEoRol=

ANSWERS

19.1

19.2

19.3

19.4

E. Administration of phenobarbital induces glucuronyl transferase,
thus reducing neonatal jaundice. Sepsis and acidosis increases the
risk of neurologic damage by increasing the blood-brain barrier’s per-
meability to bilirubin. Hypoalbuminemia reduces the infant’s ability
to transport unconjugated bilirubin to the liver, and similarly drugs
that displace bilirubin from albumin elevate free levels of unconju-
gated bilirubin in the serum.

A. Gilbert syndrome would present with a negative Coombs test, a
normal (or low) hemoglobin, a normal (or slightly elevated) reticu-
locyte count, and prolonged hyperbilirubinemia. Red cell morphol-
ogy would be abnormal in DIC and spherocytosis, polycythemia
would present with an elevated hemoglobin level (that listed above
is normal for a newborn), and blood group isoimmunization would
present with a positive Coombs test.

D. Although all infants are relatively deficient in uridine diphos-
phate glucuronosyltransferase, those with Crigler-Najjar syndrome
type I have a severe deficiency, causing high bilirubin levels and
encephalopathy. Treatment is phototherapy. Encephalopathy is rare
with Crigler-Najjar syndrome type 11, in which bilirubin levels rarely
exceed 20 mg/dL.

B. Although the etiology of the hyperbilirubinemia must be investi-
gated, phototherapy should be started.
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Physiologic jaundice, observed during the first week of life in the majority
of infants, results from higher bilirubin production rates and a limited abil-
ity of excretion. The diagnosis is established by precluding known causes
of jaundice based on history and clinical and laboratory findings.
Nonphysiologic jaundice is caused by septicemia, biliary atresia, hepatitis,
galactosemia, hypothyroidism, cystic fibrosis, congenital hemolytic anemia,
drug-induced hemolytic anemia, or antibodies directed at the fetal RBC.
High levels of unconjugated bilirubin may lead to kernicterus, an irre-
versible neurologic syndrome resulting from brain cell bilirubin deposi-
tion, especially in the basal ganglia, globus pallidus, putamen, and caudate
nuclei. Less mature or sick infants are at greater risk. The signs and symp-
toms of kernicterus may be subtle and similar to those of sepsis, asphyxia,
hypoglycemia, and intracranial hemorrhage.
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Case 20

A 10-year-old boy in respiratory distress arrives late in the evening to
the emergency department (ED); he has a 2-hour history of rapid
breathing and a complaint that his chest hurts. His mother gave him
two nebulizer treatments without improvement. She tells you that this
is the fourth time in 3 months that he has required ED visits for similar
symptoms. Your initial examination reveals an afebrile male with a res-
piratory rate of 60 breaths per minute and a heart rate of 120 beats/min
(bpm). You note that his pulse varies in amplitude with respiration. His
blood pressure is normal, but his capillary refill is somewhat sluggish at
1 to 2 seconds. He is pale, appears drowsy, has mild perioral cyanosis,
and is using accessory chest muscles to breathe. You hear only faint

wheezing on chest auscultation.

» What are the initial steps in evaluating this patient?
» What is the most likely diagnosis?

» What is the next step in evaluation?
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ANSWERS TO CASE 20:

Summary: A 10-year-old boy with a multiple episodes of respiratory difficulty pres-
ents with tachypnea, perioral cyanosis, likely pulsus paradoxus, use of accessory
muscles of breathing, slight wheezing, delayed capillary refill, and drowsiness.

> Initial steps: Treating this patient’s respiratory distress is of immediate con-
cern. The airway is evaluated first, followed by an evaluation of breathing,
and finally assessment of the circulatory status (the “ABCs”). Initial man-
agement includes administration of oxygen, an inhaled B-agonist, and a sys-
temic dose of prednisone. Intravenous administration of fluids and
medications is indicated for a patient with this degree of distress. A stat
blood gas determination and monitoring oxygen saturation levels will aid
further management.

> Most likely diagnosis: Asthma exacerbation.

