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Preface

The fifth edition of Pediatric Decision Making marks a
major editorial transition for this ground-breaking text-
book of algorithms. I turn the editorial duties over to
four outstanding clinicians for this edition, the first to be
published in the twenty-first century. I have worked
closely with these pediatricians for many years (and with
some since residency), and as their careers have matured
I have grown to greatly admire and respect their knowl-
edge, clinical skills, and teaching abilities. I am sure that
this and future editions will be creative and innovative,
providing clinicians with a valuable resource to help them
provide the very best care for children.

As a pediatrician for 39 years, I have been fortunate to
have had the opportunity to create and edit this book. I
have a career and work that I love and a wonderful sup-
portive family—my wife, Elaine, and sons, Seth and Ben.
As I reflect on why pediatrics has been so personally fulfill-
ing and meaningful, I realize the importance of having
strong personal relationships with patients and their fami-
lies. These relationships take time to mature. Caring for
children continuously over a long time, referred to as “con-
tinuity of care,” allows pediatricians to share many intense
moments of sorrow and joy with our patients and their
families.

As my clinical experience and expertise increased over
the years, my approach to patients and their families began
to change. I realized the need to balance both art and sci-
ence in caring for children. While science strives to be as
objective as possible, art remains intuitive. While science
relies on technology, art relies on communication and em-
pathy. While the art of medicine recognizes the value of
helping, the science of medicine strives to find cures. Art
touches people by sharing feelings and emotion. Art builds

an intangible bridge that connects people and makes us
aware of the shared elements of the human existence. The
art of pediatric practice helps a dying patient live every day
to the fullest, enjoying life by being with loved ones. Sci-
ence requires a thorough understanding of the scientific
method and how observations generate hypotheses that
can be tested by experiments or trials. Science is about
defining, counting, measuring, and then analyzing. Practic-
ing pediatrics is about using science and technology in
conjunction with the art of pediatric care to prevent dis-
ease, save lives, heal children, and help families cope.

In a textbook of algorithms, it is difficult to demonstrate
how to communicate with patients and families, and thus
to teach “the art of pediatrics.” Therefore, I tried to do this
with a different type of book, entitled Getting it Right for
Children: Stories of Pediatric Care and Advocacy, pub-
lished by the American Academy of Pediatrics. I learned
that successful advocacy involves storytelling that reaches
out and touches readers combined with data that provide
the evidence needed to make good policy decisions.

While I could not incorporate as much of the art of
pediatrics into Pediatric Decision Making as I would have
liked, I hope that this next generation of editors will have
more success. I am sure that they will integrate the rapid
advances in our understanding of genetics, pathophysiol-
ogy and treatment of disease, and technology into this
book in ways that will be understandable and useful to
clinicians. I thank them for accepting this role and appreci-
ate the opportunity I have to continue to work with them
and other members of our Department of Pediatrics at
The Children’s Hospital on a regular basis.

Stephen Berman, MD
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Clinical Decision Making
Stephen Berman, MD

One of the greatest challenges of clinical pediatrics is
being able to organize one’s knowledge in a way that the
appropriate information can be rapidly and accurately ac-
cessed and used. Think about all your knowledge as the
clothes that you have acquired over many years of study
and experience. If you allow all your clothes to lie in one
large pile in the middle of your closet, it will not be easy to
get dressed quickly with clothes that are appropriate for
the weather, work, or a special occasion. However, if your
closet is well organized so you can quickly and easily find
what you want, dressing rarely presents a problem. Pediat-
ric decision making is designed to help you organize your
closet of medical knowledge by better understanding the
organizational structure for clinical decision making.

Clinical decision making has three integrated phases:
(1) diagnosis, (2) assessment of severity, and (3) manage-
ment. Appropriate clinical decision making considers
the need to make a precise diagnosis as well as the costs
associated with inappropriate or indiscriminate use of
diagnostic tests. It also assesses the risk for an adverse
outcome because of inappropriate management, and
the costs and possible harmful effects of therapeutic
interventions.

A. All three phases of clinical decision making are based
on a well-done history and physical examination.
Clinical decision making is often difficult because of
the overlap among many types of conditions. A single
disorder can produce a wide spectrum of signs and
symptoms, and many disorders can produce similar
signs and symptoms. The pediatric history should
include a review of the present illness. Identify the
reasons for the visit, and list the child’s current prob-
lems. Evaluate the problems with respect to onset,
duration, progression, precipitating or exacerbating
factors, alleviating factors, and associations with other
problems. Determine the functional impairment in
relation to eating, play, sleep, other activities, and ab-
sence from school. Ask the parents why they brought
the child to see you. Does the patient have any allergies
to drugs or foods? Is the patient taking any medica-
tions? Are the child’s immunizations up to date? Has
the patient ever been hospitalized or had any serious
accidents? The medical history explores the general
state of health. Review the birth and developmental
history. Elicit a focused review of symptoms, and a
relevant family history and socioeconomic profile.

B. During the physical examination, approach the child
with gentleness, using a friendly manner and a quiet
voice. First observe the child from a distance. If the
child has a cold or cough, count respirations and assess
for respiratory distress before removing the child’s
clothing. Note the general appearance. Is the child
interactive and consolable? Note the level of activity
and playfulness. Look at the skin and note any pallor,
erythema, jaundice, cyanosis, and lesions. Check the
lymph nodes for size, inflammation, and sensitivity.
Examine the head, eyes, ears, nose, mouth, and throat.
Use a pneumatic otoscope to assess tympanic mem-
brane mobility and inflammation. Note abnormalities
of the neck, such as abnormal position, masses, and
swelling of the thyroid glands. Examine the lungs for
retractions and tachypnea, and listen for stridor, rhon-
chi, wheezing, and crepitations. When examining the
heart, palpate for heaves or thrills and listen for mur-
murs, friction rubs, abnormal heart sounds, and un-
even rhythm. During the abdominal examination, note
tympany, shifting dullness, tenderness, rebound ten-
derness, palpable organs or masses, fluid waves, and
bowel sounds. Examine the male genitalia for hypo-
spadias, phimosis, presence and size of the testes, and
swellings or masses. Examine the female genitalia
for vaginal discharge, adhesions, hypertrophy of the
clitoris, and pubertal changes. Examine the rectum
and anus, noting fissures, inflammation or irritation,
prolapse, muscle tone, and imperforation of the anus.
Examine the musculoskeletal system, noting limita-
tions in full range of motion, point tenderness,
any deformities or asymmetry, and gait disturbances.
Examine the joints, hands, and feet. Assess the spine
and back, noting posture, curvatures, rigidity, webbing
of the neck, dimples, and cysts. With the neurologic
examination, assess cerebral function, cranial nerves,
cerebellar function, the motor system, and the
reflexes.

C. Initial nonspecific screening tests often include the
complete blood cell count with differential and urinaly-
sis. Subsequent laboratory tests and ancillary studies
are based on the findings, history, and physical exami-
nation. These tests and studies should establish the
pattern of involvement and extent of dysfunction. In-
formation on the pattern of signs, symptoms, and find-
ings from the ancillary tests is useful in identifying the

cause of the disorder.
(Continued on page 4)
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D. The clinical information obtained from the history,

physical examination, and laboratory and ancillary tests
is used to assess the degree of illness, which classifies
patients into four categories. Very severely ill patients
require immediate intervention and stabilization to
prevent irreversible damage and death or severe mor-
bidity. Severely ill patients require hospital admission
for two reasons: (1) to receive therapy not usually avail-
able on an outpatient basis, or (2) to have close obser-
vation and monitoring because of high risk for a com-
plication or rapid progression of the disease. The
ability of parents and others to care for a child at home
and the availability of a telephone and transportation,
geographic isolation, and weather may also affect the
decision for hospitalization. Moderately ill patients
require specific treatment in an ambulatory setting.
Mildly ill patients have a self-limited condition that will
resolve spontaneously. This approach may require
some modification to accommodate the substitution of
home health care services for hospitalization. Home
health care services allow patients to leave the hospital
earlier than they would otherwise be permitted.

. The assessment of severity (degree of illness) links
diagnostic decision making with management. The
management phase of clinical decision making ad-
dresses four questions: (1) Does the patient require
immediate therapeutic intervention? (2) What specific
therapy is indicated? (3) Where should the patient be
managed: a hospital intensive care unit, a hospital
ward, or at home? and (4) How should the patient be
monitored, and what is the appropriate follow-up? The
four management decisions—stabilization, hospitaliza-
tion, specific treatment, and follow-up—are identified
in each algorithm. A very severely ill patient should be
hospitalized in an intensive care unit. Stabilization

should include respiratory, circulatory, and neurologic
support. The goal of stabilization is to maintain tissue
oxygenation, especially to the brain and other vital
organs. Tissue oxygenation depends on the delivery of
oxygen to the tissue. It requires a functioning respira-
tory system including the airway and lungs, adequate
circulatory blood volume, a functioning pump (heart),
and adequate oxygen-carrying capacity (hemoglobin).
It is therefore essential to maintain the ABCs (airway,
breathing, and cardiac functions). In stabilizing a
patient, establish an open airway, deliver oxygen, and
assess air exchange (breathing). When exchange is
inadequate, consider intubation and ventilation. Circu-
latory support is needed when hypotension or signs
of poor perfusion are present. These signs include pale
or mottled skin, coolness of the extremities, and capil-
lary refill prolonged beyond 2 seconds. The initial
phase of circulatory support is intravenous fluids.
Additional pharmacologic treatment may be necessary.
Severe anemia or hemorrhage requires the replace-
ment of hemoglobin as well as volume with whole
blood or packed blood cell transfusions. Some children
with seizures or signs of neurologic dysfunction need
neurologic support. This may include the administra-
tion of rapid-acting anticonvulsants and the rapid cor-
rection of any metabolic disturbance, such as hypogly-
cemia or electrolyte abnormalities. Always include
a plan to monitor and assess the response to therapy.
In many circumstances, the follow-up is the most
important part of the management plan. Informing the
family and patient and introducing shared decision
makmg is an 1mportant component of « any management
plan. Proper education of the patient and family is the
essential element in the follow-up plan. It must receive
the attention that it deserves.
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Anaphylaxis

Marion R. Sills, MD, MPH

Anaphylaxis is an acute, potentially life-threatening allergic
reaction with varied mechanisms and clinical presenta-
tions. Depending on the route of exposure to the inciting
agent, symptoms can begin in minutes to hours; reactions
within 3 hours of exposure are usually more severe.

A1. and B1. On brief, initial history and physical exami-
nation, assess for the following clinical criteria for
diagnosing anaphylaxis, which must include one of
the following three criteria:

1. Acute onset of illness involving skin/mucosal
urticaria, pruritus, or swelling AND at least one of
the following:

a. Respiratory compromise
b. Hypotension/hypoperfusion

2. Two or more of the following occurring rapidly
after exposure to a likely allergen for that patient:
a. Skin/mucosal urticaria, pruritus, or swelling
b. Respiratory compromise
¢. Hypotension/hypoperfusion
d. Persistent gastrointestinal symptoms.

