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NOTICE

Medicine is an ever-changing science. As new research and clinical experi-
ence broaden our knowledge, changes in treatment and drug therapy are
required. The authors and the publisher of this work have checked with
sources believed 10 be reliable in their efforts to provide information that is
complete and generally in accord with the standards accepted at the time of
publication. However, in view of the possibility of human error or changes in
medical sciences, neither the editors nor the publisher nor any other party who
has been involved in the preparation or publication of this work warrants that
the information contained herein is in every respect accurate or complete, and
they disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work. Readers are
encouraged to confirm the information contained herein with other sources.
For example and in particular, readers are advised to check the product infor-
mation sheet included in the package of each drug they plan to administer 10
be certain that the information contained in this work is accurate and that
changes have not been made in the recommended dose or in the contraindica-
tions for administration. This recommendation is of particular importance in
connection with new or infrequently used drugs.
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& INTRODUCTION

>

Mastering the cognitive knowledge within a field such as pediatrics is
a formidable task. It is even more difficult to draw on that knowledge,
procure and filter through the clinical and laboratory data, develop a
differential diagnosis, 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 replacement for educa-
tion at the bedside. Unfortunately, clinical situations usually do not
encompass the breadth of the specialty. Perhaps the best alternative 1s
a carefully crafted patient case designed to simulate 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 impor-
tantly, the explanations for the cases emphasize the mechanisms and
underlying principles, rather than merely rote questions 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 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 compre-
hension test at the end for reinforcement and emphasis, and a list of
resources for further reading. The clinical vignettes are purposely
piaced in random order to simulate the way that real patients present to
the practitioner. Section 11 includes a listing of cases to aid the stu-
dent who desires to test his or her knowledge of a certain area, or who
wants to review a topic, including basic def initions. Finally, we inten-
tionally did not primarily use a multiple choice question format
because clues (or distractions) are not available in the real world.
Nevertheless, several multiple choice questions are included at the end
of each scenario to reinforce concepts or to introduce related topics.

HOW TO GET THE MOST OUT OF THIS BOOK

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

PART I:

L.

Summary: the salient aspects of the case are identified, filtering out
the extraneous information. The student should formulate his/her
summary from the case before looking at the answers. A compari-
son with the summation in the answer helps to improve one’s ability
to focus on the important data, while appropriately discarding irrel-
evant information, a fundamental skill in clinical problem solving,

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

The Analysis of the Case, which is comprised of two parts:

a. Objectives of the Case: A listing of the two or three main prin-
ciples that are crucial for a practitioner to manage the patient.
Again, the student is challenged to make educated “guesses” about
the objectives of the case upon initial review of the case scenario,
which helps to sharpen the student’s clinical and analytical skills.

b. Considerations: A discussion of the relevant points and brief
approach to the specific patient.

PART II:

Approach to the Disease Process: This process has two distinct parts:

I. Definitions: Terminology pertinent to the disease process.

2. Clinical Approach: A discussion of the approach to the clini-
cal problem in general, including tables, figures, and algorithms.

PART III:

Comprehension Questions: Each case contains several multiple-
choice questions that either reinforce the material or introduce new and

related concepts. Questions about material not found in the text have
explanations in the answers.
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PART IV:

Clinical Pearls: A listing of several clinically important points is reit-
erated as a summation of the text and placed at the end of each case to
allow for easy review such as before an examination.
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PART 1. APPROACHING THE PATIENT

The transition from the textbook or Jjournal article to the clinical situa-
tion is perhaps the most challenging in medicine. Retention of infor-
mation is difficult; organization of the facts and recall of these myriad
of data to apply to the patient is crucial. This text aids this process. The
first step is gathering information, otherwise known as establishing the
database. This consists of taking the history (asking questions), per-
forming the physical examination, and obtaining selective laboratory
and/or imaging tests. —

The history is the single most important method of establishing a di-
agnosis. 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 adolescent. The student should remember not to be mis-
led 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 clinician 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 illnesses occur with increased regularity at var-
lous ages, with higher frequency in one génder, or, more
commonly, in one ethnic group. For instance, anorexia
nervosa is more common in white adolescent females,
while complications of sickle cel] anemia are more com-
mon 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 primary complaint, as well as associated symptoms,
exacerbating and relieving factors, and previous attempts at
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therapy should be determined. For children, especially adoles-
cents, a hidden agenda must be considered; it is not uncom-
mon for the adolescent to actually have questions about
sexuality when the stated reason for the office visit is totally
unrelated. Both positive findings (the stool was loose, volu-
minous, and foul-smelling) and negative findings (without
blood or mucous) are appropriate.

Past history

a.

Pregnancy and delivery. The age of the mother, the num-
ber of pregnancies, the route of delivery, and the gesta-
tional age of the infant can often 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 radi-
ograph is more likely to have transient tachypnea of the
newborn than is an infant born vaginally at 28-week ges-
tation with similar symptoms. Similarly, a history of drug
use (including over-the-counter, prescription, and illicit
drugs) or infections during pregnancy should be obtained.
Neonatal history. Any problems identified in the neonatal
period, such as severe jaundice, infections, feeding diffi-
culties, and prolonged hospitalization, should be reviewed,
especially for the younger pediatric patients in whom
residua of these problems may remain.

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

Medical history. While minor illnesses (such as occa-
sional upper respiratory infections) can be reviewed
quickly, more serious illnesses (such as diabetes mellitus)
should be investigated fully. The age at diagnosis, treat-
ments prescribed, and response to therapies can be re-
viewed. The number and nature of hospitalizations and
complications are often important. For instance, a diabetic
patient with frequent hospitalizations for ketoacidosis may
indicate a lack of education of the family or underlying
psychosocial issues complicating therapy. A child with a
history of frequent, serious accidents should alert the
physician of possible child abuse.
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e. Developmental history. For preschool children, a few
questions about language, fine motor, gross motor, and
psychosocial skills will provide good clues about devel-
opment. For school-aged children, areas of strength and
weaknesses are helpful.

Allergies. Reactions to medications should be recorded, in-

cluding severity and temporal relationship to medications.

Immunizations. Dates for primary and booster series of im-

munizations should be recorded, preferably by reviewing the

immunization cards. If the child is in school, a presumption
that state laws regarding immunization completion can be
made while the immunization card is being retrieved.

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.

Sexual history of adolescents. Details of an adolescent’s sex-

ual habits, contraceptive use, pregnancies, and sexually trans-

mitted diseases should be determined.

CLINICAL PEARL

The adolescent must be treated with sensitivity, respect, and

confidentiality to foster the optimal environment for med-
ical care.

10.

Family history. Because many conditions are inherited, the
ages and health of siblings, parents, grandparents, and others
can provide important diagnostic clues. For instance, an obese
child with a family history of adult-onset diabetes is at high
risk of developing diabetes; early intervention is warranted.
Social history. Living arrangements, economic situations, type
of insurance, and religious affiliations may provide important
clues for a puzzling diagnostic case or suggest important in-
formation about the acceptability of therapeutic options.
Review of systems. A few questions about each of the major
body systems allows the practitioner to ensure that no prob-
lems are overlooked and to obtain crucial history about related
and unrelated medical conditions.
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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 hyperventilation, and cyanosis; or stigmata
of syndromes (such as Down or Turner).

Skin. In smaller children, the color of the skin for evidence of
pallor, plethora, jaundice, or cyanosis 1s important. Abnormal-
ities such as capillary hemangiomas (such as “stork bites” in a
newborn), café-au-lait, pigmented nevi (such as “mongolian
spots™), erythema toxicum, or pustular melanosis can be iden-
tified. In older children, macules, papules, vesicles, pustules,
wheals, and petechiae or purpura should be described, and ev-
idence of excoriation, crust formation, desquamation, hyper-
pigmentation, ulceration, scar formation, or atrophy should be
identified.

Vital signs. Temperature, blood pressure (generally begin rou-
tine measurement 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, and throat.

a. Head. For the neonate, the size of fontanelles and pres-
ence of overriding sutures, caput succedaneum (superfi-
cial edema or hematoma that crosses suture lines, usually
located over crown), or cephalohematoma (hematoma that
does not cross suture lines) should be noted. For the older
child, the size and shape of the head as well as abnormali-
ties such as swellings, depressions, or abnormal hair qual-
ity or distribution may be identified.

b. Eyes. For infants, abnormalities in the size, shape, and po-
sition of the orbits, the color of the sclera (blue sclera, for
instance, may indicate osteogenesis imperfecta), conjunc-
tival hemorrhages or abnormalities, or the presence of iris
defects (such as coloboma) may be found. The visual acu-
ity of older children should also be obtained.

c. Ears. For all children, abnormalities in the size, shape, and
position of the ears can provide important diagnostic
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clues. While tympanic membranes are difficult to assess in
newborns, their integrity should be assessed in older chil-
dren. For all children, the quality and character of dis-
charge 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 syn-
drome. 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 transverse crease across the an-
terior portion of the nose is seen with allergic rhinitis.

¢. 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 abnormalities of the
mouth include disruption of the palate (cleft palate syn-
drome), 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, exudate,
size of tonsils, and symmetry.

5. Neck. The neck in infants is usually short and sometimes hard
to evaluate. Nonetheless, the size, shape, and preferred posi-
tion of the neck can be evaluated for all children. The range of
motion may be evaluated by gentle movement. Symmetry of
the muscles, thyroid gland, veins, and arteries is important.
Identification of 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 seen.

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 a supernumerary
nipples) or movement with respirations. Respiratory rate
varies according to age and ranges from 40 to 60 breaths per
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minute in the neonate, to 12 to 14 breaths per minute in the tod-
dler. The degree of respiratory distress can be stratified
with increasing distress noted when the child moves from
subcostal to intercostal to supraclavicular to suprasternal
retractions. Paipation of the chest should confirm the integrity
of the ribs and clavicles and any swelling or tenderness in the
Joints. Percussion in older children may reveal abnormalities,
especially if asymmetry is noted. The chest should be auscul-
tated for air movement, vocal resonance, rales, rhonchi,
wheezes, and rubs. In adolescent girls symmetry of breast de-
velopment and presence of masses or nipple discharge should
be evaluated. : .

Cardiovascular. The precardium should be inspected for ab-
normal movements. The chest should be palpated for the loca-
tion and quality of the cardiac impulse and to determine if a
thrill is present. The presence and quality of the first and sec-
ond heart sounds, including splitting with respirations should
be noted. Murmurs, clicks, rubs, and abnormalities in rate
(which varies by age) or rhythm should be identified. The pe-
ripheral 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 le-
sions such as striae are obvious, or if pulsations are present. In
older children, the abdomen 1s usually flat, but in the neonate
a very flat abdomen in a child with respiratory distress may in-
dicate diaphragmatic hernia. The umbilicus, especially for
neonates, should be evaluated for defects, drainage, or masses;
a small umbilical hernia is often present and is normal. In the
newborn, 1 umbilical vein and 2 umbilical arteries are normal.
In a neonate, palpation of the abdomen may reveal a liver
edge about 2 cm below the coastal margin, a spleen tip, and
with deep pressure, kidneys. In older children, these struc-
tures 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 fe-
males, the lower abdomen should be palpated for uterine en-
largement (pregnancy).
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10.

11.

Genitalia. Examination of the male for the size and shape of
the penis, testicles, and scrotum is important. The position of
the urethral opening should be assessed. In newborn girls, the
labia majora is usually large and completely encloses the labia
minora; the genitalia is usually highly pigmented and swollen
with an especially prominent clitoris. A white discharge is usu-
ally present in the first days of life, and occasionally a blood-
tinged fluid is also seen. In toddlers, examination of the geni-
talia can be challenging. Plaéing the toddler in a frog-leg
position while the toddler sits in the parent’s lap (or on the ex-
amination table) often allows successful viewing of external
genitalia. In older girls. the knee-chest position affords an ex-
cellent view of the external genitalia. In girls outside the new-
born period, the labia minora are smaller compared to the re-
mainder 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 im-
perforation or tags, vaginal discharge or foreign bodies, and
labial adhesions, may be noted. A speculum examination
should be performed for sexually active adolescent girls. Tan-
ner staging for pubertal development should be done for both
boys and girls. Inguinal hernias should be identified; normalcy
of anus should be confirmed.

Extremities. For all children, the size, shape, and symmetry of
the 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, recognition of dislocated hips
1s of critical importance, as life-long growth abnormalities may
result. In contrast, identification of scoliosis in adolescents 1S
important to prevent the debilitating complications of that con-
dition. Athletes require evaluation of the integrity of their
Joints, especially those to be used in sporting activities.
Neurologic. Neurologic evaluation of the older child is sim-
ilar to that in adults. The level of consciousness and orienta-
tion 1s determined as a starting point. The cranial nerves
should be assessed. The motor system should be evaluated
(including strength, tone, coordination, and mvoluntary
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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.

[N

wh

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

Hemoglobin or hematocrits are recommended for high-risk in-
fants (especially premature infants and those with low birth
weight), at 9 to 12 months of age, and yearly on all menstruat-
ing 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 positive family histories) older than 24 months of age.
Sexually transmitted disease screening is performed yearly on
all sexually active patients.