> Next step in evaluation: After initial stabilization, past medical and family
histories (medications, triggers, frequency and severity of previous episodes,
previous hospitalization or ICU admissions), and a review of systems are
obtained. The physical examination, blood gas report, and response to ini-
tial treatments will determine subsequent management.

ANALYSIS

Objectives

1. Know the acute management of asthma exacerbation.

2. Know how to classify the severity of an asthma exacerbation.

3. Know the approach to long-term management of asthma and prevention
of exacerbations.

Considerations

This child’s history of ED visits for respiratory difficulty and his presenting
symptoms point to asthma as the most likely diagnosis; less likely conditions
include cystic fibrosis, foreign-body aspiration, and congestive heart failure.
The National Institutes of Health, National Heart, Lung, and Blood Institute
(NHLBI) asthma guidelines suggest this child’s exacerbation is severe and
requires immediate, intensive treatment. His drowsiness is of particular con-
cern, indicating impending respiratory failure; his respiratory and circulatory
status must be assessed frequently. The paucity of wheezes results from severe
airway obstruction and reduced air movement; wheezing is likely to increase
as therapy allows more air movement.
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APPROACHTO

DEFINITIONS

ASTHMA: The diagnosis when (1) episodic symptoms of airflow obstruction are
present; (2) airflow obstruction is at least partially reversible; and (3) alternative
diagnoses are excluded.

ASTHMA EXACERBATION: Characterized by the triad of bronchoconstric-
tion, airway inflammation, and mucus plugging.

PULSUS PARADOXUS: A blood pressure that varies more widely with respi-
ration than normal. A variance of greater than 10 mm Hg between inspiration
and expiration suggests obstructive airway disease, pericardial tamponade, or
constrictive pericarditis.

SPIROMETRY: A test of pulmonary function. For patients with asthma, this
test demonstrates reversibility and can be used to determine an individual’s
response to treatment.

CLINICAL APPROACH

Asthma accounts for approximately three million visits to pediatricians per
year in the United States. The median age at onset is 4 years, but 20% of
children develop symptoms within the first year of life. Atopy and a family
history of asthma are strong risk factors for its development, as is respiratory
infections early in life; between 40% and 50% of children with respiratory
syncytial virus (RSV) bronchiolitis later develop asthma. More than half of
children with asthma have symptom resolution by young adulthood, but
many have abnormal pulmonary function tests only to become symptomatic
in later adulthood. Heavy exposure to pollution, allergens, or cigarette smoke
makes resolution less likely. A chronic nighttime cough might be a harbinger
of asthma.

Airway inflammation in asthma is a result of mast cell activation. An
immediate immunoglobulin (Ig) E response to environmental triggers occurs
within 15 to 30 minutes and includes vasodilation, increased vascular perme-
ability, smooth-muscle constriction, and mucus secretion. Common triggers
include dust mites, animal dander, cigarette smoke, pollution, weather changes,
upper respiratory infections, certain drugs (ie, B-adrenergic antagonists, and
some nonsteroidal anti-inflammatory agents), and exercise (particularly when
performed in a cold environment). Two to four hours after this acute response,
a late-phase reaction (LPR) begins. The LPR is characterized by infiltration
of inflammatory cells into the airway parenchyma; it is responsible for the
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chronic inflammation seen in asthma. Airway hyperresponsiveness may per-
sist for weeks after the LPR.

Asthma management involves identifying and minimizing exposure to
triggers. Allergy testing can be helpful in some situations. Pharmacotherapy
for the child’s asthma symptoms follows NHLBI guidelines (available at
http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf). Adequate long-
term management depends on reinforcement with the patient and family
goals of therapy. Repeat objective assessment of lung function is achieved
with spirometry performed in the clinic and peak expiratory flow measure-
ments obtained at home.

Pharmacotherapy for asthma includes P-adrenergic agonists, anti-
cholinergics, anti-inflammatory agents, and leukotriene modifiers. The
NHLBI guidelines provide a stepwise approach to administration of these
medications.