3. Hypotension/hypoperfusion after exposure to a
known allergen for that patient

A2. When necessary, stabilize the child before obtaining
a history. When appropriate, attempt to determine
the offending agent and the onset and progression
of symptoms. Assess upper airway involvement
by asking about pruritus or swelling of lips and
tongue, throat tightness, stridor, dysphonia, or
dysphagia; lower respiratory tract symptoms by
cough, wheezing, dyspnea, or sense of chest
tightness; cardiovascular abnormalities by tachycar-
dia, syncope, or dizziness; central nervous system
abnormalities by dizziness, syncope, altered mental
status, or seizures; gastrointestinal symptoms of nau-
sea, vomiting, abdominal cramps, and diarrhea; and
cutaneous symptoms of hives (urticaria) or angio-
edema of the face or extremities. Note any prior
history of atopy, including anaphylaxis, asthma, and
eczema or hives. Note any associated chronic condi-
tions, acute illnesses, and medications.

B2. Initially, assess and stabilize airway, breathing, circu-
lation, and level of consciousness before a more de-
tailed physical examination. Assess the upper and
lower airway, looking for swelling of lips or tongue,
stridor, dysphonia, hypoxia, cough, tachypnea, wheez-
ing, retractions, and poor aeration. Evaluate the
cardiovascular system for tachycardia, decreased pe-
ripheral perfusion, arrhythmias, and hypotension.
Central nervous system signs include altered mental
status and seizure activity; either may indicate
hypoxia or hypoperfusion.

B3. After first assessing and stabilizing airway, breathing,
circulation, and level of consciousness, a more complete

C1.

C2.

C3.

C4.

C5.

Cé.

physical examination should include examination of the
skin for urticaria or angioedema and the gastrointestinal
system for abdominal tenderness.

If this primary survey shows any compromise, imme-
diately begin epinephrine, oxygen, and volume re-
placement. Epinephrine can be given intramuscularly
(preferred) or subcutaneously, every 5 minutes to
control hypotension and airway edema. Although not
evidence based, nebulized, sublingual, intraosseous,
and endotracheal routes can also be considered. Ad-
minister oxygen to patients with evidence of airway
involvement, or who require multiple doses of epi-
nephrine or other B agonists.

Patients with upper airway compromise require im-
mediate airway management. Consider early intuba-
tion in patients with rapid onset of symptoms, prior
anaphylaxis, and upper airway swelling, because air-
way edema can progress rapidly, making intubation
increasingly difficult. Stridor, hypoxia, and respiratory
distress are all late signs of upper airway compromise.
If intubation is unsuccessful, consider attempting a
cricothyrotomy. Although it has not been specifically
studied in this context, some authors recommend
concomitant nebulized epinephrine.

Because plasma volume may decline suddenly by
50% in anaphylaxis syndrome, give poorly perfused
patients aggressive fluid resuscitation, starting with
a rapid saline fluid bolus of 20 ml/kg, repeated
as necessary. Patients should be placed in the
recumbent position with legs elevated, unless
precluded by dyspnea or vomiting. If shock per-
sists, consider a continuous infusion of epinephrine
(0.1 pg/kg/min, titrated up to 1.0 pg/kg/min). For
patients with persistent hypotension, start vaso-
pressors (see Shock, p. 32).

If response to volume replacement is inadequate,
consider administering epinephrine intravenously,
either through repeated dosing or via an infusion.
Note that intravenous administration of epinephrine
increases the risk for arrhythmia, so it should be
used only in patients with hypotension who have not
responded successfully to intramuscular epineph-
rine and volume replacement. If response to crystal-
loid infusion is inadequate, also consider colloid
infusion.

For bronchospasm refractory to epinephrine, treat
with supplemental oxygen, as well as bronchodilators,
such as albuterol and/or ipratropium, and corticoste-
roids. For patients taking beta-blocking agents, which
may attenuate the response to treatment, consider
glucagon administration.

Assess the organ systems involved, as well as the de-
gree of severity and progression. The first-line thera-
pies for anaphylaxis are epinephrine, oxygen, and
volume replacement. Consider giving an H1-receptor
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antihistamine, such as diphenhydramine, and an
H2-receptor antihistamine, such as cimetidine or ra-
nitidine; these work synergistically with the epineph-
rine therapy, but are considered second-line therapy
to epinephrine, and should never be used alone in the
treatment of anaphylaxis. Corticosteroids do not take
effect during initial resuscitative efforts; their early
use can help reduce the incidence and severity of
late-phase reactions (Table 1).

C7. Patients with a history of mild symptoms that have
resolved before arrival in the emergency department
may be discharged home after a short observation
period (2—4 hours). Observe patients with a signifi-
cant history of atopy (asthma, allergic rhinitis) for

D1.

D2.

12 to 24 hours because they are at increased risk for
a late-phase reaction.

Hospitalize any patient with significant symptoms of
laryngeal edema or hypotension. Consider intensive
care unit admission for patients requiring more than
one dose of epinephrine.

Before discharge, patients diagnosed with anaphylaxis
should: (1) be prescribed a self-injectable epineph-
rine device (one for each location—school, home,
child care, etc.) and instructed in its use; (2) receive
information regarding avoidance of the precipitating
allergen; and (3) be advised to follow up with their
primary care provider and consider follow-up evalua-
tion with an allergist. 9
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Table 1. Drugs Used in the Treatment
of Anaphylaxis

Drug Dosage

Sympathomimetic Agents
Epinephrine Initial treatment: 0.01 mg/kg, IM (maximum:
0.5 mg/dose) q5min
Hypoperfused patient: 0.01 mg/kg/dose, IV/IO
Continuous infusion: 0.1-1 wg/kg/min, IV/IO
Nebulized: 0.5 ml/kg of 1:1000 in 2.5 ml normal
saline (maximum: <4 yr, 2.5 ml/dose; =4 yr,
5 ml/dose)
Nebulized racemic epinephrine: 2.25%, 0.5 ml
in 2.5 ml normal saline

Other Inotropic Agent

Glucagon Children <20 kg: 0.5 mg/dose, SC/IV/IM
G20min (or 0.02-0.03 mg/kg/dose)
Children =20 kg and adults: 1 mg/dose IM/IV/
SC ¢20min
Histamine-1 Antagonists
Diphenhydramine 1 mg/kg/dose, PO/IV/IM/IO ¢6h (maximum:
50 mg/dose)
Hydroxyzine 0.5-1 mg/kg/dose, PO/IM ¢6h
IV/SC administration associated with thrombosis
Histamine-2 Antagonists

Ranitidine 0.75-1.5 mg/kg/dose, IV/IM/IO g6-8h
(maximum: 6 mg/kg/day)
1.5-2.5 mg/kg/dose, PO g8-12h (maximum:

6 mg/kg/day)
Cimetidine 5-10 mg/kg/dose, PO/IV/IM/IO ¢6-12h
(maximum: 2400 mg/day)
Bronchodilators
Albuterol Intermittent nebulization

<12 yr: 2.5 mg neb q20min

=12 yr: 5 mg neb q20min

Continuous nebulization: 0.5 mg/kg/hr

(maximum: 15 mg/hr)

Ipratropium Intermittent nebulization

<12 yr: 250 pg neb q20min

=12 yr: 500 pg neb q20min
Corticosteroids

Dexamethasone 0.3-0.6 mg/kg, PO IV/IM (maximum: 10 mg)
Methylprednisolone  Loading dose: 2 mg/kg X 1
Maintenance: 0.5 mg/kg/dose q6h
Prednisone 2 mg/kg/24 hr PO + qd-bid (maximum dose:
80 mg)

IM, intramuscularly; IO, intraosseous; IV, intravenously; PO, orally; SC, subcutaneously.
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Growth Deficiency/

Failure to Thrive
Janine Young, MD

Growth deficiency/failure to thrive (FTT) is not a diagnosis
in and of itself but rather a sign of poor growth in infancy
based on inadequate weight gain for age and height. There
is no universally accepted criteria or name for growth de-
ficiency in infancy; however, the more common definitions
used include: (1) a full-term infant younger than 2 years
whose weight is below the 3rd to 5th percentile for age at
more than one visit (and not small for gestational age or
with intrauterine growth retardation), or (2) an infant
younger than 2 years whose weight crosses two major per-
centiles downward on a standard growth chart. In more
severe cases of FTT, particularly if chronic, height velocity
slows followed by decreasing head circumference growth.
In severe cases of malnutrition, weight, height, and head
circumference measurements may decline below the 3rd
percentile. Significant malnutrition may result in maras-
mus or kwashiorkor.

A. Given that inadequate caloric intake is the most
common cause of FTT, obtain a detailed nutritional
history. Determine the frequency and quantity of milk
the infant is taking, and whether it is breast milk, for-
mula, or whole milk, depending on age. In a breast-fed
newborn, assure proper latch and adequate milk pro-
duction. If formula-fed, assure proper mixing of for-
mula. In older infants, assure adequate, though not
excessive, milk intake, given that by 9 months of age,
infants should begin to transition to an increased intake
of solid foods. Ask about supplemental beverages at all
ages, given that some families may give water, tea,
juice, or sugar-laden drinks to even newborns. Deter-
mine whether soft solids have been introduced
between 4 and 6 months of age, and that solids are ad-
vanced and offered at mealtimes after that time. If
financial constraints are affecting feeding patterns, re-
fer to the local Woman, Infant, and Children (WIC)
program, as well as any other programs available to
support the family. Ask about early feeding patterns.
Was the infant able to latch to the breast or bottle at
birth and did he/she have coordinated sucking and
swallowing? Was the infant fussy with feedings or have
reflux? There is a critical window to establish normal
feeding patterns, and if these patterns are not estab-
lished within the first year, it is much more difficult to
“teach” feeding. If such a history is obtained, it is im-
portant to establish early and regular occupational and
nutritional therapy, preferably in the home.

Ensure that the infant is fed on a regular basis ap-
propriate for age. For toddlers, advise that they should
be fed seated at the table with no distractions (e.g., not
in front of the TV) and should be given foods before

12

liquids. Toddlers with FTT should be offered three
high-calorie meals and three high-calorie snacks
per day, as opposed to “grazing” behavior, where the
toddler is snacking on small amounts of food all day,
which may suppress appetite.

Obtain a detailed medical history. Is the infant de-
velopmentally appropriate for age? Note the {requency
of intercurrent acute or chronic illnesses, such as otitis
media, severe atopic dermatitis, vomiting, diarrhea,
respiratory, or urinary tract infection (though urinary
tract infections may be occult in cases of FTT). Are
there predisposing medical conditions that may cause
inadequate calorie intake, such as cleft lip/palate,
micrognathia, cerebral palsy or other central nervous
system disorder causing hypotonia or hypertonia? Has
there been recent travel to a developing country, which
could result in a parasitic infection and inadequate
calorie absorption? Or are there increased calorie
requirements from chronic or recurrent infections or
endocrinopathies? Note: “Nonorganic” FTT stemming
from psychosocial stressors can easily lead to “organic”
FTT, where the infant acquires dysfunctional feeding
patterns and vitamin deficiencies secondary to this
decreased intake. Similarly, “organic” FTT can result
in increased psychosocial stressors at home and lead
to some component of environmental “nonorganic”
FTT. Given this continuum, it is essential to address
all aspects of feeding, including psychosocial issues
and stressors, regardless of whether the infant
ultimately is diagnosed with a primary “organic” or
“nonorganic” FTT.