Other. speciahzed testing is accomplished depending on the age. risk
factors. chief complaint, and conditions included in the differential
dragnosis
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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 ab-
domen films for ileus are common uses of this modality.
Ultrasonography is a fairly inexpensive modality that requires
little or no sedation and has no radiation risks. It offers good or-
gan and anatomic detail, but can be operator dependent. Not all
organs are accessible to sonography. Common examinations in-
clude the head for intraventricular hemorrhage in the premature
infant, the abdomen for guch conditions as pyloric stenosis, and
the kidneys for abnormal structure.

Computer tomography provides good organ and anatomic de-
tail 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 ab-
domen or head in trauma victims.

Magnetic resonance imaging is expensive but does not involve ra-
diation. 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 now functional imaging. It is frequently used to provide detail
on the brain in patients with seizures or developmental delay or on
a mass located virtually anywhere to provide tissue detail.
Nuclear scan is moderately expensive and invasive. It provides
functional information (usually organ specific) but provides
poor anatomic detail. Radiation is involved. Common uses in-
clude bone scans for infection and renal scans for function.

PART 2. APPROACHING CLINICAL

PROBLEM SOLVING

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

l.
p)

.

Make the diagnosis
Assess the seventy of the disease
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3. Render a treatment based on the stage of the disease
4. Follow the response to the treatment

Making the Diagnosis

This 1s achieved with careful sifting of the database, analysis based on
the risk factors present and the development of the list of possibilities
(the differential diagnosis). The process includes knowing which pieces
of information are more meaningful and which may be discarded. Ex-
perience and knowledge from reading help to guide the physician to key
in on the most important concerns. A good clinician also ktiows how to
ask the same question in several different 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.
Reaching a diagnosis may be obtained by systematically reviewing each
possible cause and reading about each disease. The patient’s presentation
1s then matched up against each of these possibilities, and either placed
higher up on the list as a potential etiology, or iower 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 suspi-
cions. based on key laboratory or imaging tests. For example, an ado-
lescent child 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 examination shows an increased respira-
tory rate, lymphadenopathy, and right lower lobe lung crackles. In this
case, jt is likely that the patient 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. Asthma categories range
from mild intermittent (least severe) to severe persistent (most severe).
For some conditions. such as syphilis, the staging depends on the length
of ume. and follows along the natural history of the infection (i.e. pri-
mary. secondary, or tertiary syphilis).
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Treatment Based on Stage

Many illnesses are stratified according to severity because prognosis
and treatment varies based on the severity. If neither the prognosis nor
the treatment were 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 se-
vere persistent asthma (particularly if the patient has had to be intu-
bated for their 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 se-
rious categories (more severe disease). In contrast, a patient with severe
persistent asthma would generally require short-acting 3-agonist med-
ications as well as long-acting B agonists, inhaled steroids, and poten-
tially oral steroids.

Group A B-hemolytic streptococcal pharyngeal infection (“strep
throat”) is associated with complications including poststreptococcal
glomerulonephritis and rheumatic fever. The presence of group A -
hemolytic streptococcus confers an increased risk of problems, but nei-
ther the prognosis nor the treatment is affected by “more” group A (8-
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 re-
sponse to the therapy. Whatever the “measure” of response, it should
be recorded and monitored. Some responses are clinical, such as pa-
tient’s pain, or temperature, or pulmonary examination. Obviously the
student must work on being more skilled in eliciting the data in an un-
biased and standardized manner. Other patients may be followed by im-
aging such as computerized tomography (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
disease. 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
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the expected. Is the next step to treat further, or to repeat the metastatic
work-up, or to follow-up with another more specific test?

PART 3. APPROACHING READING

The student must approach reading differently than the classic “sys-
tematic” review of a particular disease entity. Patients rarely present
with a clear diagnosis: hence, the student must become skilled in ap-
plyving the textbook information to the clinical setting. Everyone retains
more when the reading is performed with a purpose. Experience
teaches that with reading. there are several crucial questions to consider
thinking clinically. These are:

What 1s 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 the disease process?
What is the best therapy?

O'\Lh-b-wt\):—'

What is the Most Likely Diagnosis?

Establishing the diagnosis was discussed in the previous section. This
1s a difficult 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, such as “the most common cause of
mild respiratory distress in a term infant born by cesarean section is re-
tained amniotic fluid (transient tachypnea of the newborn).”
The chnical scenario would entail something such as:

“A 3-hour-old infant is noted to have mildly increased respira-
tory 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?”
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With no other information to go on, the student would note that this
baby has respiratory distress. Using the “most common cause” infor-
mation, the student would guess transient tachypnea of the newborn. If,
instead, the gestational age “term” is changed to “preterm at 30 weeks
gestation,” a phrase may 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 dis-
tress in a preterm child whose mother did not receive prenatal steroids”
is surfactant deficiency (respiratory distress syndrome).

What Should Be Your Next Step?

This question in many ways is even more difficult than the most likely
diagnosis, because insufficient information may be available to make a
diagnosis and the next step may be to pursue more diagnostic informa-
tion. 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 infor-
mation 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 supportive environment, with freedom to take educated
gucsses, and with constructive 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 Cedric Johnson
(a 3-month-old child with a positive respiratory syncytial virus
nasal washing) has bronchiolitis.

2. 1 don’t believe that this is severe disease (such as significant
OXygen requirement, severe retractions, or carbon dioxide reten-
tion on blood gas analysis). A chest radiograph shows no lobar
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consolidation (I believe this is important because a lobar con-
solidation would suggest a bacterial etiology).

3. Therefore, the treatment is supportive care with supplemental
oxygen and intravenous fluids as needed.

4. T'want to follow the treatment by assessing Cedric’s respiratory
status (I will follow the oxygen saturation and degree of retrac-
tions), his temperature, and his ability to maintain his hydration
orally without intravenous fluids. Also, if in the first few days,
Cedric does not get better, or if he worsens, | think he will need

a repeat chest radiograph to assess whether he has an evolving
bacterial pneumonia.

In a similar patient. when the clinical presentation is not so clear, per-
haps the best “next step™ mav be diagnostic in nature such as blood cui-

tures to determine if bacteremia is present. This information is some-

times 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 making the diagnosis, but also requires
the student to understand the underlying mechanism for the process.
For example, a chinical scenario may describe a 5-year-old child with
Henoch-Schonlein purpura 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 gas-
trointestinal (GI) tract can cause bleeding along with colicky abdomi-
nal pain, sometimes progressing to intussusception. The mechanism of
the pain and bleeding is, therefore, vasculitis causing enlarged mesen-
teric lymph nodes, bowel edema, and hemorrhage into the bowel. An-
swers 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 pre-
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sentation 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 palpable purpura. This vasculitis is
responsible not only for edema in the joints (mainly in dependent areas
such as the knees and ankles) causing the arthritis found in approxi-
mately two-thirds of patients, but also damage to the vasculature of the
GI tract leading to the intermittent, colicky abdominal pain that can
manifest as heme-positive stools or ever intussusception.

What are the Risk Factors for this Process?

Understanding the risk factors helps to establish a diagnosis and to de-
termine how to interpret results. For example, understanding the risk
factor apalysis may help to manage a 1-year-old child with anemia
found on routine screening. If the child had no risk factors for lead poi-
soning or thalassemia, the practitioner may choose to treat with sup-
plemental iron, because the likelihood for more serious pathology is
low. On the other hand, if the same 1-year-old child were a recent im-
migrant from an endemic area, lived in a 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 perform
a serum lead level, a complete blood count with differential (looking
for basophilic stippling), and thoroughly evaluate the child for devel-

opmental delay. Thus, the number of risk factors helps to categorize the
likelihood of a disease process.

What are the Complications to this Process?

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 knowledge of the
sequelae of the pathological process. For example, a child diagnosed
with high fever, rash, lymphadenopathy, and oral and conjunctival
changes is diagnosed with Kawasaki disease. Complications of this
condition include arthritis, vasculitis of the medium-sized arteries, hy-
drops of the gallbladder, urethritis, and aseptic meningitis. Understand-
ing the types of complications also helps the clinician to assess the
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patient. For example, one life-threatening complication of Kawasaki
disease is coronary artery aneurysm and thrombosis. The clinical pre-
sentation in the subacute phase is desquamation, thrombocytosis,
and the development of coronary aneurysms with a high risk of
sudden death. The appropriate therapy is intravenous immunoglobulin
in the acute phase, and high-dose aspirin as soon as possible after the
diagnosis. Nonrecognition of the risk of coronary artery aneurysm and
appropriate therapy for thrombosis can lead to the patient’s death. Stu-
dents apply this information when they see on rounds a patient with
Kawasaki disease and monitors for new murmurs, thrombocytosis,
myocarditis, and development of coronary artery aneurysms. The clini-
clan communicates to the team to watch the patient for any of these
signs or symptoms so that appropriate therapy can be considered.

What is the Best Therapy?

This is perhaps the most difficult question, because not only does the
clinician need to reach the correct diagnosis, assess the severity of the
condition, but also weigh the situation to reach the appropriate inter-
vention. The student does not necessarily need to memorize exact
dosages, but the medication, the route of delivery, and possible compli-
cations are important. It is important for the student to verbalize the di-
agnosis and the rationale for the therapy. A common error is for the stu-
dent to “jump to a treatment,” almost like a random guess, and therefore
Is 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 in-
stead to give the steps so that feedback may be given for each step.

For example, what is the best therapy for a 15-year-old sexually ac-
tive girl with severe, cystic acne? The incorrect manner of response 1s
for the clinician to blurt out “Accutane.” Rather, the student should rea-
son it in a way such as: “Severe, cystic acne can be treated with a vari-
ety of modalities. Side effects of the medications must be considered
in a sexually active teenager whose is statistically at high risk for
pregnancy. Accutane causes severe birth defects and is absolutely con-
traindicated in pregnancy. Therefore, the best treatment for this adoles-
cent may be a combination of oral antibiotics and topical medications
that present a much lower chance of devastating side effects”
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SECTION 11

Clinical
Cases




CASE 1

A mother brings her 12-month-old child to your clinic for a well-child
examination. The child 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. The child’s vital signs and her

physical examination are otherwise normal.

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

4 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 without obvious
etiology from her physical examination.

4 Next step: Gather more history from the mother, including birth
history, past medical history, family history, social history, and

developmental history. A dietary history is especially important
in this case.

4 Most likely diagnosis: Failure to thrive (FTT). most likely a
result of @ nonorganic cause.

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

Analvsis

Objectives

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

2. Understand the appropriate use of the laboratory n an otherwise
healthy child with FTT.

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

Considerations

This patient’s growth pattern, including inadequate weight gain, poten-
tially modest retardation of length. and sparing of head circumference,
is suggestive of FTT. The etiology 1s most likely nonorganic because
the physical examination 1s normal. The diagnosis of nonorganic FTT
15 made after organic etiologies are excluded. when growth resumes
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normally, and when catch-up growth is demonstrated with adequate nu-
trition and an adequate environment is ensured. Diagnosis and thera-
peutic maneuvers aimed at organic causes are appropriate if supported
by the patient’s history (i.e. prematurity, maternal infection) or physical
examination (i.e. enlarged spleen, significant developmental delay). Al-
though organic and nonorganic FTT can occur in the same patient, at-
tempts to differentiate between these two forms may be helpful because
the evaluation, treatment, and follow-up may be very different.

Note: Had the same practitioner followed this patient since birth,

earlier detection and intervention of the growth failure might
have occurred.

APPROACH TO FAILURE TO THRIVE
Definitions

Failure to thrive (FTT): A physical sign and not a final diagno-
sis. It is suspected when growth is below the 3rd or 5th percentile
on standard growth curves or a crossing of =2 major growth per-
centiles in a short time frame. Usually seen in a child younger
than 5 years of age whose physical growth is significantly less
than that of his or her peers.

Nonorganic FTT: Poor growth without a known medical etiology.
Nonorganic (psychosocial) FTT is often related to poverty or poor
caregiver-child interaction. Nonorganic FTT constitutes one-third
to one-half of cases of FTT identified in tertiary-care settings, and
in nearly all cases in primary care settings.

Organic FTT: Poor growth caused by an underlying medical con-
dition such as inflammatory bowel disease, renal disease, or con-
genital heart conditions.

Clinical Approach

The goal of the history, physical examination, and laboratory testing for
FTT is to establish whether the caregiver is giving enough calories,
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whether the child is taking enough calories, and/or whether the child is
able to use the calories for growth. Identification of which of these

factors is the likely source of problem helps guide the next steps in
management.

Diagnosis

A thorough history and physical examination are the clinician’s most
important tools in the evaluation of FTT. A detailed dietary history can
offer important clues to identify an etiology for the FTT. The type of
milk (breast or bottle) and frequency and quality of feeding, voiding,
vomiting. and stooling are recorded when evaluating smaller infants.
The milk used (commercial or homemade formula) and the mixing
process (1o msure appropriate dilution) is reviewed when evaluating
borttie-fed infants. For example, adding too much water to a powdered
commercial formula results in inadequate nutrition to the infant. The
amount and type of juices and solid foods are noted when evaluating
larger infants or toddlers. Significant food aversions might suggest that
a child has gastric distress as a result of malabsorption. A food diary, in
which the parent writes down all foods offered and taken by the child,
can be useful.