B-Adrenergic agonists (ie, albuterol) rapidly reverse bronchoconstriction
via B,-receptors on bronchial smooth muscle cells; they do not significantly
inhibit the LPR. These agents also can be used immediately prior to exercise
or exposure to allergens to minimize the acute asthmatic response. Toxicity
includes tachycardia and muscle tremor. Increased levels of drug are delivered
to the lungs and toxicity is decreased when these medications are delivered via
inhalation routes (nebulizer or inhaler) as compared to the oral route. When
inhalers are used, a reservoir device (“spacer”) is used to maximize drug deliv-
ered to the lungs. Patients must not over-rely on short-acting inhalers because
this practice is associated with death in severe asthma attacks.

Anticholinergics may be useful in the acute management of asthma exac-
erbation but are of little value in chronic therapy; they work by inhibiting
the vagal reflex at smooth muscles.

Cromolyn and nedocromil, anti-inflammatory drugs that act by reducing
the immune response to allergen exposure, become effective after 2 to 4 weeks
of therapy; they are successful in only 75% of patients. Leukotriene modifiers
are safe and effective anti-inflammatory medications for long-term control for
some patients. The most potent available anti-inflammatory drugs are corti-
costeroids, which are useful for acute exacerbations (oral or intravenous pred-
nisone, prednisolone) and for chronic therapy (inhaled corticosteroids).


http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf
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Comprehension Questions

20.1

20.2

A 12-year-old asthmatic girl presents to the ED with tachypnea, intra-
costal retractions, perioral cyanosis, and minimal wheezing. You
administer oxygen, inhaled albuterol, and intravenous prednisone.
Upon reassessment, wheezing increases in all fields, and the child’s
color has improved. Which of the following is the appropriate expla-
nation for these findings?

A. The girl is not having an asthma attack.

B. The girl is not responding to the albuterol, and her symptoms are
worsening.

The girl is responding to the albuterol, and her symptoms are
improving.

The girl did not receive enough albuterol.

The albuterol was inadvertently left out of the inhalation treat-
ment, and the girl received only saline.

SECRING

A previously healthy 2-year-old girl presents with the complaint of

acute-onset wheezing. Her mother denies previous wheezing episodes

and denies a family history of asthma or atopy. The mother says that

she left the child playing in her older brother’s room. Approximately

20 minutes later she heard the child coughing and wheezing. Which

of the following is the best next step in management?

A. Determining what the girl was playing with and ordering a chest
radiograph

B. Referring the child to a pulmonologist

C. Prescribing antibiotics for a likely pneumonia

D. Administering an injection of intramuscular prednisone and sending
her home

E. Accusing the mother of poor supervision of her child’s health,
because this obviously is not the first time the child has experi-
enced these symptoms
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20.3

20.4

A well-developed 4-month-old boy presents to the ED on a cold winter’s
night with the complaint of worsening respiratory distress and decreased
oral intake. His parents report that he was well until yesterday, when he
developed upper respiratory symptoms and a low-grade fever. Upon
examination of the child, you note pallor and perioral cyanosis, a respi-
ratory rate of 65 breaths/min, and tight wheezes throughout the chest.

An arterial blood gas shows a pH of 7.15, a PCO, of 65 mm Hg, and a

serum bicarbonate of 20 mmol/L. Which of the following is the the most

likely explanation regarding the child’s condition?

A. The child most likely has bronchiolitis, and is at risk of respiratory
failure.

B. The child most likely has bronchiolitis, and his symptoms should
resolve in the emergency department with a couple more albuterol
treatments.

C. The child should undergo upper endoscopy, as you suspect a
tracheoesophageal fistula.

D. The child most likely has gastroesophageal reflux and has aspirated.

E. The child has a metabolic acidosis that is most likely due to bac-
terial sepsis.

A 15-year-old adolescent male uses his albuterol inhaler shortly after
he mows the lawn because of a mild feeling of chest “tightness.” He
later returns home early from dinner at a friend’s house when he has
the sudden onset of wheezing, cough, and chest pain. Which of the
following is the most likely explanation for these circumstances?

. He likely aspirated a piece of grass.

His albuterol inhaler must be empty.

His albuterol inhaler must be outdated.