Determine whether any medicines, nutritional sup-
plements, or home remedies are being given. Some
medications have adverse effects such as anorexia,
which may lead to FTT. Ensure that supplements and
home remedies given are appropriate.

Explore the family history for such diagnoses as in-
adequate growth, metabolic disorders, genetic syn-
dromes, and fetal, neonatal, or infant demise.

Determine whether there are psychosocial stress-
ors/environmental issues at home that may affect the
feeding schedule and relationship between caregivers
and the infant. Assess the mother—child/father—child
interaction and level of family functioning. Is the fam-
ily food insecure? Have there been many missed ap-
pointments or inadequate well-child care visits? Are
immunizations up to date? Are there any red flags
pointing to abuse? If environmental stressors or frank
abuse are suspected, have a low threshold to refer to
social work or to child protective services to obtain
adequate support and interventions as needed.
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(Contd on p 15)

*Failure to thrive has become a legal term indicating neglect or abuse.
It should not be used as a diagnosis when neglect or abuse is not evident.

B. A complete physical examination should include evalua-

tion of the childs or infants developmental status.
Ensure that the child/infant is developmentally normal
for age. Note signs of neglect or abuse. Note such find-
ings as dysmorphic features, cardiac murmurs, hepato-
splenomegaly, hypotonia or hypertonia, lymphadenopa-
thy, among others.

Consider early referral to a nutritionist and occupa-
tional therapist well-versed in working with young in-
fants and children. A several-day calorie count may
help in working up an infant with FTT. If the calorie

counts are adequate, consider organic diagnoses that
lead to decreased calorie absorption or increased calo-
rie needs. However, as noted earlier, organic diseases
may ultimately lead to inadequate calorie intake, given
that chronic poor nutrition and vitamin deficiencies
may result in the suppression of appetite.

When organic causes of FTT are of concern,
almost any systemic illness may be the culprit. There-
fore, working up an infant for FTT should be
approached in a stepwise, logical fashion, instead of
testing widely.

13
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If inadequate calorie intake is suspected as the primary
cause of FTT, consider psychosocial/environmental
issues such as poverty/food insecurity (e.g., diluting
formula), Miinchausen syndrome by proxy (medical
child abuse), or inadequate understanding of proper
nutrition for age. Some infants may have oral motor
dysfunction or neurologic dysregulation of hunger
leading to early satiety. Cleft lip/palate, micrognathia,
adenoid hypertrophy, or vascular rings/slings may lead
to oral motor dysfunction and/or mechanical obstruc-
tion and inadequate calorie consumption. Cerebral
palsy or other central nervous system disorders may
lead to hypotonia or hypertonia and uncoordinated
feeding patterns. Myopathy, metabolic disorders, lead
toxicity, zinc deficiency, and severe iron deficiency
anemia may lead to weakness, limiting adequate calorie

intake. Hydrocephalus, pyloric stenosis, gastroesopha-
geal reflux, and food allergies may cause vomiting
sufficient to cause weight loss.

. Inadequate calorie absorption should be considered in

select cases, including diagnoses such as milk protein
intolerance, food allergy, celiac disease, cystic fibrosis,
metabolic disorders, immunodeficiencies, inflamma-
tory bowel disease, and parasitic infections.

. Increased calorie requirements may occur when

an infant has a chronic systemic disease causing a
hypermetabolic state, such as congenital heart dis-
ease, chronic/recurrent infection such as HIV, tuber-
culosis or urinary tract infections, chronic respiratory
diseases, malignancy, endocrine disorders (such as
hyperthyroidism or diabetes mellitus), or renal tubu-
lar acidosis.

(Continued on page 16)



Patient with GROWTH DEFICIENCY OR FAILURE TO THRIVE*

(Contd from p 13)

@ Inadequate caloric intake

!

Adequate caloric intake;
assess for organic disease

!

Depending on history, consider: D )Inadequate caloric absorption Increased calorie

Oralmotor dysfunction/obstruction Consider: requirements/hypermetabolic state
o Cleft lip/palate * Milk protein intolerance Consider:
* Micrognathia * Food allergy * Congenital heart disease
* Adenoid hypertrophy * Celiac disease *HIV, TB
* Vascular rings/slings  Cystic fibrosis * Occult UTI
* Cerebral palsy * Metabolic disorder * Malignancy

¢ Immunodeficiency ¢ Endocrinopathies

Emesis * Inflammatory bowel disease * RTA

* Hydrocephalus * Parasitic infection

* Pyloric stenosis
* GER
* Food allergies

Weakness
¢ Metabolic disorder
* Myopathy
¢ | ead intoxication
* Severe anemia

/
Assess amount of food offered

4
Inadequate

Y
Assess parents’ understanding
of nutrition (cont'd on p 17)

*Failure to thrive has become a legal term indicating neglect or abuse.

It should not be used as a diagnosis when neglect or abuse is not evident.

'

Adequate
I

Assess family function and
eating behaviors (cont'd on p 17)
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F. If there is concern for organic FTT but no obvious
causative factor, consider a “general” laboratory screen
for occult illness, including complete blood cell count
and differential, metabolic panel (including electro-
lytes, blood urea nitrogen, creatinine, liver function
tests), simultaneous urinalysis (for renal tubular acido-
sis), erythrocyte sedimentation rate, and/or lead level.
Tuberculosis should be considered, especially in immi-
grant populations.

Unless there are signs and symptoms consistent with
a particular organic causative factor for FTT, an exten-
sive laboratory/radiologic workup is not worthwhile.
However, if a child does not gain adequate weight after
initial nutritional interventions, consider further stud-
ies, based on a review of signs and symptoms.

Infants with mild-to-moderate malnutrition should
be managed closely as outpatients to document appro-
priate catch-up growth. Initially, weekly or bimonthly
visits are often needed. Once a stable increase in
growth over several months is noted, continued regular
visits every 2 to 3 months are appropriate to ensure
continued progress.

G. A secondary screen for more severe FTT with other
specific signs and symptoms could include prealbumin
and albumin, free thyroxine, thyroid-stimulating hor-
mone, serum amino acids, urine organic acids, pyru-
vate, lactate, ammonia, sweat chloride test, HIV, IgA,
anti-tissue transglutaminase and anti-endomysial anti-
bodies, immunoglobulins, alkaline phosphatase, cal-
cium, phosphorus, bone age, upper gastrointestinal
study/swallow study, or chest radiograph.

Hospitalization of an infant with severe FTT and/or
where abuse or neglect is suspected is often necessary
to help quickly coordinate services, including gathering
input from nutritional and occupational therapists, so-
cial workers, and child protective services, as well as
obtaining any studies that need to be done while in-
house. A multidisciplinary approach is often key in
these cases. However, notably, appropriate or inappro-
priate weight gain while hospitalized does not help
distinguish between organic and nonorganic causes of
FTT. Once discharged, home visits by a visiting nurse,
nutritionist, and/or occupational therapist provide on-
going support to the family and invaluable insight to
clinicians regarding the home environment.

Some general pearls for managing infants with FTT:

1. Consider zinc sulfate supplementation in any
infant with FTT, as well as initiating higher
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calorie formula, breast milk, or whole milk, as
appropriate for age.

2. Average daily weight gain for infants and toddlers:
0 to 3 months, 26 to 31 g/day; 3 to 6 months, 17 to
18 g/day; 6 to 9 months, 12 to 13 g/day; 9 to
12 months, 9 to 13 g/day; 12 months to 3 years,
7to 9 g/day.

3. Increasing calories in formula: 20 kecal/oz:
1 scoop of formula to 2 oz water; 22 kcal/oz:
1 scoop of powdered formula to 1.8 oz water;
24 keal/oz: 1 scoop of formula to 1.6 oz water.

4. Increasing calories in breast milk: 22 kcal/oz:
4 oz breast milk to 3 ml (% tsp) powdered
formula; 24 kcal/oz: 4 oz breast milk to 6 ml
(1.5 tsp) formula; 26 kcal/oz: 4 oz breast milk to
9 ml (2 tsp) formula.
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Patient with GROWTH DEFICIENCY OR FAILURE TO THRIVE*

Assess family function and eating behaviors (cont'd from p 15) Assess parents’ understanding of nutrition (cont'd from p 15)
| |
Unusual diet Abnormal eating Dysfunctional Adequate Inadequate
patterns family/parenting l
Identify: Identify: Assess for abuse Identify:
Deficiencies Grazing or neglect Financial issues
Iron Lack of routine Consider:
Vitamins for meal times Consult:
Zinc Refusal patterns Social worker or child Refer for WIC or
protection team supplemental food Identify:
¢ Consider: Excessive juice
Referral to Unusual diet
Treat: Treat: Treat: social services Inadequate amounts
Supplementation Behavior Counseling to
modification improve parenting

! !

Y
| Mild/moderate FTT

» Attempt nutrition modification
* Follow weekly to assess
for weight gain

\ ® \ i
No weight gain Appropriate @ | Severe FTT |
or loss at weekly visits —>| Adequate calories | weight gain
¢ ¢ Hospitalize for coordination of services.
Inadequate calories or Consider: Follow weekly or If signs and/or symptoms of an organic etiology, consider:
no follow-up * CBC, diff bimonthly until . R
* ESR steady catch-up R (E;gg R ﬁﬁ;uemOAAA
* Me_;taboll_c panel growth. * Metabolic panel ¢ Pyruvate
¢ Urinalysis Then follow every « Urinalysis « Lactate
' R | ey Preabumn N3
Consider: «TB screen g ' * Albumin ¢ Antibodies anti-tissue transglutaminase
o MSW o Lead *TB screen ¢ Antibodies anti-endomysial antibodies
*CPS ¢ Free thyroxin/TSH * Quantitative immunoglobulins
e Home ) ] ] * Sweat test * Alkaline phosphatase
OT/PT/nutrition If still no weight gain e HIV : gg:]céu;géphosphorous

* UGl/swallow study
* Chest x-ray

*Failure to thrive has become a legal term indicating neglect or abuse.
It should not be used as a diagnosis when neglect or abuse is not evident.
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Crying: Acute, Excessive
Steven R. Poole, MD

DEFINITION

Acute, excessive crying manifests in infants with the sud-
den onset of crying or fussiness without fever, for which
there is no cause that is obvious to the parents. The dif-
ferential diagnosis includes a variety of harmless causes
and a number of serious ones (Tables 1 and 2).

A.
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In the patient’s history, ask about previous episodes,
recent immunization, medications, constipation, eme-
sis, diarrhea, blood in the stool, fever, trauma, over-
stimulation, changes in diet, possible ingestion, the
child’s location at the onset, and any suspicions the
parents may have. The parents’ suspicions are correct
less than half of the times when they have a strong
suspicion. The consolability and time of onset do not
appear to correlate with the severity of the cause. His-
tory will reveal helpful clues 20% of the time, but will
also uncover symptoms that may be unrelated to the
correct diagnosis 20% of the time. Therefore, carefully
corroborate clues in the history with appropriate phys-
ical examination or testing.