Pregnancy and early neonatal histories may reveal maternal infec-
tion. depression. or drug use, intrauterine growth retardation, prematu-
rity. or other chronic neonatal conditions. When FTT is associated with
families members who are genetically small or with a history of slow
growth (constitutional delay), affected children are usually normal and
do not require an exhaustive evaluation. In contrast, a family history of
inheritable disease associdted with poor growth (such as cystic fibrosis)
must be evaluated more extensively. Because nonorganic FTT is more
commonly associated with poverty, a thorough social history can be
usetul. The living arrangements of the child including primary and sec-
ondary caregivers, type of housing, financial and employment status of
caregivers, the family’s social supports, and unusual stresses (such as
spousal abuse) are reviewed. The astute clinician will use this time to
gather history and also to observe for unusual interactions between the
carcgiver and the child.

All body organ systems potentially harbor an organic cause for FTT
and therefore must be evaluated carefully (Table 1-1). The develop-
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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, central nervous system pathology

Malabsorption: Gl disease (biliary atresia, celiac disease), inflammatory bowel
disease, mfections, 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

Source: Modified from Rudolph CD, Rudolph AM, Hostetter MK, Lister G, Siegel NJ. Rudolph s
Pediarrics, 21st ed. New York: McGraw-Hill, 2003:8.

mental status, which may be delayed in both organic and nonor-
ganic FTT, needs evaluation. Children with nonorganic (psychoso-
cial) FTT may demonstrate an occipital bald spot and failure to attain
appropriate developmental milestones resulting from lack of parental
stimulation; be disinterested in his or her environment; avoid eye con-
tact, smiling, or vocalization; and may not respond well to maternal at-
tempts of comforting. Children with certain types of organic FTT (such
as renal tubular acidosis) and most forms of nonorganic FTT should
show “catch-up” in developmental milestones with successful therapy.
During the physical examination (especially of the younger infant)
the clinician should observe a feeding, which may give clues to
maternal-child interaction bonding issues or to physical problems,
such as cerebral palsy, oral motor or swallowing difficulties, or
velum cleft palate.

The history or the physical examination suggestive of an organic
cause of FTT directs the laboratory and radiologic evaluation. For
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instance, a child with an immediate family history of cystic fibrosis re-
quires sweat chloride or genetic testing. A child with a loud, harsh sys-
tolic murmur and bounding pulses deserves a chest radiograph and elec-
trocardiogram, and perhaps an echocardiogram and cardiology consult.
Most children with FTT, however, have few or no signs or symptoms
and the laboratory evaluation is usually limited to a few screening tests:
a complete blood count, lead level, urinalysis, and culture, and serum
electrolyte levels to include calcium, blood urea nitrogen, and creatinine
are recommended. A tuberculosis skin test and testing for human im-
munodeficiency virus may also be indicated. Any abnormalities in these
screening tests are then pursued more extensively.

Treatment and Follow-up

The treatment and follow-up for organic forms of FTT ‘is specific for
the disease process. Patients with nonorganic FTT are managed with
improved dietary intake, close follow-up, and attention to psychosocial
1ssues.

Healthy infants in the first year of life require approximately
120 Kcal/kg/d of nutrition and approximately 100 kcal/kg/d after
the first vear of life; children with FTT require an additional 50%
to 100% to ensure adequate catch-up growth. Attention to mealtime
routines 1s important. Families should eat together in a nondistracting
environment (television off!). with meals lasting between 20 and 30
minutes. Sohd foods are offered before liquids, and children should not
be force-fed. Low-calorie drinks, juices, and water should be limited,
while high-calorie foods, such as whole milk, cheese, dried fruits, and
peanut butter, can be offered (depending on the age of the child). For-
mulas containing more than the standard 20 calories per ounce may be
necessary for smaller children. and high-calorie supplementation such
as Carnation Instant Breakfast mixed in whole milk, PediaSure, or En-
sure may be required for larger children. In all cases, frequent office
visits or home health visits are indicated to ensure adequate weight gain
in response to therapeutic maneuvers.

Successful treatment of nonorganic FTT requires not only the provi-
sion of increased calories to the child but also attention to contributing
psvchosocial issues. Referral to community services such as the
Women, Infants, and Children (WIC) Program, the food stamp pro-
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gram, and local food banks may be required. Help for the caregiver in
the form of job training, substance and physical abuse prevention, par-
enting classes, and psychotherapy may also be available through com-
munity programs. Older children and their families may benefit from
early childhood intervention and Head Start programs.

Some children with organic causes of FTT can also have nonorganic
FTT. For instance, a poorly growing premature infant with special nu-
tritional needs may be at increased risk_for superimposed non-organic
FTT because of psychosocial issues such as poor bonding with the fam-
ily after the child’s prolonged hospital stay. In this situation, care for the

organic causes must be coordinated with interventions to preclude
nonorganic FTT.

Comprehension Questions

[1.11 A mother and father bring their 6-month-old son to the clinic. On
examination, he is symmetrically less than the 5th percentile for
height, weight, and head circumference. 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 she was in-
volved in an automobile accident that initiated the labor. The
child was ventilated for 3 days in the neonatal intensive care unit,
but otherwise did well without residual respiratory, central ner-
vous, or intestinal problems. He was discharged at 8 weeks of life
and has no other medical problems. Which of the following 1s the
mostly likely explanation for this child’s 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

[1.2] 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 per-
centile for head circumference. The child was born at term. She
was noted to have a small head at birth, to be developmentally
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[1.4]

delayed throughout her life, and to have required cataract surgery
shortly after birth. She currently takes phenobarbital for seizures.
Which of the following might explain this child’s small size?

Congenital cytomegalovirus infection
Down syndrome

Glycogen storage disease type 11
Congenital hypothyroidism
Craniopharyngioma

moOwe

A 2-year-old child had previously been slightly less than the 50th.
percentile for weight. height. and head circumference, but in the
last 6 months has fallen to slightly less than the 25th percentile
for weight. The pregnancy was normal, the child’s development is
as expected. and the family reports no psychosocial problems.
The mother reports that the child has become a finicky eater
(wants only macaroni and cheese for each meal) but the mother
insists that the child eat a variety of foods at each meal. The
meals are marked by much frustration for all family members.

Physical examination of the child is normal. The next step in the
care of this child should be:

A. Sweat chloride testing

B. Examination of the eyes for retinal hemorrhages

C. Reassurance and counseling for family about normal devel-
opmental stage of child

D. Testing of stool for parasites
E. MR of the brain

A 4-month old child is noted to be having poor weight gain. The
current growth parameters include weight less than 5th percentile,
height about 10th percentile and head circumference at 50th per-
centile. The planned pregnancy resulted in an uneventful sponta-
neous, vaginal delivery. The mother and child were discharged af-
ter a 48-hour hospitalization. Feeding is both breast and bottle.
and the quantity seems to be sufficient. The child has had no ill-
ness. Physical examination is unremarkable except for the child’s
small size. On screening laboratory you find the hemoglobin and
hematocrit to be 11 mg/dL and 33%, respectively, with a platelet
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[1.1]

[1.2)

[1.3]

[1.4)

count of 198,000/mm>. The serum electrolytes include a sodium
of 140, chloride of 105, potassium of 3.5, bicarbonate of 17, blood
urea nitrogen 15, and creatinine of 0.3. The liver function tests
were normal. The urinalysis had a pH of 8 with occasional epithe-
lial cell, but no white blood cells, bacteria, protein, ketones, or
reducing substances. The probable therapy for this child is:

Transfusion with packed red blood cells
Intravenous infusion of potassium chloride
Sweat chloride analysis

Growth hormone determination

Oral supplementation with bicarbonate

Mo oW

Answers

C. The expected weight versus age must be modified with a
preterm infant. Weight gain should be following or exceeding
that of term infants. This infant’s parameters, when plotted in a
“premie growth chart,” is likely to reveal normal growth.

A. The developmental delay, intrauterine growth retardation (in-
cluding microcephaly), cataracts, seizures, hepatospleno-megaly,
prolonged neonatal jaundice, and purpura at birth are findings
consistent with a congenital infection such as cytomegalovirus
(CMV) or toxoplasmosis. Calcific densities in the brain with
CMV typically are found in a periventricular pattern; in toxo-
plasmosis, they are found scattered throughout the cortex.

C. 1t i1s not unusual for a child between about 18 months and 30
months of age to become “picky eaters.” They sometimes slow
their rate of growth, and the period can be distressing for parents
(and grandparents). Calm counseling of the family to provide nu-
trition, avoid “force-feeding,” and avoid snacks is usually effec-
tive. Close follow-up is required.

E. The patient described has evidence of renal tubular acidosis
(probably distal tubular), a well-described cause of failure to
thrive. Upon confirmation of the findings, oral supplementation
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of bicarbonate would be expected to correct the elevated chlo-
ride, the low bicarbonate and potassium (although potassium
supplements may be required), and poor growth.

CLINICAL PEARLS

In the United States psychosocial FTT is far more common
than organic FTT, and often is associated with poverty or
poor parent-child interaction.

Inexpensive laboratory screening tests along with dietary
counseling and close observation of weight changes are
usually appropriate first steps in managing an infant with
FTT who appears otherwise healthy.

Organic causes of failure to thrive are numerous and can be
associated with abnormalities in any organ system. Often
clues on history, physical examination, or screening labora-
tory tests will hint at the organ system involved.

As many as one-third of patients with psychosocial FTT
have developmental delay as well as social and emotional
problems.

Patients with renal tubular acidosis (RTA), a common organic
cause of FTT, can have a defect in the proximal tubules
(RTA type 2) caused by impaired tubular reabsorption of bi-
carbonate or in the distal tubules (RTA type 1) caused by im-
paired hydrogen ion secretion. Type 4 RTA is also a distal
tubule problem associated with impaired ammoniagenesis.

& @
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4 CASE2

An apparently healthy 16-year-old male is brought to your office by
concerned parents. They report that their son’s behavior has been erratic
over the last several months. Much of the time he has had a great deal
more energy, decreased appetite, and sléeps much less than usual; at
cther times he sleeps incessantly and is lethargic. He had been doing
poorly in school. Last evening he appeared flushed, agitated, had di-
lated pupils, and complained “péople were out to get him.” His family
notes that he has been skipping some school and relugtantly report that
he was arrested for burglary 2 weeks prior to the visit. You know that
this child has been in good health and has been an excellent student in

the past. Today he appears to be in no distress.
4 What is the most likely diagnosis?
4> What is the next step in the evaiuation?

4 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 health adolescent with recent be-
havior changes and declining school performance.

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

4 Next steps in evaluation: Thorough history, physical
examination, urine drug screen, and screening for other
commonly associated consequences of drug abuse (such as
sexually transmitted diseases and hepatitis).

4 Long-term evaluation and therapy: Threefold approach:
(a) detoxification program; (b) follow-up with developmentally
appropriate psychosocial support systems; and (c) possible long-
term assistance with a professional trained in substance abuse
management.

Analysis

Objectives

1. Learn the pattern of behavior found among adolescents involved
with drugs of abuse.

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
Although rarely a brain tumor could be an explanation for an adoles-

cent with new onset of behavior changes, in general, when an adoles-
cent displays new-onset truant behavior, depression and/or declin-

P
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ing grades, substance abuse must be suspected. A thorough history,
physical examination (with special attention to the neurologic exami-
nation), and screening laboratory will help to clarify the situation. In-
formation about an adolescent’s potential substance abuse problem can
come from the patient, the patient’s family, or other interested parties
(teachers, coaches, or friends). Direct questioning of the adolescent
alone regarding substance abuse is appropriate during routine health
visits or when signs and symptoms are suggestive of abuse.

APPROACH TO THE SUBSTANCE-ABUSING ADOLESCENT
Definitions

Substance abuse: Alcohol and other drug use leading to impair-
ment or distress resulting in failure to meet obligations at school
or work, potential physical harm, substance-related legal prob-
lems, or continued use despite social or interpersonal conse-
quences resulting from the drug’s effects.

Substance dependence: Alcohol and other drug use leading to
loss of control with continued use (tolerance necessitating in-
creased dose or withdrawal upon its termination), compulsion to
obtain and use the substance, and use that continues despite per-
sistent or recurrent unpleasant consequences.

Clinical Approach

t
Experimentation with alcohol and other drugs is common among ado-
lescents; some consider this experimentation to be “normal.” Others ar-
gue that any level of drug or alcohol use is to be avoided because sub-
stance abuse 1s so frequently associated with the major causes of
morbidity and mortality in the adolescent age group-homicide, suicide,
and unintentional injuries. Regardless of one’s viewpoint, a healthcare
provider is responsible for (a) discussing facts about alcohol and drugs
with the adolescent in an attempt to reduce the adolescent’s risk of

harm, and (b) identifying adolescents who require intervention for their
alcohol or drug use.
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Children at risk for drug use include those with significant behavior
problems, learning difficulties, and those with impaired family func-
tioning. Cigarettes and alcohol are the most commonly used drugs in
adolescence; marijuana is the most commonly used illicit drug. Some
adolescents abuse common household products such as inhalation of
glue or aerosols. Others abuse their sibling’s medications (such as
methylphenidate, which is used to snort with cocaine).

Pediatricians are afforded the opportunity to ask about alcohol or
drug use in adolescents who present for their annual health examination
or in adolescents who present with signs or symptoms of substance
abuse. Direct questions can identify drug or alcohol use and their affect
on school performance, family relations, and peer interactions. Should
any problems be identified, a thorough interview to determine the de-
gree of drug use (experimentation, abuse, or dependency) is warranted.