He is having a late-phase reaction.

He has been exposed to a new allergen that is more irritating than
grass.

OO ® >

ANSWERS

20.1

20.2

C. This child presented in severe respiratory distress. Her improved
color indicates reversible symptoms, confirming the diagnosis of
asthma. Increased wheezing is auscultated after albuterol treatment
because lung areas previously obstructed are now opening, allowing
additional airflow. Less-experienced examiners may misinterpret
lack of air movement as “clear” breath sounds, further delaying
appropriate medical management.

A. Young children, generally between 4 months and 3 years of age,
normally put objects in their mouth, and they are prone to develop-
ing foreign-body aspirations. A pulmonologist ultimately may be
needed to retrieve the object, but this would not be a first step.
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20.3 A. The differential diagnosis for a wheezing baby is extensive.
However, the sudden onset of respiratory symptoms in a previously
healthy infant, particularly in association with fever, is most consis-
tent with the diagnosis of bronchiolitis. Initial treatment for this
baby includes oxygen and nebulized albuterol or epinephrine. A blood
gas measurement should be obtained immediately for any patient
who presents in severe respiratory distress. This child’s blood gas
indices show a marked respiratory acidosis. He will likely require
mechanical ventilation and monitoring in an intensive care setting
until his symptoms improve. Infants with wheezing caused by bron-
chiolitis do not always respond to B-agonists. Chest radiographs in
infants with bronchiolitis typically show hyperinflated lungs with
areas of atelectasis. Respiratory syncytial virus (RSV) and influenza
A are common causes of bronchiolitis in infants in the wintertime,
but several other viral causes are also possible. A careful history
should be obtained to rule out less common causes of wheezing in an
infant, such as recurrent aspiration or a congenital anomaly.

204 D. A late-phase reaction typically occurs 2 to 4 hours after an initial
wheezing episode. It is caused by accumulation of inflammatory cells
in the airway.

[ )

The prevalence of asthma in western countries has been increasing
steadily, making this the most frequent admission diagnosis for children in
many urban hospitals.

Atopy and a family history of asthma are risk factors for development of
asthma; exposure to pollutants including cigarette smoke makes resolu-
tion less likely.

The late-phase reaction begins 2 to 4 hours after allergen exposure and is
responsible for the chronic inflammation seen in asthma.

Acute and long-term management of asthma is guided by recommenda-
tions published by the National Heart, Lung, and Blood Institute.
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Case 21

The parents of a healthy 8-year-old boy are concerned that he is the
shortest child in his class. His height and weight growth curves are
shown in Figure 21-1 (see next page). He was a full-term infant, has
experienced no significant medical problems, and is developmentally
appropriate. Other than being small, his examination is normal. His
upper and lower body segment measurements demonstrate normal body
proportions. His father is 6 ft 4 in tall; he began pubertal development
at 13 years of age. His mother is 5 ft 11 in tall; she had her first menstrual

cycle at age 14 years.

» What is the most likely diagnosis?
» What is the best diagnostic test?

» What is the best therapy?
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Figure 21-1. Childhood growth curve. Reproduced from the Center for Disease
Control.
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ANSWERS TO CASE 21:

Growth Hormone Deficiency

Summary: An 8-year-old boy with no significant medical history and a normal
examination presents with failure to grow.

> Most likely diagnosis: Growth hormone (GH) deficiency.

> Best diagnostic test: Screening tests might include a complete blood count
(CBC) and erythrocyte sedimentation rate (ESR); electrolytes and general
health chemistry panel; urinalysis; serum for thyroid function studies,
insulinlike growth factor-1 (IGF-1), and insulin like growth factor-binding
protein-3 (IGF-BP3); bone age radiograph, and, if this were a girl, possibly
chromosomal karyotype.

> Best therapy: Replace GH via injection.

ANALYSIS

Objectives

1. Understand the common causes of growth delay in children.
2. Appreciate the evaluation strategies for the various forms of growth failure.
3. Learn treatment options for common causes of childhood growth delay.