. Physical examination alone will identify a cause approxi-

mately 40% of the time. The physical examination must
be meticulous and should include assessment of the level
of toxicity, complete inspection of every bit of the surface
of the infant’s body, careful palpation of the body for
subtle signs of tenderness, otoscopy, eversion of the eye-
lids, fluorescein staining of the corneas, complete obser-
vation of the oropharynx (consider using a laryngoscope),
careful abdominal examination, rectal examination with
Hematest of the stool, auscultation of the heart, retinal
examination, and careful neurologic and developmental
assessment. A bruise, bite, or hair tourniquet may be hid-
ing under clothing. Fractures may present without visible
swelling and may be diagnosed only on careful palpation
and observation. Corneal abrasion most often causes only
crying, without tearing, blepharospasm, or conjunctival
redness. Pharyngeal foreign bodies may not be visible
without a laryngoscope. Retinal hemorrhages may be the
only physical sign of shaking injury or head trauma.

. When the diagnosis is apparent on physical examina-

tion, treat accordingly, keeping in mind that 5% of pa-
tients have two causes of fussiness. Follow-up contact
should be maintained until crying has ceased. When
you suspect a particular diagnosis but are not certain,
keep in mind that the differential includes many seri-
ous conditions. Therefore, it is dangerous to jump to a
diagnosis based only on suspicion. A brief period of
observation may be necessary to confirm the suspicion.

. Many infants have ceased crying by the time they are

seen by the physician and the crying does not recur. This
syndrome is called idiopathic acute crying episode. It
must include the following elements: unalarming history,

normal findings on physical examination, cessation of
crying before the physician is seen, lack of signs of toxic-
ity, and no subsequent episodes. The parents can be reas-
sured, and the infant can be observed at home. However,
if the crying resumes, the infant should be re-examined.

. The cause may not be apparent after the initial history

and physical examination of as many as one in three
infants with this type of episode. Infants who continue to
cry and have no apparent diagnosis on initial examina-
tion often have a serious cause requiring specific treat-
ment. Screening tests are of limited value; only urinaly-
sis and urine culture have been shown to be effective. A
period of observation lasting 1 to 2 hours with repeated
observation and examination (including all of the special
examinations described earlier) will often uncover clues
to the diagnosis. For many infants, crying is the first
symptom of an illness that will manifest other more
helpful signs or symptoms in a matter of hours (ie.,
gastroenteritis, viral exanthems, enanthems, infectious
illnesses, intussusception, encephalitis).

. Some infants cease crying during the observation. The

infant should be observed for a time because many
serious causes have temporary asymptomatic periods.

. For infants who continue to cry or fuss and for whom

the diagnosis remains in question, consider additional
studies that are both invasive and expensive. Follow
clues or instincts in selecting from this list: skeletal ra-
diographs, lumbar puncture, barium enema study, com-
puted tomographic scan of the head, electrolytes and
pH, toxicology, electrocardiography or echocardiogra-
phy, pulse oximetry, and foreign body radiologic series.
It is unwise to discharge an infant with acute, excessive,
unexplained crying before making a diagnosis. There-
fore, many of these infants must be observed longer.

. Colic includes all of the following: (1) recurrent spells of

excessive crying or fussiness, (2) occurrence at predict—
able times more than 3 days a week, (3) duration of 3 or
more hours a day, (4) initiation in the first 3 weeks of life
and resolution by 3 to 4 months of age, (5) an infant who
is eating well and is developing and growing normally,
(6) no other concerning symptoms, and (7) normal find-
ings on physical examination by the physician. Without
each of the seven elements described, the diagnosis
should not be made. Therefore, it is difficult to make the
diagnosis with complete confidence on the first night of
colic, and follow-up is needed to confirm it.

. Soothing techniques include rhythmic motion such as

rocking and stroller or car rides; monotonous noise
from a radio, tape, or clock; a pacifier; and warm water
bottle next to the abdomen. Being carried in a sack
may help. Parents may need support for leaving the
infant with a baby-sitter for an evening out. The effec-
tiveness of formula changes is unclear. Pharmacologic
therapy should be discouraged.

(Continued on page 20)



Infant with ACUTE, EXCESSIVE CRYING
@ History

Physical examination — ——— @ Identify cause and treat

\

Follow-up:
Monitor until crying ceases

Assess pattern

l

Crying spontaneously @ Crying without apparent
ceases cause
Identify: Follow-up:
Idiopathic acute Observe for 1-2 h
crying Repeat examination
Urinalysis and consider culture
Identify:
Urinary tract
infection

| |

® Crying resolves and Crying continues @ Recurrent episodes
examination normal consistent with colic
Follow-up: Consider: Identify:
Monitor for 24 h Radiologic studies Infantile colic
Chemistry tests ¢

Pulse oximetry

Toxicology tests @ Treat:
¢ Soothing techniques
Parental reassurance
Follow-up: and support

Continue observation
until diagnosis made or
crying stops
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Table 1. Diagnoses in 56 Infants with an Episode
of Unexplained Excessive Crying

Diagnosis

No. with Diagnosis

Idiopathic

Colic

Infectious Causes

Otitis media®

Viral illness with anorexia, dehydration®
Urinary tract infection®

Mild prodrome of gastroenteritis
Herpangina®

Herpes stomatitis®

Trauma

Corneal abrasion®

Foreign body in eye*®

Foreign body in oropharynx*
Tibial fracture®

Clavicular fracture®

Brown recluse spider bite®

Hair tourniquet syndrome (toe)*

Gastrointestinal Tract

Constipation

Intussusception®

Gastroesophageal reflux and esophagitis*
Central Nervous System

Subdural hematoma*®
Encephalitis®

Pseudotumor cerebri®

Drug Reaction or Overdose

DTP reaction®
Inadvertent pseudoephedrine overdose®

Behavioral

Night terrors
Overstimulation

Cardiovascular
Supraventricular tachycardia®
Metabolic

Glutaric aciduria, type I*
Total

10
6

i =)

[ERE )

—

*Conditions considered serious.
DTP, Diphtheria-tetanus-pertussis vaccine.

From Poole SR. The infant with acute, unexplained crying. Pediatrics

1991;88:450. By permission.



Table 2. Differential Diagnosis of 200 Infants Younger Than 24 Months with Excessive Crying, by Age Group

AGE
Groups Diagnosis <3 Months 3-12 Months >12 Months Total (%)
Infectious diseases Acute otitis media 5 23 3 31 (15.5)
n = 63 (31.5%)
Gastroenteritis 1 4 3 8
Herpetic 0 1 3 4
gingivostomatitis
Oral thrush 4 1 0 5
Roseola infantum 1 3 0 4
Urinary tract infection 3 3 1 7
Chickenpox 1 0 0 1
Conjunctivitis 1 0 1 2
Bronchiolitis 1 0 0 1
Gastrointestinal Gastroesophageal reflux 3 0 0 3
diseases
n = 80 (40%)
Colic 51 8 0 59 (29.5)
Constipation 7 3 1 11 (5.5)
Intussusception 0 5 2 7
Central nervous Pseudotumor cerebri 0 2 1 3
system
n=4(2%)
Choroid plexus papilloma 0 1 0 1
Immunologic reac- DTP vaccine reaction 2 3 1 6
tions
n =18 (9%)
Food allergy 3 2 14 9 (4.5)
Drug hypersensitivity 0 1 1 2
Insect bite 0 1 0 1
Foreign body Eye 0 1 0 1
n=3(1.5%)
Mouth 0 1 0 1
Truncal 1 0 0 1
Others Opium withdrawal 0 1 0 1
n = 32 (16%)
Inguinal hernia 4 2 2 8
Hydrocele 1 1 0 2
Circumcision site inflam- 1 3 0 4
mation
Napkin dermatitis 0 2 0 2
Neuroblastoma 0 0 1 1
Acute lymphoblastic 0 0 2 2
lymphoma
Endocardial fibroelastosis 1 0 0 1
Contact dermatitis 0 2 1 3
Overfeeding 0 2 20 2
Nasal obstruction 0 2 0 2
Unknown 1 3 0 4
Total (%) 92 (46) 81 (40.5) 27 (13.5) 200 (100)

From Fahimi D, Shamsollahi B, Salamati P, Sotoudeh K. Excessive crying of infancy: a report of 200 cases. Iran | Ped 2007;17(3):222-226. By permission.

DTP, Diphtheria, tetanus, pertussis.
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Generalized Lymphadenopathy

Edythe Albano, MD

DEFINITION

Generalized lymphadenopathy is abnormal enlargement
of more than two noncontiguous lymph node regions.

A. In the patient’s history, review systemic symptoms such
as persistent or recurrent fever (infection, malignant
neoplasm, collagen vascular disease), sore throat (infec-
tious mononucleosis), cough (tuberculosis fungal infec-
tion, mediastinal mass, or hilar adenopathy), epistaxis or
easy bruising (leukemia), limp, or limb pain (juvenile
rheumatoid arthritis, leukemia, neuroblastoma), weight
loss (infection, malignant neoplasm), and night sweats
(lymphomas, particularly Hodgkin disease). Note dura-
tion and severity of any systemic symptoms and assess
whether they are improving or progressing. Obtain a
complete history of travel and animal exposures. Note
all recent immunizations and medications (serum sick-
ness, drug reaction, phenytoin-induced lymphadenopa-
thy). Document routine immunizations; inquire about
possible exposure to tuberculosis. Identify risk for in-
fection with human immunodeficiency virus (HIV).

B. In the physical examination, note the degree and extent
of lymphadenopathy. Record measurements of all
lymph nodes of concern for future comparison.
Discrete, mobile, nontender lymph nodes are palpable
in most healthy children. Small inguinal or high cervical
nodes (1.5-2 cm) and occipital, submandibular, or axil-
lary nodes (=1 cm) are normal. Note thyromegaly (hy-
perthyroidism), hepatosplenomegaly (malignant neo-
plasm, storage disease, infection), arthritis (collagen
vascular disease, leukemia), or a rash or conjunctivitis
(viral exanthem, juvenile rheumatoid arthritis, systemic
lupus, Kawasaki disease, leptospirosis, histiocytosis,
lymphoma).

C. Atypical lymphocytes are frequently associated with
many viral illnesses. A differential count of 20% or
more atypical lymphocytes suggests infectious mono-
nucleosis (Epstein—Barr virus), cytomegalovirus infec-
tion, viral hepatitis, or drug hypersensitivity.

D. False-negative monospot test results frequently occur
early in the course of infectious mononucleosis and
are common in very young children with Epstein—Barr
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virus infection. A positive monospot does not rule out
other infections or malignancy. This test result must be
interpreted in the context in which it occurs.

. Parasitic infections that may present with generalized

lymphadenopathy include filariasis (tropics, subtropics;
vector: mosquito), Leishmania (kala-azar, Oriental sore,
chiclero—Latin America, Middle East, India; vector:
sandfly), Schistosoma (Asia, Africa, Caribbean, South
America; intermediate host: snail), and Trypanosoma
(Chagas disease—Latin America; sleeping sickness—
Africa; vector: tsetse fly). Consider these when there
has been travel to endemic areas or the child lives in
such an area. Eosinophilia may be associated with para-
sitic infection.