Historical clues to alcoho!l or other drug abuse include signifi-
cant behavioral changes at home, a decline in school or work per-
formance, or involvement with the law. An increased incidence of
intentional or accidental injuries may be alcohol or drug related.
Risk-taking activities, such as trading sex for drugs or driving while im-
paired, can be particularly serious, and may indicate more serious drug
or alcohol problems. The adolescent who uses alcohol or other drugs
usually has a normal physical examination, especially if the previous
drug use was days prior to the office visit. Needle marks and nasal mu-
cosal injuries are rarely found.

An adolescent who has recently used alcohol or drugs can present
with a variety of findings (Table 2—1). A urine drug screen can be help-
ful to evaluate the adolescent who (a) presents with psychiatric symp-
toms, () has signs and symptoms commonly attributed to drugs or al-
cohol, (c) is in a serious accident, or (d) is part of a recovery
monitoring program. An attempt to obtain the adolescent’s permis-
sion 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. Following these initial
stabilization procedures, treatment is directed at the offending agent (1f
known). After stabilization of the patient whose drug and alcohol use 1s
causing undesired consequences, a treatment plan must be devised. For
some patients, inpatient programs that disrupt drug and alcohol use sets
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Table 2-1 ‘
CLINICAL FEATURES OF SUBSTANCE ABUSE
RETENTION
TIME FOR URINE
SCREENING

AGENT SIGNS AND SYMPTOMS PURPOSES

Alcohol Euphoria, grogginess,-impaired 7-10 h (blood) or
short-term memory, talkativeness, 10-13 h (urine)
vasodilation, and at high serum-
levels, respiratory depression _

Marijuana Elation and-euphoria, impaired 3-104d for
short-term }nemory, distortion of occasional users or
time perception, poor performance | up to 2 mo for
of tasks requiring concentration chronic users
(such as driving), and loss of
judgment

Cocaine Euphoria, increased motor activity, | 24 d
decreased fatigability, dilated
pupils, tachycardia, hypertension
and hyperthermia; sometimes
associated with paranoid ideation;
physical findings might include
changes in nasal mucosa

Methamphetamine and Euphoria, increased sensual 2d

methylene awareness, increased psychic and

dioxymethamphetamine | emotional energy, nausea, teeth

(ecstasy) grinding, blurred vision, jaw
clenching, anxiety, panic attacks,
and psychosis

Opiates including Euphoria, decreased pain 2d

heroin, morphine, and
codeine

sensation, pinpoint pupils,
hypothermia, vasodilation, and
possible respiratory depression;
physical findings might include
needle marks over veins
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Table 2-1
CLINICAL FEATURES OF SUBSTANCE ABUSE (Continued)
RETENTION
TIME FOR URINE
SCREENING
AGENT SIGNS AND SYMPTOMS PURPOSES
Phencyclidine (PCP) Euphoria, nystagmus, ataxia, and 8d
emotional lability, hallucinations
affecting body image that can
result in panic reactions,
disorientation. hypersalivation,
and abusive language
Barbiturates Sedation, pinpoint pupils, 1 d for short-acting
hypotension, bradycardia. agents: 2--3 wk for
hypothermia, hvporeflexia, long-acting agents
and central nervous system
and respiratory depression

the stage for continued outpatient therapy. For other patients, a program
of intensive outpatient therapy can be initiated to help an adolescent tc
develop a drug-free lifestyle. In many cases, the expertise necessary to
assist an adolescent through these changes is beyond the expertise of
the general pediatrician. Assistance with management of this chronic
problem by qualified health professionals in a developmentally appro-
priate setting can maximize outcome. Primary care providers can, how-

ever, assist adolescents and their families by helping families find suit-
able community resources.

Comprehension Questions

[2.1] A l4-year-old is found to be ataxic on the school grounds. He is
brought to the emergency department of a local hospital where he
appears to be euphoric but emotionally labile and somewhat dis-
oriented. On physical examination he has nystagmus and hyper-
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[2.2]

[2.3]

salivation. Many notice his abusive language. The agent most
likely responsible for his condition is:

Alcohol

Cocaine

Barbiturates
Phencyclidine (PCP)
Amphetamines

mooOws>

A family brings their 16-year-old daughter to vour office for a
“well-child” checkup. The child looks perfectly normal on exam-
ination. As part of your well-child examination you plan to do a
urinalysis. The father pulls you aside and asks you to secretly run
a drug screen on his daughter with extra urine. You should:

A. Perform the screen in the manner requested.

B. Perform the screen as requested, but call the family and ado-
lescent back into the office to review the results.

C. Explore the reasons for the request with the parents and the
adolescent, performing a urine drug screen with the adoles-
cent’s permission if the history warrants.

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

E. Tell the family to bring the adolescent back to the office for a

urine drug screen when she is exhlbltmg signs or symptoms
such as euphoria or ataxia.

A previously healthy adolescent has a 3-month history ef in-
creasing headaches, blurred vision, and personality changes.
During a previous office visit he admitted to experimeritation
with marijuana over a 1-year prior. Physical examination demon-
strates a healthy, athletic-appearing 17-year-old with decreased
extraocular range of motion and visual acuity in his left eye. The
next step in his management should be:

A. Acetaminophen and ophthalmology referral
B. Neuroimaging
C. Urine drug screen
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D. Trial of methysergide (Sansert) for migraine
E. Glucose measurement

An 11-year-old presents with dizziness, pupillary dilatation, nau-
sea. fever, tachycardia, and facial flushing. She reports that she
can “see” sound and “hear” colors. The agent likely to be re-
sponsible for this condition is:

A. Amphetamines

B. PCP

C. Ecstasy

D. Lysergic acid diethylamide (LSD)
E. Alcohol

Answers

D. PCP is associated with hyperactivity, hallucinations, abusive
language, and nystagmus.

C. The adolescent’s permission should be obtained before drug

testing. Testing “secretly™ in this situation destroys the doctor-
patient relationship.

B. Even though this adolescent admits to experimentation with
drugs in the past, his current symptoms and physical findings

makes drug use a less-likely etiology. In his case, evaluation for
possible brain tumor is warranted.

D. LSD is associated with symptoms that may 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 pan-

icked; treatment is usually reassurance of the user in a controlled,
safe environment.
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CLINICAL PEARLS

Cigarettes and alcohol are the most commonly used drugs in
adolescence.

Marijuana is the most common illicit drug used in adoles-
cence.

Behaviors associated with substance abuse include drug deal-
Ing, prostitution, burglary, unprotected sex with the risks of
pregnancy and sexually transmitted infections, automobile
accidents, and physical violence.

Children at risk for drug use include those with significant be-

havior problems, learning difficulties, and those with im-

paired family functioning.

& & &

REFERENCES

Adger H. Adolescent drug abuse. In: McMillan JA, DeAngelis CD, Feigin RD, War-
shaw JB, eds. Oski’s pediatrics: Principles and practice, 3rd ed. Philadelphia:
Lippincott Williams & Wilkins. 1999:550-555.

Litt 1. Substance abuse. In: Behrman RE, Kliegman RM, Jenson HB, eds. Nelson
textbook of pediatrics, 16th ed. Philadelphia: WB Saunders. 2000:564-572.
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:

McGraw-Hill, 2003:226-231. ’




€ CASE 3

A 36-year-old Gravida 3 Para 2 woman with one prenatal visit at 35
weeks but otherwise uneventful prenatal course delivers a 3900 g fe-
male child. At birth the infant is noted to have decreased tone, upslant-
ing palpebral fissures, epicanthal folds, redundant nuchal skin, clino-
dactyly of the fifth fingers, and brachydactyly, and the extremities show

a single transverse palmar crease.
4 What is the most likely diagnosis?

4 What is the next step in the evaluation?
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the 15th and 20th weeks of pregnancy, which could have
demonstrated a pattern suggestive of Down syndrome. Further
evaluation (such as amniocentesis or chorionic villus sam-

plgng) to confirm a chromosomal abnormality could then have
been offered.

APPROACH TO THE DYSMORPHIC CHILD

Definitions

Advanced maternal age: The incidence of trisomy 21 increases
dramatically each year beyand 35 years of age. At 35 years of age,
the incidence is 1 in 378 liveborn infants, increasing to 1 in 106
by age 40 years and to 1 in 11 by age 49 years.

Brachydactyly: Excessive shortening of tubular bones in the
hands and feet resulting in a box-like appearance.

Clinodactyly: In-curving of one of the digits (in Down syndrome
the fifth digit curves toward the 4th digit because of mid-phalanx
dysplasia).

Dysmorphic child: One who shows a problem with generalized
growth or in the formation of one or more structures of the body.
Identification of dysmorphic child can lead to the diagnosis of a
syndrome (a constellation of features having a common cause; i.e.
all the features of Down syndrome being caused by extra chro-
mosome 21 material); an association (sporadic occurrence of two
or more features occurring together more commonly than would
be expected; i.e. the features of VATER [Vertebral problems, 4nal
anomalies, Trachea problems, Esophageal abnormalities, and Ra-
dius or Renal anomalies] association resulting from an unknown
cause), or sequence (a condition that results from a single defect
which then leads to a series of subsequent abnormalities; i.e. Pot-
ter disease, which is a lack of normal kidney function in the infant
leading to reduced urine output, oligohydramnios, and constraint
deformities. Common facial features in this sequence includes
wide-set eyes, flattened palpebral fissures, prominent epicanthus,
flattened nasal bridge, mandibular micrognathia, and large, low-
set ears that are deficient in cartilage.).
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Triple screen: Measurements of a-fetoprotein (AFP), human
chorionic gonadotropin (hCG), and estriol levels, usually per-
formed at 15 to 20 weeks gestation. These tests screen for a vari-
ety of genetic problems. Approximately 60% of the babies with
Down syndrome and 80% to 90% of the babies with neural tube
defects will be identified by this testing.

Clinical Approach

The first evaluation of the newborn occurs in the delivery room where
the attendant attempts to ensure the successful transition of an infant
from an intrauterine to an extrauterine environment and focuses pri-
marily 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 Down syndrome.

Information gathered during the prenatal course provides some po-
tentially important clues in the evaluation of a dysmorphic child. The
age of the parents (the incidence of chromosomal abnormalities in-
creases with increased maternal and sometimes paternal age), degree of
fetal movement noted during pregnancy. maternal exposure to drugs
and other teratogens, family history of dysmorphic children, and the re-
sults of prenatal testing including triple screening and chorioamnionic
or chorionic villous testing may prove to be helpful. For instance. an
older mother who has an abnormal triple screen with a low AFP level
would be at higher risk of delivering a child with Down syndrome.

The physical examination is critical to the diagnosis of a dysmorphic
child. In the case of the child with Down syndrome, a distinctive pat-
tern of abnormalities can lead to a presumptive diagnosis. More than
90% of children with Down syndrome have characteristic features in-
cluding upslanting palpebral fissures; Brushfield spots; flat facial pro-
tile; small and rounded ears; excess nuchal skin; widespread nipples:
dysplasia of the pelvis; hyperflexibility of the joints; clinodactyly of
their fifth fingers; a single transverse palmar (simian) crease: hypoto-
nia; and a poor Moro reflex. Other features include brachycephaly (dis-
proportionate shortness of the head). epicanthal folds, brachydactyly.
wide spacing between first and second toes, and short stature.
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In the newborn period, at least two potentially life-threatening con-
ditions must be addressed. Approximately 50% of infants with Down
syndrome have cardiac defects—most commonly an endocardial
cushion defect (60%), ventricular septal defect (32%), and tetralogy of
Fallot (6%). A cardiology consultation and echocardiogram are usually
indicated. Approximately 12% of infants with Down syndrome have
intestinal (usually duodenal) atresia, some of whom may present
with a history of polyhydramnios during pregnancy. All infants with
Down syndrome have a variable degree of hypotonia and sometimes
slower feeding. Should an infant with presumed Down syndrome de-
velop persistent vomiting after feeds (especially if the vomiting is bil-
ious), an upper GI study will likely reveal the characteristic “double-
bubble” pattern of duodenal atresia for which surgical intervention
is warranted.

Confirmation of the diagnosis of Down syndrome requires a deter-
mination of the child’s chromosomal configuration. A complete, extra
chromosome 21 (nondysjunction [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 segment of DNA from
one chromosome and attachment of that segment to a different chro-
mosome), and 3% are mosaics (more than one type of cell in a person;
usually described as a percentage of abnormal cells). Parents of chil-
dren with Down syndrome caused by translocation should also be
checked for chromosomal aberrations; the risk of recurrence can ap-
proach 100% when one parent has a translocation defect.

Other newborn conditions associated with Down syndrome include
hearing loss, strabismus, cataracts, nystagmus and congenital hypothy-
roidism. Hearing is evaluated with brainstem auditory evoked response
or otoacoustic emission by 3 months of age. A pediatric ophthalmolo-
gist evaluates the eyes by 6 months of age, and thyroid function is as-
sessed as part of each state’s routine newborn screening program.
Longer-term consequences of Down syndrome include a higher risk for
leukemia, acquired hypothyroidism, atlantoaxial (cervical spine) insta-
bility, and premature aging. All children with Down syndrome are men-
tally retarded, but the intelligence quotients in these children are widely
variable; for example, mosaics can exhibit near-normal intelligence.

“Well-child care” takes on special meaning for children with Down
syndrome. In addition to providing routine care based on the American
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Table 3-1
HEALTH SUPERVISION FOR CHILDREN WITH DOWN
SYNDROME—COMMITTEE ON GENETICS*

INFANCY, | MONTHTO 1 YEAR

2 4 6 9
PRENATAL NEONATAL MONTHS MONTHS MONTHS MONTHS
Diagnosis
Karyotype reviewt . .
Phenotype review . .
Recurrence risks . .
Aanticipatory guidance

Early intervention services .
Reproductive options M
Family suppon M

.