Considerations

This patient has essentially stopped growing (or is growing at a rate less than
expected). He has no medical problems and a normal examination. His par-
ents are tall, and their pubertal development was not delayed. An evaluation
to determine the reason for his growth failure is appropriate.

a APPROACH TO
Growth Hormone Deficiency

DEFINITIONS

BONE AGE: Childhood bone development occurs in a predictable sequence.
Left wrist radiographs on children older than 2 years (or the knee in those
younger) are compared to “normals” to determine how old the bones appear
compared to chronologic age, thus providing an estimate of the remaining
growth potential of the bones.
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CONSTITUTIONAL GROWTH DELAY: A condition in which a healthy
child’s growth is slower than expected but for whom one or more parents
demonstrated a pubertal development delay and ultimately normal adult
height. In this case, the “bone age” equals the “height age.”

FAMILIAL SHORT STATURE: A condition in which a short child is born to
short parents who had normal timing of their pubertal development.

HEIGHT AGE: The age at which a child’s measured height is at the 50th
percentile.

IDIOPATHIC SHORT STATURE: A condition in which a short stature diag-
nosis cannot be reached.

CLINICAL APPROACH

Many parents become concerned if their child is noticeably shorter than their
child’s peers. Many conditions can result in short stature; a growth and social
history (to identify psychosocial growth failure), physical examination, and
selected screening tests usually help to identify the problem’s etiology.

In the first year of life, children grow at a rate of approximately 23 to
28 cm/y. This rate drops to approximately 7.5 to 13 cm per year for chil-
dren aged 1 to 3 years. Until puberty, they grow approximately 4.5 to 7 cm
per year. At puberty, growth increases to 8 to 9 cm per year for girls and to
10 to 11 cm per year for boys. By approximately 24 months of age, most
children settle into a percentile growth channel, remaining there for the
remainder of their childhood. Significant deviations from these expectations
alert the clinician to potential growth problems (ie, “fall off their curve”).

Constitutional growth delay is a common cause of short stature. These
children have no history or examination abnormalities. In contrast to chil-
dren with GH deficiency, children with constitutional delay have a growth
rate that is normal. Their family history is positive, however, for one or more
parents with pubertal development delays (“late bloomers”) who developed
normal adult height. A short child in a family with a classic history of “late
bloomers” often requires no laboratory or radiographic evaluation. Sometimes
a bone age is helpful to reassure the patient and family that much bone growth
remains and normal height will be achieved. For some of these children,
testosterone injections will hasten pubertal changes (which eventually will
begin on its own without treatment); consultation with a pediatric endocri-
nologist can be helpful.

The child born to short parents often is short (familial short stature). The
growth curve shows growth parallel to a growth line at or just below the third
to fifth percentile. Laboratory and radiographic testing usually are not neces-
sary; a bone age equals the chronologic age, indicating no “extra” growth
potential. An estimate of a child’s ultimate height potential is calculated using
the parent’s heights. A boy’s final height can be predicted as follows: (Father’s
height in cm + [Mother’s height in cm + 13])/2. A girl’s final height can be
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predicted as follows: (Mother’s height in cm + [Father’s height in cm — 13])/2.
Reassurance is indicated for children with familial short stature.

Growth hormone (GH) deficiency occurs in approximately 1 in 4000
school-age children. These children demonstrate a growth rate that is slow,
usually falling away from the normal growth curve (in contrast to constitu-
tional delay where growth parallels the third to fifth percentile curve). On
examination these children often appear younger than their stated age and
frequently appear chubby (weight age > height age). Bone ages are delayed,
indicating catch-up growth potential. GH screening tests include serum IGF-1
or somatomedin C and IGF-BP3. Confirmation often requires GH stimula-
tion testing and interpretation by a pediatric endocrinologist. Replacement
therapy involves recombinant GH injections several times per week until the
child reaches full adult height.