. Children with prolonged fever, unexplained weight

loss, persistent cough, known exposure to tuberculosis,
or risk factors for HIV are likely to have a serious,
treatable illness. Malignant lesions are usually 3 cm or
larger, of more than 4 weeks in duration, and often as-
sociated with abnormal laboratory and chest radio-
graph findings. Supraclavicular lymphadenopathy is
usually malignant.

. Anemia, neutropenia, and/or thrombocytopenia accom-

panying generalized lymphadenopathy suggests a
malignant neoplasm, severe infection, or storage dis-
ease. Obtain a hematology/oncology consultation be-
fore referring patient for a lymph node biopsy to avoid
the omission of important special studies (such as elec-
tron microscopy, chromosomes, molecular studies,
immunohistochemical stains, flow cytometry, as well as
fungal and viral cultures). In addition, a bone marrow
aspirate and biopsy may yield the diagnosis without a
surgical procedure.
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Patient with GENERALIZED LYMPHADENOPATHY

@ History CBC with differential and platelets

Consider:

Physical examination ——- Monospot

HIV tests

Chest radiography (essential for supraclavicular
adenopathy)

ESR, CRP

——> Identify:

Viral exanthems
Drug reactions
Kawasaki syndrome

Hyperthyroidism
Assess CBC and smear
|
Y Y
@ Atypical lymphocytosis Mild anemia Severe anemia, neutropenia,
or eosinophilia or normal thrombocytopenia, and/or
¢ | ¢ malignant cells
Positive @ Negative @ Consult:
monospot moni)spot Hematologist/oncologist
} '
Identify: Consider: Bone marrow examination
Infectious Infectious disease consultation
mononucleosis EBYV, toxoplasmosis titers
Urine CMV culture Identify:
Liver function tests Leukemia/lymphoma
¢ Neuroblastoma
Histiocytosis
Identify: Storage disease
Infectious mononucleosis Infection
CMV
Toxoplasmosis
Hepatitis
Drug reaction ® Assess degree of illness
@ Parasitic infection |
Y v
Mild Moderate or severe
Follow-up: Consider:
Assess in 1-2 wk Hospitalization
|
¢ ¢ l
Resolves Persists —>= Chest radiography (if not previously obtained)
Purified protein derivative (PPD)
HIV test
|
Y ¥
Consult: Identify:
Oncologist and/or Tuberculosis
infectious disease HIV infection
specialist
Consider: Identify:
Bone marrow examination Infections
Lymph node biopsy Malignancy/histiocytosis
Urine VMA/HVA —> Collagen vascular disease
Histoplasmosis titers Storage diseases
Antinuclear antibodies Sarcoidosis

Antistreptolysin O titers

Venereal Disease Research
Lab (VDRL) test

Viral and fungal serology
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Obesity

Robert E. Kramer, MD

DEFINITION

Obesity is defined as “an increase in body weight beyond
the limitation of skeletal and physical requirement, as a
result of an excess accumulation of fat.” It has become well
recognized that this excess accumulation represents a true
disease state with pervasive adverse metabolic conse-
quences. In the pediatric population, the precise diagnostic
criteria used to define obesity have been controversial, but
recent consensus has defined it to be when a child’s body
mass index (BMI) equals or exceeds the 95th percentile for
age and sex, as plotted on the Centers for Disease Control
and Prevention growth charts. A BMI between the 85th
and 95th percentile is now defined as “overweight.” Most
obese children and teens do not have a defined underlying
metabolic or genetic cause for their obesity, but rather their
obesity results from sustained consumption of calories in
excess of their expenditure because of environmental influ-
ences. Management strategies, therefore, should focus on
identifying and treating comorbid conditions while system-
atically addressing the environmental factors that contrib-
ute to the caloric imbalance.

A. History: A detailed history is vital in the evaluation of the
obese child, both to differentiate the rare child with an
underlying organic cause of their obesity and to identify
the various environmental factors responsible for caloric
imbalance. Factors that should alert the clinician to po-
tential organic causative factors would include history of
developmental delay, short stature, congenital anoma-
lies, central nervous system trauma or malignancy, pro-
longed or repeated use of corticosteroids, and atypical
antipsychotic therapy. Dietary history should focus on
sweetened beverage intake, frequency of meals eaten
outside the home, portion sizes, consumption of energy-
dense foods, and restrained eating patterns. Activity
history should ascertain the daily quantity of all screen
time, including television, computer use, and video
games, as well as the frequency and duration of any
regular physical activity. It is important that family his-
tory include history of type 2 diabetes, early myocardial
infarction, stroke, hypertension, and dyslipidemia, as
well as obesity or need for bariatric surgery, to help as-
sess cardiovascular risk. A detailed social and psychiatric
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history is important to identify psychosocial factors that
may be either a cause or a consequence of obesity. Sleep
history is important in the obese child to determine
whether signs or symptoms of snoring or sleep apnea are
significant enough to warrant a formal sleep study.

. Physical Examination: Examination should include an

accurate weight, height, and blood pressure, obtained
without shoes, with only light clothing on, and with an
appropriately sized blood pressure cuff, covering 80% of
the arm. Adult or thigh cuffs may need to be used for
morbidly obese teens. Waist circumference may be help-
ful as an adjunctive measure of adiposity, which can be
tracked over time but is limited by poor interobserver
consistency. General examination, with close attention
paid to developmental stage, the presence of dysmorphic
features, or short stature, may give clues that an under-
lying chromosomal or genetic syndrome is present. Neck
examination for masses or nodules is important in the
assessment of possible thyroid disease. The presence of
acanthosis nigricans, hyperpigmentation in the folds of
the neck or axillae, may be indicator of insulin resistance.
Hidradenitis suppurativa, chronic infected papules and
abscesses of the skin caused by occlusion of the apocrine
sweat glands of the groin and axillae are also important to
note. The presence of striae in the abdomen suggests
rapid weight gain and, in conjunction with a buffalo
hump, may suggest hypercorticism as a cause of obesity.
Skin xanthomas, especially on the extensor surfaces, are
indicative of severe hyperlipidemia. Abdominal examina-
tion for signs of right upper quadrant tenderness or
hepatomegaly is helpful in assessing hepatobiliary dis-
ease, such as cholelithiasis or nonalcoholic fatty liver
disease. The presence of hypogonadism or short digits is
suggestive of Prader—Willi syndrome.

. Comorbidity Screening: Routine laboratory screening

for all children with a BMI greater than the 95th per-
centile has been recommended to assess for many
of the common obesity comorbid conditions, such as
dyslipidemia, insulin resistance/type 2 diabetes, and
nonalcoholic fatty liver disease. This screening can be
accomplished with a fasting lipid panel, glucose level,
and hepatic profile. The need for further workup or
referral to subspecialists can then be determined based
on the results of these screenings.

(Continued on page 26)



Patient with OBESITY
(BMI >95th percentile)

@ History————>{ Assess: Dietary intake

Physical activity/sedentary behavior
Physical exam —>- Sleep
Family history

Identify: Short stature Consider
Developmental delay —chromosomal
Dysmorphic features genetic screening

\

@ Comorbidity screening
Hepatic profile
Fasting lipid panel
Fasting glucose

(Contd on p 27)
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Elevated Blood Pressure: Blood pressure greater than
the 95th percentile for a given patient’s age, sex, and
height is defined as “elevated.” (Normative data for
blood pressure in children can be found online at:
http://www.nhlbi.nih.gov/guidelines/hypertension/
child_tbl.htm.) Treatment should not be considered as
a result of an isolated elevation in blood pressure. Ini-
tial steps should be to ensure that an accurate measure
was obtained in the first place, by assessing cuff size
and repeating the measure after 10 to 15 minutes. Be
aware that automated blood pressure monitors often
overestimate blood pressure, so a manual measure-
ment by an experienced caregiver may be required.
If there is suspicion of “white coat hypertension,”
with falsely increased values secondary to anxiety,
24-hour ambulatory blood pressure monitoring may
be considered. If true elevation of blood pressure is
consistently and reliably observed in a patient, a trial
of lifestyle modification and weight loss therapy should
still be the initial therapy before advancing to pharma-
cologic therapy. See Hypertension (p. 84) for further
details.

. Elevated Transaminases: Elevated aspartate amino-

transferase (AST) or alanine aminotransferase (ALT)
may often be found in the examination of the obese
child. Most commonly, this is a manifestation of non-
alcoholic fatty liver disease; however, transient elevation
from intercurrent infection, as well as other forms of
chronic liver disease, must also be considered. Typically,
aminotransferases are between one and four times the
upper limit of normal, usually with the ALT greater than
the AST. Higher elevation should increase suspicion for
an alternative cause of liver inflammation and may has-
ten the need for further evaluation. If alkaline phospha-
tase, bilirubin, or both are elevated as well, biliary ob-
struction should be suspected. Repeating a hepatic
profile after several weeks to determine whether the
elevation persists and obtaining a hepatic ultrasound
would be the next steps in evaluation. If the elevation
is persistent and the ultrasound does not reveal an
obstructive process, further evaluation should be per-
formed to exclude other chronic forms of liver disease in
children, such as alpha-1 antitrypsin deficiency, viral
hepatitis (hepatitis B and C), autoimmune hepatitis, and
Wilson disease. Referral to a pediatric hepatologist
should be considered at this point.

. Elevated Fasting Glucose: Screening for type 2 diabe-

tes and impaired fasting glucose/glucose tolerance
is performed with a simple fasting glucose level. A level
less than 100 mg/dl is normal, between 100 and
125 mg/dl is defined as impaired fasting glucose, and
greater than 125 mg/dl is consistent with a provisional
diagnosis of type 2 diabetes. Any significant increase in
an obese patient warrants a more complete evaluation
with a 2-hour glucose tolerance test. At 2 hours, a glu-
cose level less than 140 mg/dl is normal, between 140

and 200 mg/dl is defined as impaired glucose tolerance,
and greater than 200 mg/dl indicates provisional diabe-
tes. Levels in the diabetic range should prompt referral
to a pediatric endocrinologist for diabetic teaching and
initiation of therapy. Levels in the impairment range
indicate a need for a trial of weight loss and lifestyle
modification, with close follow-up.

. Snoring/Disordered Sleep: Obstructive sleep apnea is

a common obesity comorbidity with serious cardiovas-
cular consequences. Recent evidence, however, sug-
gests a strong link between quality and quantity of
stage 4 sleep and appetite regulation. Sleep apnea may
thereby exacerbate obesity, creating a vicious cycle that
is difficult to break. Careful assessment of the sleep
history of obese patients is vital to identify these pa-
tients as early as possible. The history should focus on
the presence of snoring, overt apneic episodes, need
for head elevation to fall asleep, symptoms of daytime
somnolence, and primary or secondary insomnia. Bed-
time patterns and total hours of sleep are also impor-
tant to obtain. Physical examination should assess the
degree of tonsillar hypertrophy and airway obstruction.
Patients with identified risk factors of sleep apnea
should be referred for a polysomnogram to identify
obstructive sleep apnea and other sleep disorders. If
apnea is identified, consideration may be given to
nighttime continuous positive airway pressure therapy,
tonsillectomy/adenoidectomy, or both.