Support groups
Long-term planning
Sexuality

Medical evaluation
Growth
Thyroid screening 3

Hearing screening o S/o S/o Sio S/o

Vision screening Sto Sio* Slo Slo Slo*
Cervical spine roentgenogram
Echocardiogram .
Complete blood count [

Psychosocial
Development and behavioral Sio Sio Sto S/o S/o
School performance
Socialization

Slo

*Assure compliance with the American Academy of Pediatrics “Recommendations for Preventive Pediatnic Health Care ™

* = 10 be performed; S = subjective. by history: and 0 = objective, by a standard testing method.
‘Or at ime of diagnosis.

‘Discuss referral to specialist.
“Give once in this age group.
*According 10 state law.

‘As needed.

**See discussion.

(Used with permission of the American Academy of Pediatrics. Commutiee on Genetics, Health supervision for children with Down
syndrome. Pediarrics 2001;107:443.)

Academy of Pediatrics” (AAP) guidelines for health supervision that
apply to all children, the AAP has promulgated additional guidelines to
address the particular needs of children with Down syndrome (Table
3—-1). Periodic objective thyroid, hearing, and vision screenings are fo-
cal points of the medical evaluation. Equally important in the success-
ful management of the patient with Down syndrome is appropriate psy-
chosocial intervention. Appropriate home/environmental, educational,
and vocational interventions can improve the level of function of chil-
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EARLY CHILDHOOD. 1 TO S YEARS LATE
CHILDHOOD. ADOLESCENCE.
12 N 18 24 3 4 STO 13 YEARS 13TO 21 YEARS.
MONTHS MONTHS MONTHS MONTHS YEARS YEARS ANNUAL ANNUAL
. .
. . . - . . . .
3 ot ot
o o 9 o o o o o
o ° o [ o o
Sro'o S0t Sio So Sio* S/o
Sio Sio’ Sio Se Sio" Sio
o
o
Sic S0 Sio Sio Sio Sio Sro Sio
[ o o o «
S S S

dren with Down syndrome facilitating their transition to adulthood.
Providing personal support to the family, assisting with applications for
financial and medical support programs, and helping with submission
for Supplemental Security Income (SSI) benefits are within the
purview of the pediatric healthcare provider.

Comprehension Questions

[3.1] A small-for-gestation age infant is born to a 35-year-old woman.
The infant is noted at birth to have low-set and malformed ears,
microcephaly, rocker-bottom feet, inguinal hernias, cleft lip and
palate, and micrognathia. Chromosomal analysis is hikely to re-
veal which of the following?
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(3.2)

[3.3]

. Holt-Oram syndrome

. Turner syndrome

. Edwards syndrome (trisomy 18)
. Patau syndrome (trisomy 13)
Down syndrome (trisomy 21)

Mo Ow»

A 15-day-old infant with respiratory distress is brought into the
emergency department. A quick observation suggests that the in-
fant has slight cyanosis, hepatosplenomegaly, and features consis-
tent with Down syndrome. 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 bor-
der, and a harsh apical holosystolic murmur in the mitral area.
Which of the following cardiac conditions is most likely to explain
the heart defect in this infant with probable Down syndrome?

A. Complete atrioventricular (A-V) canal (endocardial cushion
defect)

Transposition of the great vessels
Total anomalous venous return

Hypoplastic left heart
Tricuspid atresia

monow

A small-for-gestation age and dysmorphic newborn infant with
microcephaly and sloping forehead, cutis aplasia (missing portion
of the skin and hair) of the scalp, polydactyly, microphthalmia,
and omphalocele is likely to have which of the following:

§
Holt-Oram syndrome

Turner syndrome

Edwards syndrome (trisomy 18)
Patau syndrome (trisomy 13)
Down syndrome (trisomy 21)

moOow»

The parents of an 8-year-old Down syndrome boy arrive for his an-
nual well-child check up. He wants to participate in sports, includ-
ing the Special Olympics. Until further evaluation can be com-

pleted. which of the following sports would you suggest as being
safe”?
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[3.1]

[3.2)

(3.3]

[3.4]

A. Diving
B. Football
C. Tennis
D. Tumbling
E. Wrestling

Answers

C. The description is very characteristic of trisomy 18. Other fea-
tures include clenched hands with overlapping digits, small
palpebral fissures, prominent occiput, short sternum, and cardiac
defects (including ventricular septal defect, atrial septal defect,
patent ductus arteriosus, or coarctation of the aorta).

A. While ventricular septal defects are common heart defects in
patients with Down syndrome, the most characteristic lesion is
endocardial cushion defects. Slight cyanosis occurs because of
the mixing of deoxygenated with oxygenated blood.

D. The appearance of cutis aplasia and polydactyly strongly sug-
gests trisomy 13. Other common features include holoprosen-
cephaly. cleft lip/palate, postaxial polydactyly, flexed and overlap-
ping fingers, coloboma, and cardiac defects (ventricular septal
defect, atrial septal defect, patent ductus arteriosus, dextrocardia).

C. Until lateral cervical flexion-extension films confirm normal
anatomy, contact sports, and other activities that may result in
forceful flexion of the neck should be avoided.
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CLINICAL PEARLS

Down syndrome is the most common autosomal chromosome
abnormality in liveborn infants, increasing in incidence
with advanced maternal age.

The most common features of Down syndrome in a neonate
are hypotonia with poor Moro reflex, flat faces, slanted
palpebral fissures, laxity of joints, and excessive skin on
back of neck.

Common problems associated with trisomy 21 include cardiac
defects and duodenal atresia.

Common features of trisomy 18 (Edwards) syndrome in-
clude weak cry, single umbilical artery, micrognathia
with small mouth and high arched palate, clenched hand
with overlapping of index finger over the third finger,
simian crease, rocker-bottom feet, small pelvis, and short
sternum.

Common features of trisomy 13 (Patau) syndrome include mi-
crocephaly and sloping forehead, deafness, cutis aplasia of
the scalp, microphthalmia, coloboma, cardiac defect (espe-
cially ventricular septal defect), omphalocele, single umbil-

ical artery, and hypersensitivity to agents containing at-
ropine and pilocarpine.
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4 CASE 4

A 3-year-0ld child and her family who are recent refugees from politi-
cal unrest in their native east European country come to your office as
new patients. The parents report their daughter to be a product of a full-
term pregnancy with a birthweight of 1800 g. The child has not devel-
oped normally and does not have a diagnosis. You note that the child
has short stature, hypotonia, and a small head with a round face. She
has epicanthal folds, hyperteloriém., and seems to be rather sensitive to

loud sounds. Most impressive is her persistent. loud. high-pitched cry.
4 What is the most likely diagnosis?

4 What is the etiology of this patient’s problem?
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ANSWERS TO CASE 4: Cri-Du-Chat Syndrome

Summary: This is a developmentally delayed child with distinctive fea-
tures including microcephaly, moonlike face, and a distinctive high-

pitched (cat-like) cry.
4 Most likely diagnosis: Cri-du-chat syndrome

4 Etiology: Deletion of the short arm of chromosome 5 (85% are
paternal in origin)

Analysis

Objectives

I. Know the signs and symptoms of cri-du-chat and other common

chromosome deletion syndromes.
Understand the difference between chromosome deletion and

chromosome microdeletion syndromes and the appropriate

t2

means 1o evaluate them.

Considerations

This child has distinctive features suggestive of a chromosomal abnor-
mality. probably cri-du-chat. The initial evaluation focuses on the po-
tentially life-threatening medical problems that are associated with cri-
du-chat (or other chromosomal abnormalities). After this stabilization
period. a thorough evaluation of the family’s psychosocial environment
is warranted because children with special needs can be physically,

emotionally, and financially challenging.

APPROACH TO CRI-DU-CHAT

Definitions

Chromosomal deletion: Occurs when a piece of a chromosome is
missing. Large (macro) deletions can be seen in routine chromo-

T s . it otin

e ——
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some preparations. A submicroscopic deletion is a small chromo-
some deletion that is not identified in routine chromosomal analy-
ses; fluorescent in situ hybridization (FISH) evaluation in prophase
or metaphase is required. Chromosomal deletion syndromes often
result in mental retardation and a variety of malformations.

Clinical Approach

Cri-du-chat (Sp-) is caused by a macrodeletion of the short arm of
chromosome 5 (a deletion that is visible on-routine chromosomal
preparation); de novo deletions, accounting for 85% of cases, are usu-
ally paternal in origin, and the remaining 15% results from unbalanced
translocations from a carrier parent. Cri-du-chat is one of many chro-
mosomal macro- or submicroscopic deletions resulting in recognizable
syndromes. Other features of cri-du-chat not listed in the case presen-
tation include prominence of the metopic suture (the suture that runs
down the midline of the forehead), high arched palate, and wide and
flat nasal bridge. Congenital heart defects, scoliosis, dysplastic ears,
and dental malocclusion are also described. The high-pitched cry,
commonly likened to a cat, is caused by laryngeal maldevelopment
and diminishes as the child gets older.

Although patients with cri-du-chat are developmentally delayed, ap-
propriate psychosocial interventions can help them to communicate
their wants and needs, become independently mobile, and interact with
others. Home environment and educational interventions can improve
the level of function in these children. Providing personal support to the
family, assisting with applications for financial and medical support
programs and helping with submission for Supplemental Security In-

come (SSI) benefits are tasks within the purview of the pediatric
healthcare provider.

Comprehension Questions

[4.1] A 2-month-old child was born in a rural hospital. At the time of
birth she was noted to have distinctive facies with microcephaly,
ptosis, a beaked nose, and a low-lying philtrum. Her extremities
are notable for broad thumbs and large toes. The family is not
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[+.2]

[(4.3]

sure what evaluation was done, but they report they were told
everything was “normal.” Since hospital discharge, the child’s
weight gain has been slow and she has not achieved appropriate

developmental milestones. The next step in the evaluation of this
child should be:

Thyroid function studies

Urine and serum for organic acids
Muscle biopsy

Brain magnetic resonance imaging (MRI)
FISH karyotype preparation

Mo 0w

A very overweight 3-year-old child presents to your office. The
mother reports the child to be a product of a normal pregnancy,
although she notes the baby did not “move” as much as her other
two children. After birth the child was floppy and ate very poorly
requiring tube feeds. During the first year of life, however, the
child developed a voracious appetite and began to become very
obese yet did not grow very tall. The child has been slow in gain-
ing his milestones and appears to be developmentally delayed.
The likely etiology for this child’s condition is:

A. Prader-Willi syndrome (paternal 15q11-13)

B. Angelman syndrome (maternal 15q11-13)

C. Williams syndrome (7¢23-)

D. Wolf-Hirschhorn syndrome (4p-)

E. DiGeorge syndrome (22ql1-)

A very friendly 3-year-old child was referred to you by a local pe-

diatric cardiologist. He is followed by the cardiologist for
supravalvular aortic stenosis and by an ophthalmologist for stra-
bismus. In addition to the heart murmur and eye findings, your ex-
amination reveals a well-appearing child with mild mental retar-
dation, a very round face with full cheeks and lips, an anteverted
nose, and a long philtrum. You immediately recognize him to have:

A. Prader-Willi syndrome (paternal 15q11-13)
B. Angelman syndrome (maternal 15g11-13)
C. Wilhams syndrome (7q23-)
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[4.4]

(411

[4.2]

D. Velocardiofacial syndrome (22q11.21-q11.23) ~
E. Alagille syndrome (20p12-)

A fair-haired, blue-eyed, mentally retarded 4-year-old girl is
prone to fits of uncontrollable laughter. She has midface hy-

poplasia, prognathism (protruding jaw), an unusual gait, and a
seizure disorder. She likely has:

Wolf-Hirschhorn syndrome (4p-)
Angelman syndrome (maternal 15q11-13)
Williams syndrome (7q23-)
Smith-Magenis syndrome (17p11.2)
DiGeorge syndrome (22q11-)

Mo 0w

Answers

E. The child has many signs and symptoms of Rubinstein-Taybi
syndrome (16p13-), a microdeletion syndrome. Routine chromo-
some analysis may not identify this syndrome; FISH (fluorescent
in situ hybridization) chromosome preparations are revealing.

A. Prader-Willi syndrome (15q11-15) is associated with devel-

opmental delay and defective satiety center, such that affected pa-
tients will eat constantly.

(4.3] C.Williams’ syndrome (7923-) is associated with aortic stenosis,

blue eyes, and cranial facial abnormalities.

[4.4] B. Children with Angelman syndrome (15q11-13) have inappro-

priate bursts of laughter, ataxia, hypopigmented irises, and devel-
opmental delay.
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CLINICAL PEARLS

Common features of cri-du-chat syndrome (5p-) include siow
growth. cat-like cry, mental deficiency, microcephaly, hy-
pertelorism, epicanthal folds, downturning of palpebral fis-
sures, and hypotonia.

Rubinstein-Taybi syndrome often presents with a low IQ,
downturning of palpebral fissures, hypoplasia of maxilla,
broad thumbs and toes with radial angulation, low-set and
often malformed auricles. microcephaly, short stature, and
delaved osseous maturation.

Prader-Willi syndrome (paternal 15q11-13) presents with se-
vere hvpotonia in infancy but development of a voracious
appetite and obesity by about 1 year of age. They have
small hands and feet, microphallus, and are mentally defi-
cient.