Clues that growth failure may be caused by an underlying condition not
already mentioned include poor appetite, weight loss; abdominal pain or
diarrhea; unexplained fevers; headaches or vomiting; weight gain out of
proportion to height; or dysmorphic features. Screening tests might include
a CBC (anemia), ESR (chronic inflammatory diseases), electrolytes (acidosis
or renal abnormalities), general health chemistry panel (hepatitis, liver dys-
function), urinalysis (infection, renal disease), thyroid function tests
(hypothyroidism), IGF-1 and IGF-BP3 (GH deficiency), and, for girls, possi-
bly chromosomes (Turner syndrome). Children with growth failure who do
not fall into another, more appropriate category are classified as having idio-
pathic short stature.

Comprehension Questions

21.1  An 8-year-old boy has short stature. He has begun to gain quite a bit
of weight over the last year, has little or no energy, sleeps more than
normal, and complains of being cold. His growth curve demonstrates
that he has fallen from the 50th percentile to the 5th percentile for
height, but his weight has increased to the 90th percentile. On exam-
ination, he is obese, has an immature facies, thin hair, and slow reflexes.
Which of the following is the most appropriate course of action for this
child?

. Order Epstein-Barr virus titers.

Measure thyroid function.

Reassure the mother that the child has normal prepubertal

development.

Determine bone age.

Order a somatomedin C level.

0w >
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21.2 A 16-year-old boy complains that he is the shortest boy in his class.
He has a normal past medical history, and although always a bit small
for age, he has really noticed that he has fallen behind his peers in the
last 2 years. He is Tanner stage 3 and is at the fifth percentile for
height. His father began puberty at age 16 and completed his growth
at age 19; he is now 6 ft 2 in tall. His mother began her pubertal devel-
opment at age 10 and had her first menstrual period at age 13; her
height is 5 ft 4 in. Which of the following is the single most appropri-
ate intervention?

A. Chromosomal analysis

B. Liver function studies

C. Measurement of bone age

D. Measurement of somatomedin C
E. Pediatric endocrinology referral

21.3 A 17-year-old girl is 4 ft 10 in tall. Her father is 5 ft 10 in tall and her
mother is 5 ft 5 in tall. Her past medical history is significant for life-
long short stature and cardiac surgery at age 1 year. She has never had
a menstrual period. Which of the following is the most appropriate
action!

A. Chromosomal analysis

B. Referral to a pediatric endocrinologist
C. Serum testosterone levels

D. Thyroid function studies

E. Ultrasonogram of the abdomen

214 Yousee a 14-year-old boy in the juvenile detention center where he is
currently living for arson to an abandoned building. He is tall, slim,
underweight, and appears to have especially long legs. His testes are
small for age, and his phallus seems somewhat undersized. His mother
reports that he had difficulty with reading, spelling, and mathematics
early on, but now he has difficulty in all classes. Which of the follow-
ing diagnostic tests is most likely to identify his problem?

A. Chromosomal analysis
B. Referral to pediatric endocrinology
C. Serum testosterone levels
D. Thyroid function studies
E. Ultrasonogram of the abdomen
ANSWERS
21.1 B. This child has classic symptoms of acquired hypothyroidism. A bone

age would be delayed, but thyroid function studies are needed to make
the diagnosis. Thyroid hormone replacement therapy should resolve
these symptoms, and growth should resume normally.
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21.2

213

21.4

C. This boy likely has constitutional growth delay, similar to that of
his father. Bone age would be delayed, indicating potential growth.
He eventually will enter puberty, but the psychosocial ramifications
of remaining shorter and appearing more immature than his peers
may warrant treatment. Monthly testosterone injections “jump start”
the pubertal process without altering final growth potential; a pedi-
atric endocrinologist might be required to assist.

A. Chromosomal analysis is likely to show Turner syndrome (TS) in
this child with parents of normal height. The surgery might have
been for coarctation of the aorta. Common TS features include
female phenotype, short stature, sexual infantilism, streak gonads,
broad chest, low hairline, webbed neck, and congenital lymphedema

of the hands and feet. Some TS children benefit from GH therapy.

A. Boys with Klinefelter syndrome are tall for their age; the testes are
smaller than normal and feel firm and fibrotic. Examination can
reveal eunuchoid body habitus and reduced upper body-lower body
segment ratio (a long lower segment). Diagnosis is established by
karyotyping.