. Low-Density Lipoprotein (LDL) Elevation: Dyslipid-

emia is another common obesity comorbidity, with
important long-term cardiovascular implications. Cur-
rent guidelines for treatment primarily focus on man-
agement of elevated LDL cholesterol levels, although
in the obese pediatric population, elevated triglycer-
ides and decreased high-density lipoprotein (HDL)
cholesterol is the predominant pattern. An LDL level
greater than 130 mg/dl is considered elevated. Initial
treatment centers around a low-fat/low-cholesterol
diet (<7% of calories from saturated fat, <200 mg
cholesterol per day) and increased physical activity
with weight loss over a 6- to 12-month period. Levels
should then be reassessed. Elevated LDL more than
190 mg/dl in children 8 and older (or >160 mg/dl with
a family history of early heart disease or with greater
than two risk factors) should prompt consideration of
pharmacologic treatment with lipid-lowering medica-
tions, either before or after a trial of diet and activity
modification. “Statin” drugs, which inhibit HMG coen-
zyme A reductase in cholesterol synthesis, have been
fairly well studied for use in children as young as 8 and
are generally considered the first-line therapy. Treat-
ment goals should be reduction in LDL to less than
160 mg/dl, or even 110 to 130 mg/dl in those with a
strong family history. Serum aminotransferases and
creatinine kinase levels can increased by treatment and
should be monitored.

(Continued on page 28)
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Stage 1/Prevention Plus: This intervention is designed
to be delivered in the primary care setting to obese
children by the physician or trained office staff such as
a nurse or dietitian. Specific evidence-based lifestyle
modification recommendations are made, with a goal
of weight maintenance, as linear growth continues,
resulting in decreasing BMI. Monthly follow-up is
scheduled to reinforce the lifestyle modifications, until
reassessment is performed after 3 to 6 months.

. Stage 2/Structured Weight Management: If BMI

remains elevated above the 95th percentile after a suffi-
cient trial of stage 1 intervention, patients are advanced
to this stage. This intervention is also designated to be
performed in the primary care setting, but with an in-
creased level of parental supervision required. Use of
motivational interviewing techniques is helpful to in-
crease readiness for change. A more structured nutri-
tional plan is desirable and, therefore, referral to a dieti-
tian is also beneficial. Increased monitoring of diet and
activity through the use of logbooks is encouraged.
Monthly visits are maintained and the primary goal re-
mains weight maintenance with decreasing BMI

Stage 3 and 4/Comprehensive Multidisciplinary Pro-
gram/Tertiary Care Intervention: After 3 to 6 months
of stage 2 intervention in the primary care setting,
referral to a multidisciplinary pediatric obesity clinic

should be considered if BMI remains greater than the
95th percentile. Alternatively, if BMI at the start of
treatment is greater than the 99th percentile, it may
be appropriate to skip stage 1 and 2 and move straight
to stage 3 or 4. These programs emphasize a multidis-
ciplinary approach, encompassing medical, dietary,
physical, and psychological therapies, and more
frequent visits. Monthly visits in the primary care
setting should be maintained. Alternative therapies
such as meal replacements, very-low-calorie diet,
protein-sparing modified fast, pharmacotherapy, and
bariatric surgery may be considered for appropriate
candidates.
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Stage 1

Prevention plus
* 5 servings of fruits/vegetables per day
e Limit screen time to <2 hours per day
* Physical activity >60 minutes per day
* No sugar-sweetened beverages
* Ensure breakfast is eaten
e Limit meals outside of the home with family meals

5-6 x/week

GOAL: Weight maintenance, with decreasing BMI
FOLLOW-UP: Monthly

BMI remains >95th percentile
after 3-6 months

!

Stage 2

Structured weight management protocol
* Diet plan with low intake of energy-dense foods
* Increased structured meals and snacks
* Supervised active play for at least 60 minutes per day
e Limit screen time to <1 hour per day
 Increased monitoring of diet and activity by caregiver
GOAL: Weight maintenance, with decreasing BMI

FOLLOW-UP: Monthly

BMI remains >95th percentile
after 3-6 months

v

Stage 3 or 4
Multidisciplinary pediatric obesity program

Consideration of pharmacologic or surgical therapies
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Polyuria and Polydipsia

David Fox, MD

Polyuria and polydipsia are not uncommon presenting
symptoms for the pediatric patient. In taking a history,
it is important to separate cases of true polyuria from
those patients with nocturia or frequency. Nocturia
implies no actual increase in the total volume of urine
in a day, but simply voiding at night. However, nocturia
may be the first manifestation of polyuria because the
relative fluid restriction during sleep masks the in-
creased urine output during the morning. Similarly,
urinary frequency does not imply an increased urinary
volume, but simple more frequent and often smaller
volume voiding. It is associated with urinary tract in-
fections, as well as dysfunctional voiding seen in tod-
dlers, and is often associated with daytime enuresis.
True polyuria is defined as urine output of more than
2 L/m?%24 hr. Polydipsia is simply an increase in water
intake and has a variety of causative factors. For in-
fants, a history of irritability, failure to thrive, and inter-
mittent fevers may suggest diabetes insipidus (DI). In
taking the history, it is important to identify any medi-
cal history of head trauma or injury, or congenital ab-
normalities associated with midline brain defects. Sur-
gical history should examine any recent intracranial
procedure, specifically trans-sphenoidal pituitary pro-
cedures. Family history is important in defining rele-
vant forms of diabetes mellitus and the rare cases of
familial DI. Medications should also be documented.

. Assess vital signs, breathing, circulation, and hydration

status. Examine the growth percentiles for any pattern
of weight loss or persistent obesity. For children
younger than 2, assess the head circumference percen-
tile in the context of past measurements. Note any al-
terations in mental status, particularly lethargy or focal
neurologic signs.

. In the outpatient setting, when presented with com-

plaints of polyuria and/or polydipsia, a reasonable first
test is a urinalysis, which can help guide further man-
agement. The urinalysis can provide valuable informa-
tion, not least of which is whether glucose is present.
The presence of glucose is suggestive, though by no
means diagnostic, of diabetes mellitus. Further exami-
nation of the urinalysis for the presence of ketones will
provide further context for any glucosuria.

. In the context of a patient with polyuria and polydipsia

who has glucosuria, diabetes must be considered first
and foremost. In its most severe form, diabetes mellitus

will present with ketones in the urine and acidosis.
Electrolytes and a blood gas should be obtained, and
endocrine consultation should focus on fluid manage-
ment and insulin therapy in the inpatient or intensive
care unit setting. For known diabetic patients, outpa-
tient management with a diabetes team is appropriate.
For the new diabetic patient, a coherent education plan
must be implemented for the family, in conjunction
with a diabetes team that may include a dietician, nurse
coordinator, and endocrinologist. Steroids, systemic in-
fection, and bodily stress can also present with glucos-
uria, but typically it is transient and not associated with
the metabolic derangements of diabetes mellitus in-
cluding persistent hyperglycemia.

. With a negative glucose on urinalysis, if other findings

suggest primary urinary tract infection, consider that
you are dealing with urinary frequency as opposed
to polyuria. For the true polyuric/polydipsic patient
without glucose in the urine, DI is likely. It is impor-
tant then to compare the serum osmolality with
the urine osmolality to assess the concentrating ability
of the kidney. To do this, one should obtain serum
for osmolality and a basic metabolic profile that in-
cludes calcium and urine for osmolality and specific
gravity. Hypernatremia is expected in the case of
DI. DI is likely if the serum osmolality is greater than
300 mOsm/kg and the urine is less than 300 mOsm/kg.
Less strict guidelines are appropriate for the postneu-
rosurgical patient, who is at high risk for DI. DI is
unlikely if the serum osmolality is less 270 mOsm/kg
or the urine is greater than 600 mOsm/kg.

. DI can be divided into four categories: nephrogenic,

central, polydipsic, or gestagenic (pregnancy associ-
ated). A water deprivation test can help distinguish
central and nephrogenic causes. Central causes vary
widely from genetic defects in the vasopressin gene, to
damage to the vasopressin neurons, to congenital mal-
formations of the pituitary or hypothalamus (septo-
optic dysplasia or holoprosencephaly, for example). Up
to 10% of cases are idiopathic. Treatment often in-
volves vasopressin analogs and careful fluid manage-
ment. Nephrogenic DI often involves removal of the
offending agent or disease process. Gestagenic DI is
uncommon in pediatrics and resolves after the preg-
nancy. A diagnosis of DI argues for endocrinology or
nephrology consultation.
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Shock

Sameer Gupta, MD, and Mark Roback, MD

DEFINITION

Shock has been defined in numerous ways over the last two
centuries. In 1872, Samuel D. Gross, MD, defined shock as:
“A manifestation of the rude unhinging of the machinery of
life.” In 1895, John Collins Warren, MD, described it as:
“This momentary pause in the act of death.” Shock is more
completely described as a clinical syndrome characterized
by disruption of cardiovascular function resulting in inade-
quate provision of oxygen and nutrients to meet the meta-
bolic demands of tissues. This is best represented by exam-
ining the difference between oxygen delivery (Do,) and
oxygen consumption (VO,). A shock state results when con-
sumption of oxygen exceeds delivery. Delivery of oxygen can
be augmented by improving cardiac output, increasing he-
moglobin, and increasing oxygen saturation. Although most
therapy is aimed at improving oxygen delivery, work can also
be done to decrease consumption. Methods to reduce oxy-
gen consumption include sedation, paralysis, mechanical
ventilation, and fever reduction.

SHOCK CLASSIFICATION

Discerning the type of shock present is critical in deter-
mining appropriate therapy.

Hypovolemic Shock: Characterized by decreased circu-
lating blood volume caused by dehydration (gastrointesti-
nal and renal losses), hemorrhage, or capillary leak. The
diminished blood volume causes a decrease in preload
and, thus, a decrease in cardiac output. Hypovolemia is
the most common type of shock seen in children.
Distributive Shock: Caused by abnormal regulation of
blood flow with decreased systemic vascular resistance
leading to poor perfusion of some areas and increased
perfusion of others. Examples include septic shock,
anaphylactic shock, and neurogenic shock.

Septic Shock: Not truly a class of its own, septic shock
is usually classified under distributive shock, although
this is not completely accurate. It actually is a combina-
tion of hypovolemic shock secondary to dehydration
and capillary leak, cardiogenic shock caused by myocar-
dial depression, and distributive shock because of ab-
normal systemic vascular resistance regulation.
Obstructive Shock: Defined by obstruction of ventri-
cular inflow or outflow. Examples include tension pneu-
mothorax causing a decrease in inflow to the right ven-
tricle, severe pulmonary hypertension or pulmonary
embolus reducing right ventricular outflow, cardiac tam-
ponade restricting right ventricular inflow, or critical aor-
tic stenosis causing diminished left ventricular outflow.
Dissociative Shock: Characterized by an inability of
the body to deliver or use oxygen. Often, cardiac output

32

is preserved in the initial stages, but at the cellular level,
the body is deprived of oxygen and cannot produce the
energy needed for metabolism. Examples include car-
bon monoxide poisoning, severe salicylate toxicity, cya-
nide poisoning, and methemoglobinemia.
Cardiogenic Shock: A state of decreased perfusion
directly related to decreased cardiac output caused by
systolic dysfunction, diastolic dysfunction, or arrhyth-
mias. Examples include cardiomyopathy, myocarditis,
arrhythmias such as unstable supraventricular tachycar-
dia, and postoperative congenital heart disease.