Patients with Angelman syndrome (maternal 15q11-13) have
mental retardation, bursts of inappropriate laughter, hy-
popigmentation of their irises, large mouth with tongue
protrusion, ataxia and jerky arm movements, and seizures.

Williams svndrome (7g23-) presents with mild microcephaly
and mental retardation: blue eyes: epicanthal folds and de-
pressed nasal bridge; supravalvular aortic stenosis and pe- |
ripheral pulmonary artery stenosis: and, occasionaily, se-
vere hyvpercalcemia.

DiGeorge syndrome (22q11-) presents with hypoplasia of the
thvmus and associated defects in cellular immunity;
hvpocalcemia and seizures caused by aplasia of e
parathyroids: aortic arch abnormaiities; and unusua! facies |
that includes hypertelorism, short philtrum, and down-
turned palpebral fissures.
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4 CASE 5

A large 15-year-old male is brought to clinic by his mother for routine
care. He attends special education classes in public school where the
teachers note that he is “hyperactive.” His physical examination 1s no-
table for his large size, a long face with prominent Jaw and ears, and a
thickened nasal bridge extending toward the tip of his nose. He has a

cardiac click suggestive of mitral valve prolapse, and large testes.

4 What is the most likely diagnosis?

4 What is the best test to diagnose this condition?
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ANSWERS TO CASE 5: Fragile X Syndrome

Summary: This 1s a 15-year-old male with mental retardation and a dis-
tinctive physical appearance.

4 Most likely diagnosis: Fragile X syndrome, the most common

inherited form of mental retardation, with an incidence of 1 in
2000 births.

4 Best diagnostic test: DNA analysis demonstrating an expanded
Xq27.3 region. Alternatively, a “fragile X” chromosome analysis
1s performed under special conditions to demonstrate the fragile
site on the distal long arm of the X chromosome.

Analysis

Objectives

. Understand the signs and symptoms of fragile X syndrome.
Appreciate the variety of causes of mental retardation in chil-
dren.

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

[

[

Considerations

School system professionals have identified this adolescent’s need for
special education. A review of the testing performed by the school may
gives clues to his diagnosis. Identifying the etiology of his mental re-
tardation impacts the psychosocial outcomes for this adolescent as well
as family planning decisions for his parents. Particularly important in
this case 1s the determination of the health and development of this pa-

tient’s and his parents’ siblings, especially the males on the mother’s
side.
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APPROACH TO FRAGILE X SYNDROME
Definitions

Fragile X syndrome: A specific syndrome associated with men-
tal retardation caused by the expansion of the familial mental re-
tardation 1 (FMR1) gene at chromosome Xp27.3.

Mental retardation: A clinically and socially important impair-

ment of measured intelligence and adaptive behavior that is diag-
nosed before 18 years of age.

Clinical Approach

Causes of mental retardation include preconceptual and early embry-
onic disruptions (chromosomal abnormalities, teratogens, placental
dysfunction, congenital central nervous system malformations); fetal
brain insults (infections, toxins, placental problems); perinatal difficul-
ties (prematurity, metabolic disorders, infections); postnatal brain in-
juries (infections, trauma, metabolic disorders, toxins, poor nutrition);
and miscellaneous postnatal family difficulties (poverty, poor caregiver-
child interaction, parental mental illness). A category of “unknown eti-
ology” includes children with mental retardation who do not appear to
fit into the above categories.

The history of any child with possible mental retardation includes an
evaluation of the child’s developing psychosocial skills, and a review of
school reports. The ultimate diagnosis of mental retardation may re-
quire formal testing to determine if the child’s 1Q falls below some set
point such as 80. A determination whether formal testing should be per-
formed is based on physical examination findings, developmental his-
tory and school history, and concerns of the family and/or teachers. All
males with fragile X have developmental delay; the 1Q of affected boys
usually ranges from 30 to 55. Heterozygous girls are usually less af-
fected than boys, but developmental delay and behavioral problems are
often seen. Children with fragile X syndrome often have temper
tantrums and autism, in addition to having mental retardation.
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Physical findings found on patients with mental retardation include
a large or small occiput, unusual color or distribution of hair, distinc-
tive eyes, malformed ears or nose, and abnormalities in the size of the
jaw. the shape of the mouth, or the height of the palate. The hands and
feet may have short metacarpals or metatarsals. overlapping or super-
numerary 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 mental retardation caused by
fragile X svndrome tvpically exhibit macrocephaly, long face, high
arched palate. large ears. macroorchidism after puberty. joint laxity. and
poor motor coordination.

Laboratory testing ot a child with mental retardation is based on the
pattern of ¢linical findings and developmental milestones. A newly de-
veloped. more sensitive chromosomal analyvsis 1s now avatlable to test
for fragile X. Other testing for mental retardation may include urine
and serum for amino and organic acids. serum levels of various com-
pounds including ammonia. lead. zinc. and copper, and serum titers for
congenital infections. Radiologic evaluation may include cranial CT,
MRI. or electroencephalograms.

Management of all children with mental retardation includes spe-
cialized educational services, early childhood interventions. social
services, vocational training. and psvchiatric interventions. Further in-
terventions for children with specific underlying etiologies may include
modifving the diet. providing specific genetic counseling, or reviewing
the natural course of the disease with the family.

t

Comprehension Questions

Match the following genetic disorders (A to E) to the clinical descrip-
tion [S.1 to 5.3):

A Khinefelter svndrome (XXY)
B, XYY male

. Turner svndrome (XO)

Do Fragile X syndrome

! NXX svndrome
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[5.1]

[5.3]

An institutionalized male juvenile delinquent appears at first
glance to be normal. Upon closer examination he is noted to have
severe nodulocystic acne, mild pectus excavatum, large teeth,
prominent glabella, and relatively long face and fingers. His fam-
ily reports that he has poor fine motor skills (such as penman-
ship), an explosive temper, and a low normal 1Q.

A tall, thin 14-year-old boy has yet to have any signs of puberty.
His mother reports that he was delayed in his speech develop-
ment and always has done less well in school than his siblings.
She reports that he is very shy, and teachers report his activity to
be immature. Physical examination reveals signs of breast devel-
opment, and long limbs with a decreased upper to lower segment

ratio. His testes and phallus are small, and he has no evidence of
pubertal development.

A 15-year-old with primary amenorrhea is noted to be well below
the Sth percentile for height for her age. Her vital signs are sig-
nificant for hypertension. On examination, she has a Jow poste-

rior hairline, prominent and low-set ears, and excessive nuchal
skin.

A 7-year-old male with mental retardation was born at home at
26 weeks’ gestation to a 28-year-old mother who had received no
prenatal care. A thorough evaluation of this child is likely to sug-
gest his mental retardation related to:

. Brain tumor
Elevated serum lead levels
Complications of prematurity

Congenital infection with cytomegalovirus
Chromosomal aberration

monwe

Answers

B. XYY-affected males often have explosive tempers. Other find-
ings include long and asymmetrical ears, increased length versus
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[5.2]

[5.4]

breadth for the hands, feet and craniai vault, and mild pectus
excavatum. By age 5 or 6 years, these boys tend to be taller

than their peers, and they begin displaying aggressive/defiant
behavior.

A. With Kleinfelter syndrome (XXY), testosterone replacement
allows for more normal adolescent male development, although
azoospermia is the rule. The incidence of breast cancer in XXY
males approaches that of women.

C. Other features of Turner syndrome include widely spaced nip-
ples and broad chest; cubitus valgus (increased carrying angle of
arms); edema of the hands and feet in the newborn period; con-
genital heart disease (including coarctation of the aorta or bicus-
pid aortic valve); horseshoe kidney; short fourth metacarpal and
metatarsal; hypothyroidism; and decreased hearing. Mental de-
velopment is usually normal.

C. Prematurity at birth, especially when <28 weeks’ gestation, is
associated with a variety of complications (such as severe intra-

ventricular hemorrhage) that can result in developmental delay
and low 1Q.
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CLINICAL PEARLS

Males with Klinefelter syndrome (XXY) have mild mental de-
lay, eunuchoid habitus, gynecomastia, long arms and legs,
and hypogonadism.

Males with XYY chromosomal configuration present with ex-
plosive (often antisocial) behavior, weakness with poor fine
motor control, accelerated growth in mid-childhood, large
teeth, prominent glabella and asymmetncal ears, and severe
acne at puberty.

Girls with Turner syndrome (45,X0) exhibit short stature,
amenorrhea, excessive nuchal skin, low posterior hairline,
broad chests with widely spaced nipples, cubitus valgus,
and coarctation of the aorta. Hypertension is common, pos-
sibly owing to renal abnormalities (horseshoe kidney).
Fragile X syndrome, the most common form of inherited men-
tal retardation, is seen primarily in boys and can be diag-
nosed in mentally retarded patients (particularly boys) with
macrocephaly, long face and high-arched palate, large ears,
and macroorchidism after puberty.
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& CASE6

A 6-month-old child is brought to your office for a well-child exami-
nation. His family recently moved to the United States from Turkey.
The child’s past medical and family histories are unremarkable except
that goat’s milk is the child’s sole source of nutrition. The child appears

to be healthy on examination.

4 What hematologic problem is most likely to develop in this
infant?

4 What other concerns should a healthcare provider consider in
a child fed goat’s milk?
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ANSWERS TO CASE 6: Megaloblastic Anemia

Summary: This is a 6-month-old child who is fed exclusively goat’s
milk.

4 Likely complication: Megaloblastic anemia from folate or B,
deficiency.

4 Other concerns: Brucellosis if milk is unpasteurized.

Objectives

1. Appreciate the benefits of breast-feeding.

2. Know the nutritional supplements recommended for mothers
who breast-feed.

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

4. Appreciate the clinical syndromes resulting from diets contain-
ing vitamin excesses and deficiencies.

Considerations

A wide variety of feeding regimens exist for infants and toddlers—
breast-feeding, formula feeding, goat’s milk, other types of nonformula
milk, commercial or handmade baby foods, and table foods. An impor-
tant role of the pediatric healthcare provider is to educate parents about

the benefits and potential dangers of various diet choices for their in-
fants and toddlers.

APPROACH TO INFANT NUTRITION
Definitions
Lactovegetarians: Diet devoid of animal products but includes

milk.
Omnivores: Diet includes both animal and vegetable products.
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Ovovegetarians: Diet devoid of animal products but includes
eggs.
Vegan: A vegetarian whose diet is devoid of all animal products.

Clinical Approach

Infant formulas containing goat’s milk are not routinely available in the
United States, although they are available in other countries. Goat’s
milk has lower sodium levels but more potassium, chloride, linoleic and
arachidonic acid than does cow’s milk. It 1s low in vitamin D, iron, fo-
late, and vitamin B,,. Therefore, infants receiving goat’s milk as a
primary source of nutrition should receive supplementation with
folate and vitamin B, to prevent megaloblastic anemia and iron to
prevent iron-deficiency anemia. Additionally, goat’s milk must be
boiled before ingesting because goats are particularly susceptible to
brucelosis.

Breast milk is considered the ideal food for human infants because
it contains complete nutrition as well as antimicrobial properties. In de-
veloping countries, breast milk is associated with lower infant morbid-
ity and mortality, mostly owing to a reduction in diarrhea associated
with contaminated water used in formula preparation. Breast milk
contains high concentrations of IgA, an immunoglobulin that reduces
the adherence of viruses and bacteria to the intestinal wall, and
macrophages that inhibit the growth of Escherichia coli. Many studies
recogmze the psychological advantages for mothers and infants who
breast-feed. Breast milk provides all of the necessary nutrients for in-
fant growth (with the possible exception of vitamin D and fluoride).
Disadvantages of breast-feeding include the potential to transmit
HIV and possibly other viruses, occasional exacerbation of jaundice
because of increased levels of unconjugated hyperbilirubinemia (re-
solved with temporary interruption of the breast-feeding), and its asso-
ciation with low levels of vitamin K, contributing to hemorrhagic dis-
ease of the newborn (prevented by administration of vitamin K at birth).

Formula feeding has been substituted for breast-feeding for a variety
of reasons including concern about appearance and personal prefer-
ence. Manufacturers of commercial formulas strive to provide products
as similar to human milk as possible. Growth rates of infants fed cow’s
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Table 6-1

EFFECTS OF VITAMIN AND MINERAL DEFICIENCY

OR EXCESS

DEFICIENCY

EXCESS

Vitamin A

Night blindness, xerophthalmia,
keratomalacia, conjunctivitis, poor
growth, impaired resistance to
infection, abnormal tooth enamel
development

Increased intracranial
pressure, anorexia,
carotenemia, hyperostosis
(pain and swelling of

long bones), alopecia,
hepatomegaly, poor growth

Vitamin D

Rickets (with elevated serum
phosphatase levels appearing before
bone deformities), osteomalacia,
infantile tetany

Hypercalcemia, azotemia,
poor growth. nausea and
vomiting, diarrhea.
calcinosis of a variety of
tissues including kidney,
heart, bronchi, stomach

Vitamimn E

Hemolytic anemia in premature
infants

Unknown

Ascorbic acid
(vitamin C)

Scurvy and poor wound healing

May predispose to kidney
stones

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
diarrhea) flushing, pruritus
Pynidoxine In infants, irritability, convulsions, Sensory neuropathy
(vitamin B,) anemia; in older patients (on

isoniazid), dermatitis, glossitis
cheilosis, peripheral neuritis
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Table 6-1
EFFECTS OF VITAMIN AND MINERAL DEFICIENCY
OR EXCESS (Continued)

DEFICIENCY EXCESS

Folate Megaloblastic anemia. glossitis Usually none
pharyngeal ulcers, impaired
cellular immunity

Cobalamin Pernicious anemia, neurclogic 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

milk formula are similar to those of breast-fed infants. Improved steril-
1zation procedures and refrigeration in developing countries have re-
duced the widespread problem of gastrointestinal infections previously
associated with formula feedings.