W

Constitutional growth delay is a condition in which a healthy child’s
growth is slower than expected and for whom at least one parent demon-
strated a pubertal development delay but normal adult height (“late
bloomers”). Growth parallels the third or fifth percentile growth curve;
bone age is delayed.

Familial short stature is a condition in which a short child is born to short
parents who had normal timing of their pubertal development. Growth
parallels the third or fifth percentile growth curve; bone age is normal.
Idiopathic short stature includes children with short stature for whom a
more appropriate diagnosis cannot be found.

Growth hormone (GH) deficiency is a condition in which inadequate GH
secretion results in growth failure, delayed bone age, and catch-up growth
upon GH replacement.
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A 2800-g male is born at 36-weeks’ gestation to a 19-year-old mother
via vaginal delivery. Delivery occurred 19 hours after membrane rup-
ture. The mother’s pregnancy was uncomplicated, but her prenatal
records are not available at delivery. At 6 hours of age he is “breathing
hard” and refusing to breast-feed. His respiratory rate is 60 breaths/min
with “grunting.” His temperature is 96.5°F (35.8°C), and his blood pres-
sure is lower than normal. You ask the nurses to obtain a complete blood
count (CBC) while you drive in from home. Upon arrival you confirm
that he is in respiratory distress and that his perfusion is poor. The CBC
demonstrates a white blood cell (WBC) count of 2500 cells/mm’ with

80% bands. His radiograph is shown in Figure 22-1.

> What is the most likely diagnosis?

> What is the best therapy?

Figure 22-1. Chest radiograph of an infant.
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ANSWERS TO CASE 22:

Group B Streptococcal Infection

Summary: A 2800-g infant born by vaginal delivery at 36-weeks’ gestation is
found to have poor feeding, tachypnea, hypothermia, and poor perfusion at
6 hours of age.

> Most likely diagnosis: Group B streptococcus (GBS) infection.

> Best therapy: Intravenous (IV) antibiotics (after addressing ABCs).

ANALYSIS

Objectives

1. Understand the common presentations of neonatal sepsis.

2. Understand the maternal risk factors for neonatal GBS infection.

3. Appreciate the variety of organisms responsible for neonatal infections.
4. Learn treatment options for the common neonatal infections.

Considerations

The rapid symptom onset, the low WBC count with left shift, and the chest
x-ray findings are typical for GBS pneumonia. At this point, management
would include rapid application of the ABCs of resuscitation (maintain
Airway, control Breathing, and ensure adequate Circulation), followed by
rapid institution of appropriate antibiotics once cultures are obtained. Despite
these measures, mortality from this infection is high.

APPROACH TO

Group B Streptococcal Infection

DEFINITIONS

EARLY-ONSET SEPSIS SYNDROME: Neonatal sepsis occurring in the first
6 days of life. The majority of infection (approximately 85%) occurs in the first
24 hours of life, an additional 5% by approximately 48 hours, and the remain-
der throughout the next 4 days. The infection source usually is microorganism
acquisition from the mother’s genitourinary tract.
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GROUP B STREPTOCOCCUS (GBS) COLONIZATION: Infection with GBS
limited to mucous membrane sites in a healthy adult; the gastrointestinal (GI)
tract is the most common colonization reservoir.

LATE-ONSET SEPSIS SYNDROME: Neonatal sepsis usually occurring after
approximately 7 days but before approximately 90 days of life. The infection
source often is the caregiver’s environment.

INTRAPARTUM ANTIBIOTIC PROPHYLAXIS: Intravenous penicillin or
ampicillin given during labor to prevent newborn GBS disease.

CLINICAL APPROACH

Signs and Symptoms of Sepsis

The signs and symptoms of neonatal sepsis can be subtle and nonspecific,
often overlapping with findings in other conditions, such as respiratory dis-
tress syndrome, metabolic disorders, intracranial hemorrhages, and traumatic
deliveries. Temperature instability, tachypnea, hypotension, and bradycardia
are common findings in sepsis and meningitis. Overwhelming shock is mani-
fested as pallor and poor capillary refill. Neurologic findings of impaired level
of consciousness, coma, seizures, bulging anterior fontanelle, focal cranial nerve
signs, and nuchal rigidity are unusual, but when present hint at meningitis, a
condition more commonly seen in late-onset disease. Examination findings
seen more frequently with pneumonia (more commonly seen in early-onset dis-
ease) include tachypnea, grunting, nasal flaring, retractions (costal or subster-
nal), decreased breath sounds, and cyanosis.