A. As initial therapy is begun, take a complete history
specifically assessing for symptoms of infection (fever,
rash), heart failure (swelling, palpitations), possible
ingestions, trauma, and pertinent medical history such
as immunocompromised states and cardiac disease.

B. The cardiovascular examination will lead to the diag-
nosis of shock. Early findings of shock include tachy-
cardia and increased systemic vascular resistance,
which leads to prolonged capillary refill, decreased
intensity of peripheral pulses, and cool extremities.
Late findings of shock are low blood pressure for age
(hypotension), decreased mental status, and oliguria/
anuria. The physical examination findings in warm
shock, typically seen in response to sepsis, can differ
with bounding pulses, warm extremities, and brisk
capillary refill, but warm shock will still be accompa-
nied by hypotension.

C. Begin laboratory evaluation at the time of initial resus-
citation and obtain a complete blood cell count with
differential, electrolyte panel including ionized cal-
cium, and bedside blood glucose. If the patient has
hypotensive/decompensated shock, obtain a lactate
level, venous blood gas, and coagulation studies. A
mixed venous oxygen saturation (MvO,) or systemic
venous oxygen saturation (Svoy) can be used as an in-
dicator of the balance between delivery and consump-
tion. A normal Svo, indicates an appropriate balance
between oxygen delivery and consumption, whereas a
low Svo, indicates greater utilization of oxygen than
delivery. A high Svo, can also be helpful because it can
indicate a state of significantly reduced oxygen con-
sumption (sedated and muscle relaxed) or an inability
to use oxygen (cyanide poisoning and severe sepsis).

D. Severity of the shock state is noted by differences in
physical examination findings and vital signs. Patients
with less severe shock or compensated shock will main-
tain normal for age blood pressures, but still exhibit
signs of decreased capillary refill, poor peripheral
pulses, and cool extremities. Those patients with more
severe or hypotensive shock will demonstrate de-
creased blood pressures, absent peripheral pulses,
weak central pulses, and signs of altered mental status.

(Continued on page 34)
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MANAGEMENT OF SHOCK

E. Initial shock management begins the same as in any
disease process in acutely ill children, with a complete
assessment of airway, breathing, and circulation. Next,
attach a cardiorespiratory monitor with continuous
electrocardiogram (ECG) and continuous pulse oxim-
etry, and make sure to frequently measure blood pres-
sure (every 3-5 minutes). Manage airway and breathing
by administering supplemental oxygen (unless the pa-
tient has a known congenital cardiac abnormality that
precludes the use of oxygen) and providing positive
pressure ventilation as needed. If signs of respiratory
distress or increased work of breathing exist, obtain a
chest radiograph and evaluate for congestive heart fail-
ure, pneumonia, pneumothorax, or cardiomegaly.

After the diagnosis of shock is made, initiate treat-
ment by obtaining vascular access (peripheral intrave-
nous or intraosseous line) and rapidly administrating
isotonic crystalloid. Initial fluid resuscitation volumes
should be 20 ml/kg unless cardiogenic shock is being
considered, then start with 5 to 10 ml/kg. The diagnosis
of cardiogenic shock is ascertained with a combination
of history and physical examination. The history may
indicate congenital heart disease or previous diagnosis
of cardiac disease, and the physical examination may
demonstrate signs of heart failure: gallop rhythm,
hepatomegaly, and/or distended neck veins.

After all interventions, rapidly reassess the patient’s
condition to monitor effectiveness of therapy. Children
with shock require frequent re-examination and re-
evaluation. Treatment after the initial fluid bolus will
vary depending on the shock state that is present.

Hypovolemic shock: Determine whether hypovolemia
is secondary to fluid loss or hemorrhage. If the patient
has not responded to 20 to 40 ml/kg isotonic crystalloid
and hemorrhage is suspected, consider administration of
packed red blood cells. If there is massive hemorrhage,
consider other blood products, such as fresh-frozen
plasma and platelets to promote hemostasis. Consult
surgical services early for possible operative intervention
to stop the bleeding. For hypovolemic shock secondary
to fluid losses, other than bleeding, continue with nor-
mal saline boluses to restore vascular volume. Once the
shock state has been corrected, continue to monitor and
replace ongoing fluid losses. Gastrointestinal losses may
be associated with metabolic acidosis secondary to bicar-
bonate loss and, therefore, may necessitate sodium bi-
carbonate administration in severe cases.

Septic/Distributive Shock: If there is a concern for
septic shock, then administer broad-spectrum antibiot-
ics and evaluate the patient to determine a source of the
infection. Continue normal saline boluses for correction
of perfusion. If the patient has been given between 60
and 100 ml/kg fluid or is starting to demonstrate signs
and symptoms of pulmonary edema without resolution
of shock, begin vasoactive drug support. Initial pharma-
cologic support is typically started with dopamine,
which will help to improve cardiac output at low doses
and increase systemic vascular resistance at higher
doses. If the patient does not improve with dopamine,

then the patient should be started on an epinephrine
infusion for cold shock (cold extremities, prolonged
capillary refill, weak peripheral pulses, hypotension)
and norepinephrine or vasopressin infusions for warm
shock (bounding pulses, brisk capillary refill, warm
extremities, hypotension). At this time, consider check-
ing a cortisol level and administering steroids to address
the possibility of relative adrenal insufficiency.
Obstructive Shock: Continue with normal saline bo-
luses to overcome the obstruction and improve perfu-
sion. However, definitive therapy of obstructive shock
requires correction of the process causing the obstruc-
tion. Examples include pericardiocentesis for cardiac
tamponade, needle decompression of tension pneumo-
thorax, 100% Fioy and nitric oxide for pulmonary hyper-
tension, and prostaglandins for critical aortic stenosis or
critical coarctation of the aorta to maintain patency of
the ductus arteriosus. Occasionally, inotropic support
with epinephrine is needed when ventricular outflow is
impeded.

Dissociative Shock: Continue normal saline boluses
to help with perfusion. Identify the underlying cause of
dissociative shock and treat accordingly. Treat carbon
monoxide poisoning with 100% Fio, and, in severe
cases, hyperbaric oxygen. Methemoglobinemia treat-
ment varies by individual but begins with removal of the
causative agent and may include methylene blue in
some populations and ascorbic acid for those with
G6PD deficiency. Treat cyanide poisoning by decon-
taminating the skin and gastrointestinal tract, and ad-
ministering the antidote.

Cardiogenic Shock: After initial normal saline bolus,
reassess patient for improvement in perfusion. Evaluate
for and treat any arrhythmias that may be present, be-
cause the cessation of an arrhythmia may help with
resolution of the shock state. Concurrent with treat-
ment, consult pediatric cardiology, as an echocardio-
gram may be needed to assess cardiac function. Drug
therapies that may be useful in improving cardiac func-
tion include milrinone, epinephrine, dobutamine, and
dopamine (see Table 1). Consider intubation and me-
chanical ventilation to reduce oxygen consumption and
decrease left ventricular afterload.

With all shock states, continue to assess end-organ perfu-
sion throughout treatment. To determine effectiveness of
therapy, monitor urine output, assess mental status, and
check laboratory values such as blood urea nitrogen, cre-
atinine, lactate, and liver enzymes.
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Table 1. Inotropes and Vasopressors

Agent Dosing Effect

Dopamine 1-20 pg/kg/min 0-5 wg/kg/min: increased splanchnic perfusion

5-10 pg/kg/min: increased chronotropy and inotropy

>10 pg/kg/min: increased systemic vascular resistance
Dobutamine 2-20 pg/kg/min Increased inotropy and chronotropy without much change in SVR
Epinephrine 0.01-5 pgrkg/min 0.01-0.1 pg/kg/min: inotropy, chronotropy

0.1-2 pg/kg/min: inotropy, chronotropy, and increased SVR

>2 wg/kg/min: increased SVR

Norepinephrine  0.01-1 pg/kg/min Increased SVR with small amount of inotropy
Milrinone 0.2-1.0 pg/kg/min Inotropy and afterload reduction
Vasopressin Start at 0.0003 U/kg/min Increased SVR

SVR, systemic vascular resistance.



Syncope

Thomas J. Moon, MD, and Michael S. Schaffer, MD

DEFINITION

Syncope is a transient loss of consciousness and muscle
tone with spontaneous recovery. Near syncope or presyn-
cope is a transient alteration in consciousness without a
period of unconsciousness.

CAUSATIVE FACTORS

Neurocardiogenic syncope (vasovagal syncope) is the cause
of syncope in 80% of pediatric patients presenting to the
emergency department. Less common causes of syncope
include neurologic (9%), psychogenic (4%), cardiac (2%),
breath-holding spell (2%), and intoxication (2%). The
cause of syncope in most patients can be correctly identi-
fied with a thorough history and physical examination.
Ancillary testing is helpful in confirming a suspected diag-
nosis or ruling out serious pathology, but such testing
should only be performed when indicated by the history
and physical examination.

A. The history should clarify predisposing conditions such
as warm environment, dehydration, intercurrent illness,
prolonged fasting, recent head trauma, or menstruation/
pregnancy. Events immediately preceding the syncopal
event are crucial and include prolonged or sudden
standing, position at the time of syncope, exercise, mic-
turition, paroxysm of coughing, sudden strong emotion
or stress, and related subjective feelings such as nausea,
light-headedness, dizziness, dimming of vision, palpita-
tions, or chest pain. The account from a witness to the
event can provide information about loss of tone and/or
posture, duration of unconsciousness, convulsions or
shaking, loss of bowel or bladder contents, skin color,
resuscitative measures, mental status on regaining con-
sciousness and neurologic sequelae. The patient’s medi-
cal history should identify any cardiac (congenital heart
disease, arrhythmias, Kawasaki disease), pulmonary
(asthma, pulmonary hypertension), neurologic (seizure
disorder, migraines, narcolepsy), or psychiatric (depres-
sion, anorexia/bulimia, substance abuse) history. Any
previous events of syncope should be discussed together
with any pertinent review of symptoms including
fatigue, dyspnea on exertion, decreased exercise toler-
ance, palpitations, edema, chest pain, or snoring.
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Current medications and other ingested substances
need to be reviewed. Finally, a family history should
identify relatives with syncope, early or sudden deaths,
arrhythmias, hypercholesterolemia, cardiomyopathy,
Marfan syndrome, and any history of cardiac, pulmo-
nary, neurologic, or psychiatric disorders.

. Perform a complete physical examination. The physical

examination should include an expanded panel of vital
signs including temperature, orthostatic heart rate and
blood pressure, four-extremity blood pressure, respira-
tory rate, and pulse oximetry. Note signs of cardiac
disease, respiratory distress, and neurologic disease.
Findings that suggest cardiac disease are heart mur-
mur, increased intensity of the second heart sound,
tachycardia/bradycardia, clicks, gallop rhythm, friction
rub, and decreased femoral pulses. Signs of respiratory
distress are tachypnea, retractions, decreased breath
sounds, wheezing, rales, and cyanosis. Signs of central
nervous system disease include altered mental status,
focal neurologic signs, weakness, abnormal tone and
reflexes, and abnormal growth and development.