A wide variety of formulas are available for infants with special
needs. Infants with phenylketonuria require formulas low in phenylala-
nine (Lofenalac) and those unable to digest protein require nitrogen in
the form of amino acid mixtures (Nutramigen or Pregestimil). Infants
with cow’s milk allergies often benefit from soybean-based formulas
(ProSobee or Isomil).

Vegan diets supply all necessary nutrients if a variety of vegetables
are selected. Some evidence suggests that the higher fiber of the vege-
tarian diet leads to faster gastrointestinal transit time, resulting in re-
duced serum cholesterol levels, less diverticulitis, and a lower inci-
dence of appendicitis. Breast-feeding vegan mothers are supplemented
with vitamin B, to prevent the infant’s developing methylmalonic
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acidemia [a disorder of amino acid metabolism, involving a defect in
the conversion of methylmalonyl-coenzyme A (CoA) to succinyl-CoA};
patients can present with failure to thrive, seizure, encephalopathy,
stroke or other neurologic manifestations. Toddlers on a vegan diet are
supplemented with By, and, because of the high fiber content and rapid
gastrointestinal transit time, are also supplemented with trace minerals
that can be depleted.

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

Comprehension Questions

[6.1] A 2-day-old infant presents to the emergency room with signifi-
cant bleeding from the rectum and nose. He was the product of a
full-term pregnancy that appeared to be without complications.
He was delivered at home by a lay midwife and had Apgar scores
of 9 and 9 at 1 and 5 minutes, respectively. He had been doing
well on breast-feedings; this is his first visit to a health care pro-
fessional since birth. Which of the following vitamin deficiencies
might explain his condition?

Vitamin A
Vitamin B,
Vitamin C
Vitatnin D
Vitamin K

monw>

[6.2] A 6-month-old infant has been growing poorly. His parents have
changed his formula three times, but he continues to grow poorly.
His physical examination is remarkable for a pale, emaciated
child with little subcutaneous fat and fullness to his anterior
fontanelle. His laboratory screening tests are notable for a he-
molytic anemia and prolonged bleeding times. Which of the fol-

lowing laboratory tests is an appropriate next step to diagnose his
condition?
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(6.3]

[6.4]

[6.1]

A. Serum factor IX levels .

B. Urine for pH and electrolytes
C. Serum immunoglobulins

D. Sweat chloride ,
E. Hemoglobin electrophoresis

A breast-fed infant is expected to have a lower incidence of which
of the following common childhood conditions:

A. Conjunctivitis

B. Impetigo

C. Diarrhea

D. Urinary tract infections
E. Asthma

A 3-week-old is admitted for failure to thrive, diarrhea, and a
sepsis-like picture. He does well on intravenous fluids, but when
started on routine infant formula with iron, he develops symp-
toms again. It is Saturday and the laboratory at the state health

department is not available to assist you. The formula likely to be
required in this infant is:

. Soy-based formula (ProSobee or Isomil)

Amino-acid based formula (Nutramigen or Pregestimil)
Low-phenylalanine formulas (Lofenalac or Phenex-1)
Low-iron, routine infant formula (Similac with low iron or
Enfamil with low iron)

Low-isoleucine, -leucine, and -valine infant formula (Ke-
tonex-1 or MSUD 1)

Cowp

m

Answers

E. Newborn infants have a relative deficiency of vitamin K, es-
pecially those who are breast-fed; most infants are routinely ad-
ministered vitamin K at birth to prevent bleeding complications
associated with this deficiency.
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[6.

(6.

6.

Breast-feeding is associated with lower morbidity and mortal-

Breast-feeding provides ail of the necessary nutrients for in-

A breast-feeding vegan (diet is totally devoid of animal prod-

2] D. The patient appears to have failure to thrive (FTT) with defi-
ciencies of vitamin K (bleeding problems), vitamin A (fullness to
fontanelle), and vitamin E (hemolytic anemia). Cystic fibrosis

(associated with malabsorption of these vitamins) would explain
the condition. :

3] C. Breast-feeding is associated with a lower incidence of diar-
rhea.

4] A.This patient appears to have galactosemia for which a lactose-
free formula is appropriate. The low-phenylalanine formulas are
for infants with phenylketonuria: low-iron formulas serve no pur-
pose other than contributing to iron-deficiency anemia, the low-
isoleucine. -leucine. and -valine infant formulas are useful for
patients with maple syrup urine disease. and the amino-acid-

based formulas are excellent for children with malabsorption
syndromes.

CLINICAL PEARLS

ity (especially in developing countries) mostly owing to a
reduction in enteric pathogens and diarrhea associated with
contaminated water used in formula preparation.

fant growth with the possible exception of vitamin D and
fluoride, which are usually supplemented.

ucts) should supplement her infant’s diet with vitamin B>
to prevent methylmalonic acidemia and her toddler’s diet
with B, and trace minerals.
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€ CASE7

An 8-month-old child presents to your clinic with a 24-hour history of
increased crying when moving her right leg. The child has a prominent
oulge over the mid-right thigh where she had received an immunization
yesterday. The child has had no fever nor éhange in appetite, and seems
to be 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 demonstrates a mid-shaft fracture and poor

mineralization.
4 What is the mechanism for this condition?

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

Summary: An 8-month-old child with a chronic medical condition that

likely includes biliary atresia, poor mineralization of the bones, and a
fracture.

4 Mechanism: malabsorption of vitamin D (among other fat-

soluble vitamins) because of lack of intestinal secretion of bile
salts, resulting in rickets.

4 Best diagnostic tests: serum 25(OH)D, calcium, phosphorus, and

alkaline phosphatase levels. Radiographs demonstrate poor
mineralization of the bones.

Analysis

Objectives

Become familiar with the clinical presentation of rickets.
2. Understand the pathophysiology behind nutritional and nonnu-
tntional forms of rickets.

3. Appreciate some of the other metabolic causes for fractures in a
child.

t

Considerations

This child has biliary atresia and underwent a failed Kasai (biliary by-
pass) procedure. A variety of metabolic aberrations can be expected
while this child awaits liver transplantation. A thorough review of this
child’s medications and her compliance in receiving them is warranted.
Because of the extremely brittle nature of this child’s bones, it is likely
that her leg was fractured while receiving immunizations.
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APPROACH TO THE CHILD WITH POSSIBLE RICKETS
Definitions

Biliary atresia: A congenital condition affecting approximately 1
in 16,000 live births in which the bile ducts within the liver be-
come blocked, resulting in reduced flow of bile from the liver. Fi-
brosis of the liver results, ultimately preventing any bile flow into
the bowel. '

Genu valgum: “Knock” knees.

Genu varum: “Bowed” legs.

Kasai procedure: An operative procedure in which a loop of
bowel is used to form a duct to allow bile to drain from a liver
with biliary atresia. The procedure has been named afier the
Japanese surgeon who pioneered the technique.

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

Clinical Approach

A patient with liver failure, especially biliary atresia, is at high risk
of rickets because of poor bile salt secretion into the bowel lumen,
resulting in poor absorption of fat-soluble vitamins, including vita-
min D. The poor absorption of vitamin D leads to the typical picture
of low serum 25(OH)D, occasionally reduced serum calcium levels,
markedly elevated serum alkaline phosphatase, poor mineraliza-
tion of the bones, and an increased incidence of bone fractures.
Children with liver failure who develop ascites and are treated with
loop diuretics often experience excessive urinary calcium losses. Treat-
ment, aimed at restoring normal bone mineralization, consists of high
doses of vitamin D and calcium supplementation.

Nutritional rickets results from a diet inadequate in vitamin D and/or
a lack of exposure to sunlight (see Figure 7-1). It is rare in industrial-
ized countries in otherwise healthy children. This condition is occa-
sionally 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, however, are liver or renal failure or a
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Figure 7-1. Vitamin D metabolism.
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variety or biochemical abnormalities in the normal metabolism of cal-
cium and phosphorus (Table 7-1).

The most common form of nonnutritional rickets is the X-linked
dominant genetic disorder, (familial) primary hypophosphatemia.
Affected individuals have defects in teabsorption of phosphate and
conversion of 25(OH)D to 1,25(0OH),D in the proximal tubules of the
kidneys is abnormal resulting in low serum 1,25(OH),D, low-normal
serum calcium, moderately low serum phosphate, elevated serum al-
kaline phosphatase, hyperphosphaturia, and no evidence of hyper-
parathyroidism. Children with this disorder present at the age of walk-
ing with smooth lower extremity bowing (as compared to angular
bowing seen in calcium-deficient rickets). They also have a waddling
gait, genu varum, genu valgum, coxa vara, and short stature. Other
findings more common of calcium deficient rickets, such as myopathy,
rachitic rosary, pectus deformities, and tetany, are not usually seen.
Children with familial hypophosphatemia can have dental deformities
(intraglobular dentin) in contrast to the enamel defects more com-
monly seen in calcium deficient rickets. Radiologic findings include
coarse-appearing trabecular bone and widening, fraying, and cupping

of the metaphysis of the proximal and distal tibia, the distal femur ra-
dius, and ulna.

Comprehension Questions

[7.1] A 14-month-old child is noted to have lower extremity bowing, a
waddling gait, genu varum, and to be at the 5th percentile for
height. Laboratory data include low-normal serum calcium, mod-
erately low serum phosphate, elevated serum alkaline phos-
phatase, hyperphosphaturia, and normal parathyroid levels. The
most likely diagnosis in this child is:

Genetic primary hypophosphatemia
Renal osteodystrophy
Malabsorption of vitamin D
Phosphate malabsorption

Fanconi syndrome

mo0w>
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[7.2] An 8-month-old black male arrives with his mother to the emcs-
gency department with the complaint of decreased movement of
his left arm. The child is the product of a term pregnancy, has had
no significant past medical problems, and was in good health
when his mother dropped him off at daycare that morning. Ra-

diograph of the upper arm shows a spiral fracture of his left
humerus. You should:

Obtain stool for analysis for fat-soluble vitamins
Obtain serum 1,25(OH),;D levels

Admit the child and call child protective services

Send chromosomes for osteogenesis imperfecti analysis
Order serum alkaline phosphatase levels

mooOow>

[7.3] The diet of a 3-year-old child with cystic fibrosis should be sup-
plemented with:

Vitamin C
Folate
Vitamin B,»
Sodium
Vitamin D

moOws>

[7.4]1 A 5S-year-old girl is noted to be somewhat short for age and w0
have mild bowing of her legs. Her past medical history is signif-
icant only for a seizure disorder that is adequately controlled with
medications. Screening serum calcium, phosphorus, and alkaline
phosphatase levels and the urinary amino acid concentration are
‘normal. A bone age of her left wrist is notable for abnormal min-

eralization of the distal radius and ulna. Of the following, which
is most likely?

Genetic first-degree hypophosphatemia

Schmid metaphyseal dysplasia

Cystic fibrosis

Rickets associated with anticonvulsive drug use
Fanconi syndrome

mo0Ow>
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Answers

[7.1] A. Lower extremity bowing, low to normal calcium and phos-
phate levels, and normal parathyroid hormone levels point to fa-
milial primary hypophosphatemia.

[7.2] C. A spiral fracture of the humerus is suspiciéus for child abuse.

[7.3] 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.

[7.4] B. All of the rickets syndromes present with elevated alkaline
phosphatase levels. Schmid metaphyseal dysplasia is an autoso-
mal dominant condition that presents in a similar way with short
stature, bowing of legs, and waddling gait. Radiographs show ir-
regular mineralization of the long bones. Biochemically, patients
with Schmid-type metaphyseal dysostosis present with normal
serum calcium, phosphorus, and alkaline phosphatase activity as
well as with normal levels of urinary amino acids.

CLINICAL PEARLS

Nutritional rickets (a diet inadequate in vitamin D or a lack of
exposure to sunlight) is rare in industrialized countries in
otherwise healthy children. More commonly, a variety of
other medical conditions such as liver or renal failure, or
biochemical abnormalities in the normal metabolism of
calcium and phosphorus are responsible.

Genetic (familial) primary hypophosphatemia is the most
common causes of nonnutritional rickets. It is an X-linked
dominant disorder with defects in the reabsorption of phos-
phate and conversion of 25(OH)D to 1,25(0OH),D in the
proximal tubules of the kidney. Findings include low serum
1.25(0OH),D, low-normal serum calcium, moderately low
serum phosphate, elevated serum alkaline phosphatase, hy-
perphosphaturia, in the absence of hyperparathyroidism.
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CASE 8

A 5-year-old child arrives in the emergency center. His family reports
that he has been increasingly confused over several hours prior to ar-
rival. Vital signs demonstrate tachycardia, hypotension, mild hypother-
mia, and slow, deep respirations. A quick éxamination reveals poor cap-
illary refill, tenting of his skin, and altered mental status. His mother
reports that he has had a several-pound weight loss over the previous
few weeks, has been increasinglyl tired over the several days prior to ar-
rival, and that she has been particularly concerned about his 2- or 3-day
hi ry of thirst, frequent urination during the daytime, and new onset

‘turnal enuresis.
4 What is the most likely diagnosis?