Evaluation of the Potentially Septic Child

Some neonatal sepsis laboratory findings can be nonspecific, including hypo-
glycemia, metabolic acidosis, and jaundice. The CBC often is used to help
guide therapy, although the sensitivity and specificity of this test are low.
Evidence of infection on CBC includes the following:

« Markedly elevated or low WBC counts

« Increased neutrophil count

« Increased immature to total neutrophil (I/T) ratios

« Thrombocytopenia with platelet counts less than 100,000/mm’

The C-reactive protein (an acute phase protein increased with tissue
injury) can be elevated in septic infants; some use it as an adjunct to assess for
neonatal sepsis.

A blood culture is crucial for patients with suspected sepsis. Some argue
that the low meningitis incidence, especially in early-onset disease, does not
warrant routine cerebral spinal fluid testing; rather, the test should be reserved
for documented (positive cultures) or presumed (patients so sick that a full
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antibiotic course is to be given regardless of culture results) sepsis. Urine cul-
tures usually are included for late-onset disease evaluation. Chest radiologic
findings include segmental, lobar, or diffuse reticulogranular patterns, the lat-
ter easily confused with respiratory distress syndrome (lack of surfactant).

Pathogens

The organisms that commonly cause early-onset sepsis colonize in the mother’s
genitourinary tract and are acquired transplacentally, from an ascending infec-
tion or as the infant passes through the birth canal. Specific organisms include
GBS, Escherichia coli, Haemophilus influenzae, and Listeria monocytogenes.
Late-onset disease occurs when the infant becomes infected in the postnatal
environment, such as from the skin, respiratory tract, conjunctivae, gastroin-
testinal tract, and umbilicus. For the hospitalized infant, bacteria sources
include vascular or urinary catheters or contact with health-care workers.
Organisms commonly seen to cause late-onset disease include coagulase-negative
staphylococci, Staphylococcus aureus, E coli, Klebsiella sp, Pseudomonas sp,
Enterobacter sp, Candida, GBS, Serratia sp, Acinetobacter sp, and anaerobes.

Group-B Streptococcus is the most common cause of neonatal sepsis
from birth to 3 months. Approximately 80% of cases occur as early-onset
disease (septicemia, pneumonia, and meningitis) resulting from vertical
transmission from mother to infant during labor and delivery. Respiratory
signs (apnea, grunting respirations, tachypnea, or cyanosis) are the initial
clinical findings in more than 80% of neonates, regardless of the site of
involvement, whereas hypotension is an initial finding in approximately 25%
of cases. Other signs are similar to those associated with other bacterial infec-
tions described above.

Neonates with GBS meningitis rarely have seizures as a presenting sign, yet
50% develop seizures within 24 hours of infection. The median age at diag-
nosis of early-onset GBS infection is 13 hours, earlier than for the other bac-
terial infections described above. Clinical history and findings suggestive of
early-onset GBS disease (rather than of a noninfectious etiology for pul-
monary findings) include prolonged rupture of membranes, apnea, hypoten-
sion in the first 24 hours of life, a 1-minute Apgar score less than 5, and rapid
progression of pulmonary disease.

Factors associated with increased risk for early-onset GBS disease are
rupture of membranes more than 18 hours before delivery, chorioamnioni-
tis or intrapartum temperature greater than 100.4°F (38°C), previous
infant with GBS infection, mother younger than 20 years, and low birth
weight or prematurity (<37 weeks’ gestation). Mortality as a result of GBS
disease is close to 10%. Major neurologic sequelae (cortical blindness, spas-
ticity, and global mental retardation) occur in 12% to 30% of infants who sur-
vive meningitis.
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