4 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
presents with dehydration and Kussmaul breathing.

4 Most likely diagnosis: Diabetic ketoacidosis (DKA).

4 Best therapy: Fluid rehydration, insulin, and close monitoring of
serum glucose 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 presents in extremis. The “ABCs” of medicine apply. He is
confused but is not obtunded, so he probably does not need his Airway
controlled or his Breathing reguiated. However, his clinical examina-
tion suggests at least 10% dehydration, and his Circulatory status is of
prime interest; rapid restoration of his volume status is required. The
signs and symptoms noted on the quick history and physical suggest di-
abetes; a finger glucose confirms the diagnosis.

APPROACH TO DIABETIC KETOACIDOSIS
Definitions

Ketoacidosis: A condition that results from deficient insulin avail-
ability, leading to lipid oxidation and metabolism rather than glu-
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cose metabolism. The absence of insulin results in free fatty acid
(FFA) released from adipose tissue and in unregulated hepatic
FFA oxidation and ketogenesis.

Type I diabetes: Known by a variety of names, this condition is
c. :sed by a severe deficiency of endogenous insulin and a re-
qi.:rement for exogenous insulin to prevent ketoacidosis.

Type Il diabetes:  Also known by a variety of names, but usually
consists of patients who are insulin resistant at the tissue level (al-

though exogenous insulin is often required), and rarely progress
to ketoacidosis.

Clinical Approach

The patient who presents in DKA represents a medical emergency.
Such patients may require intubation and control of their breathing, but
these interventions are usually seen later in the disease process, with
children more commonly presenting with signs and symptoms of se-
vere dehydration and acidosis. The history is often positive for
polyuria, nausea, vomiting, and abdominal complaints. Hypother-
mia is a common finding, as are hypotension, Kussmaul respirations,
and acetone on the breath. As these signs and symptoms may be non-
specific, especially in younger children, a high index of suspicion is re-
quired to make the diagnosis in a previously unknown diabetic child.

Laboratory data demonstrates an elevated glucose (often 400 to
800 mg/dL), metabolic acidosis (with anion gap; i.e. excess endoge-
nous anion production such as from lactic acid), and hyperketone-
mia. Serum electrolytes usually demonstrate hyponatremia, and normal
or slightly elevated serum potassium (even though intracellular potas-
sium levels are depleted). Elevated blood urea nitrogen and serum cre-
atinine levels are also commonly seen as a reflection of the dehydra-
tion. White blood cell counts are often elevated, especially if a bacterial
infection is exacerbating the condition.

Treating a patient with DKA includes initial expansion of the
vascular volume, and then correction of the hyperglycemia and
hyperketonemia. Normal saline is often used to expand the vascular
volume. Fluid boluses sufficient to stabilize the heart rate and blood
pressure are sometimes required, and then a slower infusion (usually of
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a saline solution without glucose) to replace fluid loses and to ensure
adequate urine flow is initiated. Potassium is added to intravenous flu-
ids soon after urine output is established to counteract the patient’s to-
tal body potassium depletion; while the patient may present with nor-
mal or elevated serum potassium, treatment of the hyperglycemia and
acidosis drives potassium intracetlularly and hypokalemia is an avoid-
able complication. A continuous infusion of insulin at a rate of about
0.1 U/kg/h is also started (a bolus of 0.1 U/kg is often given initially),
with the infusion rate adjusted based on the results of the child’s hourly
glucose measurements. Glucose is added to intravenous fluids when the
serum glucose level drops to about 250 or 300 mg/dL, and additional
adjustments to the insulin infusion rates are made based on serum glu-
cose levels. The low plasma pH and elevated serum ketone levels
will correct significantly in the first 8 to 10 hours, but the serum bi-
carbonate level may remain low for about 24 hours or more. Im-
provement is characterized by a decrease in infusion rate of insulin and
resolution of the ketonuria; at this time, the patient is able to take oral
feedings, and insulin therapy is converted from the intravenous to sub-
cutaneous route.

During the treatment of DKA several pitfalls must be avoided. Infu-
sion of intravenous fluids with insulin and improvement in acidosis
levels is often associated with a dropping serum potassium level;
addition to the intravenous fluids of potassium is usually indicated to
prevent serious hypokalemia. Infusion of bicarbonate is usually avoided
except in extreme situations, as 1t may (a) precipitate hypokalemia.
(b) shift the oxygen dissociation curve to the left, worsening oxygen de-
livery to the organs, (c) overcorrect the acidosis, and (d) result in wors-
ening cerebral acidosis while the plasma pH is being corrected (owing
to free transfer into the cerebrum of CO, formed when the bicarbonate
is infused in an acid serum). Cerebral edema, the etiology of which is
not clearly understood, is sometimes seen manifesting as headache,
changes in personality, vomiting, and decreased reflexes. Reduction in
intravenous fluid, administration of intravenous mannitol, and hyper-
ventilation are treatment modalities should cerebral edema begin to de-
velop. Episodes of diabetic ketoacidosis (especially in the known di-
abetic) can be precipitated by bacterial infection. An evaluation for

sources of infection with institution of antibiotics (if appropriate) is
required.
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[8.1]

8.3]

Comprehension Questions

A 14-year-old girl arrives as a new patient. She was followed for
7 years in another state with a history of insulin-dependent dia-

betes mellitus. Her hemoglobin A,C is 14.9%. This laboratory
test indicates that:

She does not have insulin-dependent diabetes.

She has an underlying infection.

Her glucose control is poor.

She is demonstrating the Somogyi phenomenon.

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

moOwp

Six months after being diagnosed with what appears to be
insulin-dependent diabetes, the 5-year-old in the case presenta-
tion demonstrates a significant decrease in his requirement for
insulin. The explanation for this is most likely:

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

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

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

D. He is demonstrating the Somogyi phenomenon.

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

A 15-year-old girl presents with the complaint of abdominal pain,
vomiting, and lethargy for 3 days’ duration. On physical exami-
nation her chest and throat are clear, but her abdominal examina-
tion is significant for right Jower quadrant pain. Rectal exami-
nation is equivocal for pain, and her pelvic examination is re-
markable for pain upon movement of her cervix. Laboratory data
include an elevation of her white blood cell count, a serum glu-
cose of 145 mg/dL, and a serum bicarbonate of 21 meq/dL. Her
urinalysis is remarkable for 1+ white blood cells, 1+ glucose,
and 1+ ketones. The most likely diagnosis is:

A. Diabetic ketoacidosis
B. Pelvic inflammatory disease
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(8.4]

(8.1]

[8.2]

C. Gastroenteritis
D. Appendicitis
E. Right lower lobe pneumonia

A 16-year-old obese girl presents with enuresis, frequent urina-
tion, a white vaginal discharge, and a dark rash around her neck.
Her serum glucose is 250 mg/dL, and her urinalysis is positive
for 2+ glucose, but is otherwise negative. She most likely has:

Chlamydia cervicitis
Urinary tract infection
Psoriasis

Chemical vaginitis
Type 1 diabetes

MO0

Answers

C. The patient in the question likely has poor diabetes control.
The hemoglobin A,C is a test commonly used to follow glucose
control. It measures the average glucose levels the patient has ex-
perienced over the previous 2 or 3 months. The goal for hemo-
globin A;C for most diabetics is usually 6% to 9%. Hemoglobin
A,C levels greater than 12% suggest poor glucose control, and
levels 9% to 12% represent fair control. The Somogyi phenome-
non refers to a patient who has hypoglycemic episodes at night
manifested as night terrors, headaches, or early morning sweat-
ing who present a few hours later with hyperglycemia, ketonuria,
and glucosuria; an outpouring of counterregulatory hormones in

response to the hypoglycemia is responsible for the hyper-
glycemic episode.

E. A large number of newly diagnosed diabetic patients (up to
75%) have a progressive drop in the daily requirement of insulin
in the months following their initial diagnosis of diabetes; a few
patients require no insulin. This “honeymoon” period usually
lasts a few months, but most often a requirement for insulin re-
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turns. Patients should be counseled that the “honeymoon” period

Is not a cure, and that they almost certainly will require insulin
again,

[8.3] B.The patient in the question likely has pelvic inflammatory dis-
ease. The glucose in the urine is a stress-response to the infection,
and does not represent glucose metabolism problems. All of the
options in the question can present with abdominal pain. While
diabetes mellitus is in the differential, a patient with DKA more
likely presents with ketoacidosis (significantly decreased serum
bicarbonate levels) and high serum glucose levels.

[8.4] E. The description is of an obese child with candida vaginitis
(causing the vaginal discharge) and acanthosis nigricans (the
dark rash around the neck) consistent with type II diabetes. This
condition is far more common in overweight children, especially
those with a family history of the condition.

CLINICAL PEARLS

DKA is a medical emergency that can present with nonspe-
cific signs of dehydration, polyuria, nausea, vomiting, and
abdominal complaints, Hypothermia, hypotension, Kuss-
maul respirations, and acetone on the breath are also seen.
A high index of suspicion is required to make the diagno-
sis, especially in the younger child.

Cerebral edema is a potentially life-threatening complication
in the treatment of DKA presenting as headache, changes
in personality, vomiting, and decreased reflexes.

@ Electrolyte disturbances are common in DKA. Hypokalemia

can occur in the treatment phase if adequate sources are not

provided. Administration of bicarbonate is usually avoided

except in extreme situations for a variety of physiologic
reasons.
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A 2-month-old child arrives to your clinic for his routine “baby shots.”
You have foliowed this child in your practice since his birth. His
mother’s pregnancy was uncomplicated and he has been healthy with-

out significant problems since his 2-week checkup.

4 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 fof a routine well-child
visit.

4 Next step: Gather interval history, obtain appropriate
measurements (length, weight, and head circumference), review
results of sensory and developmental/behavioral screenings
(ensure that he can see and hear and 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 supervision) session.

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

3. Learn the side effects and contraindications of common child-
hood immunizations.

Considerations

Well-child care for this healthy infant is relatively uncomplicated. For
children with special needs, such as Down syndrome or sickle cell dis-
ease, guidelines have been developed that outline specific health su-
pervision considerations. For children with multiple handicaps result-
ing from numerous complications, such as extreme prematurity, no
specific guidelines may exist and the healthcare provider must adapt
national “well-child care” guidelines as appropriate.



CLINICAL CASES . 105

APPROACH TO CHILDHOOD WlfLL-CHILD CARE

Clinical Approach

Goals of the health supervision visit include evaluating the physi-
cal, developmental, psychosocial, and educational status of the
child in an effort to identify problems early, so that prompt intervention
can be instituted. Anticipatory guidance aims to foster good health
habits, prevent illness, and assist in family communication.

Most providers follow one of the commonly available preventive
healthcare guidelines for children. The American Academy of Pedi-
atrics (AAP) periodically updates its Recommendations for Preventive
Pediatric Health Care (Figures 9-1 and 9-2), which suggests a variety
of questions, medical procedures, and counseling areas for children
aged birth through 21 years. The Agency for Healthcare Research and
Quality (AHRQ) offers extensive guidelines for preventive healthcare
for children and adults. Although somewhat less-easily used in daily
practice, these guidelines are extensively referenced and provide a
wealth of background information. “Bright Futures” guidelines from
the National Center for Education in Maternal and Child Healthcare are
complete and easy to follow. Their length, however, makes it challeng-
ing for all recommended components to be completed in a timely fash-
ion at each visit. Regardless of the source, guidelines may be modified
to fit local practice and to serve best the patients’ needs.

Immunizations are a cost-effective and efficacious means to improve
the general health and well-being of our children. Vaccination programs
have virtually eliminated conditions such as polio and smallpox world-
wide. Other conditions, such as Haemophilus influenzae type B, measles,
tetanus, rubella, and diphtheria, are now so rare that the average medical
student or resident is unlikely to see even a single case. New recommen-
dations, such as universal immunization with influenza vaccine of 6- to
23-month-old children rather than just high-risk adults, are being con-
sidered. The Recommended Childhood Immunizations Schedule, up-
dated and released annually, is prepared and supported by a variety of or-
ganizations including the AAP, the American Academy of Family
Practice, and the Centers for Disease Control and Prevention. It is widely
available on these organizations’ Web sites and in their publications.
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Table 9-1

VACCINE ADVERSE EVENTS, CONTRAINDICATIONS,
AND PRECAUTIONS

1 CONTRAINDICATIONS
AGENT ADVERSE EVENT " OR PRECAUTIONS
Haemophilus » Pain, redness, and/or swelling at | * Anaphylactic reaction to
influenzae the injection site in 25% of vaccine
type B vaccine recipients
DPT/DTaP* « Local and febrile reactions Contraindications
vaccine » 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 to 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 “shock-like
state”) episodes (1 case per
1750 doses)

Fever of =40.5°C or 105°F
(0.3% of recipients)

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

¢ Anaphylactic reaction to
vaccine or vaccine
constituent
* Moderate or severe illness
with or without a fever
« Encephalopathy within 7
days of administration of
previous dose of DTP/DTaP
Precautions
* Fever of =40.5°C (105°F)
within 48 h of vaccination
with a prior dose of
DTP/DTaP
« Collapse or shock-like state
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