. Findings on electrocardiography and chest radiogra-

phy may suggest cardiac disease. Pericarditis and myo-
carditis related to an infection or vasculitis can cause
ST-T segment wave changes and cardiomegaly. Aortic
stenosis and idiopathic hypertrophic subaortic stenosis
manifest as a systolic heart murmur and left ventricular
hypertrophy. Coarctation syndromes cause decreased
femoral pulses, decreased lower extremity blood pres-
sure, and left ventricular hypertrophy. Primary pulmo-
nary hypertension and pulmonary stenosis produce
right ventricular hypertrophy. Coronary artery disease
related to Kawasaki disease, hypercholesterolemia, ab-
errant left coronary artery, and lesions associated with
decreased coronary artery blood flow, such as severe
aortic stenosis or idiopathic hypertrophic subaortic
stenosis, produce ischemic ST-T segment changes.
Arrhythmias such as atrioventricular block, sick sinus
syndrome, supraventricular tachycardia, and long QT
syndrome are associated with electrocardiographic
findings of abnormal conduction pattern.

. Seizure activity is suggested when a syncopal episode

lasts longer than 2 minutes, is followed by confusion or
impaired mental status (postictal state), or is associated
with incontinence, muscle jerks, or cyanosis. Frequent
recurrent episodes also suggest seizures.

(Continued on page 38)
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. Orthostatic syncope is associated with a decline in

blood pressure on standing. Consider documentation
of this condition with tilt-table testing. Rarely, syncope
may follow micturition when rapid bladder decom-
pression produces postural hypotension and decreased
cardiac return. Educate the patient to move slowly
from a lying to a standing position. Frequently recur-
ring episodes may be prevented by increasing the pa-
tient’s intravascular volume. This can be achieved by
increasing salt and water intake with or without a salt-
retaining oral mineralocorticoid, fludrocortisone. Con-
sider the use of elastic hose to prevent venous pooling.

. Vasovagal syncope is caused by a sudden decrease in

peripheral vascular resistance. It is usually precipitated
by sudden fear, anger, or another strong emotion and,
similar to orthostatic syncope, may respond to increas-
ing intravascular volume. An alternative treatment
approach is to increase the systemic vascular resistance
and blood pressure with a peripherally acting o agonist,
midodrine.

. Breath holding occurs in children younger than 6 years

and is precipitated by crying, sudden pain, or fear. Loss
of tone and consciousness may occasionally be fol-
lowed by stiffening and clonus, a reflex anoxic seizure.
Cyanosis, if present, should precede any abnormal
movements. No postictal or confusional state occurs.
The prognosis is excellent; spells of breath holding usu-
ally resolve by 6 years of age. Treatment is reassuring
the parents of the benign nature of the problem.
Breath-holding spells may involve an abnormal vagal
response to sudden emotion. Historically, ocular com-
pression, attempting to trigger the oculocardiac reflex,
was performed during electrocardiographic and elec-
troencephalographic monitoring. This technique is no
longer recommended. When breath holding occurs
frequently, consider anticholinergic therapy to block
vagal effects.

. Hyperventilation produces reduction in carbon dioxide

tension with alkalosis, decreased ionized calcium, and
tetany. This syndrome is frequently associated with
light-headedness, giddiness, dizziness, paresthesias,
and chest pain. In most cases, high anxiety related to
life stress or an underlying psychopathologic process is

identified.

. Paroxysmal coughing produced by Bordetella pertussis

or asthma may decrease cardiac output and cause
hypoxia resulting in syncope.
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Primary and Secondary

Amenorrhea
Amy E. Sass, MD, MPH

Primary amenorrhea is the failure to begin menstruation
when expected. Age 15 is commonly used as the cutoff for
primary amenorrhea because 98% of girls in the U.S. general
population achieve menarche by this age. Menarche occurs,
on average, 2 years after breast development. Therefore, the
absence of secondary sexual characteristics by age 13 may
suggest pubertal delay and the potential need for evaluation
well before age 15. In the adolescent who has achieved men-
arche, secondary amenorrhea is defined as the absence of
menses for three consecutive cycles in a patient with regular
periods or for 6 months in a patient with irregular periods. In
evaluating amenorrhea, it is helpful to consider anatomic
levels of possible abnormalities from the hypothalamus to
the genital tract in a systematic way (Table 1). A stepwise
approach using the clinical history, growth charts review,
physical examination, and appropriate laboratory studies will
allow providers to determine the cause of amenorrhea in
most adolescents.

Pregnancy must be considered as a possible causative
factor of amenorrhea regardless of history because denial of
intercourse among adolescents is common and the patient
may not able to disclose sexual activity or abuse. Amenor-
rhea may be caused by anatomic abnormalities that may not
be recognized until puberty (e.g., imperforate hymen and
transverse vaginal septum). Chromosomal abnormalities
may also present with amenorrhea (e.g., Turner syndrome,
androgen insensitivity). If the history or physical examina-
tion suggests a speciﬁc diagnosis, it is not necessary to wait
until a certain age to begin further evaluation.

Functional hypothalamic amenorrhea, a fairly common
explanation for young women with amenorrhea, is a diagno-
sis of exclusion when pregnancy and other pathologic caus-
ative agents are not determined. It is characterized by a
decrease in hypothalamic gonadotropin-releasing hormone
secretion, decreased pulses of gonadotropins, low serum
estradiol concentrations, and anovulation. Multiple factors
may contribute to the pathogenesis of functional hypotha-
lamic amenorrhea, including malnutrition, eating disorders,
vigorous exercise, and stress. Low serum gonadotropin con-
centration can also be caused by endocrinopathies, chronic
diseases that are associated with poor nutrition (celiac dis-
ease, inflammatory bowel disease, cystic fibrosis), or central
nervous system tumors.

A. Establishing a pubertal timeline including age at thelar-
che, adrenarche, growth spurt, and menarche is helpful
in evaluating pubertal development. Although there can
be variations in the onset, degree, and timing of these
stages, the progression of stages is predictable. Adrenal
androgens are largely responsible for axillary and pubic
hair; estrogen is responsible for breast development,
maturation of the external genitalia, vagina, and uterus,
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Table 1. Differential Diagnosis of Amenorrhea
by Anatomic Site of Cause

Hypothalamic-Pituitary Axis
Hypothalamic suppression
Chronic disease
Stress
Malnutrition
Strenuous athletics
Drugs (haloperidol, phenothiazines, atypical antipsychotics)
Central nervous system lesion
Pituitary lesion: adenoma, prolactinoma
Craniopharyngioma, brainstem, or parasellar tumors
Head injury with hypothalamic contusion
Infiltrative process (sarcoidosis)
Vascular disease (hypothalamic vasculitis)
Congenital conditions®
Kallmann syndrome (anosmia)
Ovaries
Gonadal dysgenesis®
Turner syndrome (XO)
Mosaic (XX/XO)
Injury to ovary
Autoimmune disease (oophoritis)
Infection (mumps)
Toxins (alkylating chemotherapeutic agents)
Irradiation
Trauma, torsion (rare)
Polycystic ovary syndrome
Ovarian failure
Uterovaginal Outflow Tract
Miillerian dysgenesis*®
Congenital deformity or absence of uterus, uterine tubes, or vagina
Imperforate hymen, transverse vaginal septum, vaginal agenesis,
agenesis of the cervix®
Androgen insensitivity syndrome (absent uterus)®
Uterine lining defect
Asherman syndrome (intrauterine synechiae postcurettage or
endometritis)
Tuberculosis, brucellosis

Defect in Hormone Synthesis or Action (Virilization may be
Present)

Adrenal hyperplasia®

Cushing disease

Adrenal tumor

Ovarian tumor (rare)

Drugs (steroids, ACTH)

*Indicates condition that usually presents as primary amenorrhea.
ACTH, adrenocorticotropic hormone.

and menstruation. Lack of development suggests pitu-
itary or ovarian failure or gonadal dysgenesis. Relevant
components of the medical and surgical histories include
the neonatal history, treatment for malignancies, pres-
ence of autoimmune disorders or endocrinopathies, and
current medications (prescribed and over the counter).
Family history includes age at menarche of maternal
relatives, familial gynecologic or fertility problems,
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autoimmune diseases, or endocrinopathies. A review
of systems should focus on symptoms of hypothalamic-
pituitary disease such as weight change, headache, visual
disturbance, galactorrhea, polyuria, and/or polydipsia. A
history of cyclic abdominal and/or pelvic pain in a mature

Ta

ble 2. Components of the Physical Examination
for Amenorrhea

General appearance

Syndromic features (e.g., Turner
syndrome), midline facial defects,
renal and vertebral anomalies

adolescent with amenorrhea may indicate an anatomic Anthropometrics Height, weight, BMI and percentiles
abnormality such as an imperforate hymen. Acne and for age, vital signs (HR, BP)
hirsutism are clinical markers of androgen excess. Neck Thyromegaly | .
Changes in weight, quality of skin and hair, and stoolin Breast SMR staging, galactorrhea

& ght, quality X g Abdomen Masses, tenderness

pattern may indicate a thyroid problem. A confidential
social history should include sexual activity, contraceptive
use, the possibility of pregnancy, and use of tobacco,
drugs, and alcohol. The patient should also be ques-
tioned about major stressors, symptoms of depression

External genital examination

Internal genital examination

SMR staging, estrogenization of
vaginal mucosa, hymenal patency,
clitoromegaly

Vaginal length; presence of uterus by
digital or bimanual examination

” . e Neurologic Sense of smell, visual field cuts,
iand anxiety, Chapges in Welght, and dletary.hablts, 1n(?lud- s papilledema
ing nutritional intake, any disordered eating or weight- Skin Acne, hirsutism, acanthosis nigricans
loss behaviors, and extent of physical activity. Growth
BMI, body mass index; BP, blood pressure; HR, heart rate; SMR, sexual maturity rating,

charts illustrate trends in growth and are useful tools
when evaluating amenorrhea. For example, longuitudi-
nal growth retardation or failure can occur in the setting
of chronic disease states such as inflammatory bowel
disease. In conditions associated with inadequate nutri-
tion, patients are typically underweight for height.
Patients with chronic disease states that do not affect
nutrition status such as acquired hypothyroidism are
typically overweight for height.

. A thorough physical examination should include the
components listed in Table 2. General appearance may
reveal syndromic features (e.g., Turner syndrome with
webbed neck, shield chest, widely spaced nipples, in-
creased carrying angle of the arms); midline facial defects
can be associated with hypothalamic-pituitary axis prob-
lems and renal and vertebral anomalies that can be as-
socaited with Miillerian defects. Anthropometrics may
reveal malnutrition or obesity and/or short stature. These
data, when evaluated with the historical puberty time-
line, sexual maturity rating on physical examination, and
comparison with growth charts, can suggest constitution-
ally delayed puberty if there seems to be a normal pro-
gression through puberty, however at a delayed rate.
Longitudinal growth failure could suggest an underlying
chronic disease. An enlarged thyroid on an examination
is suggestive of possible thyroid disease. In addition to
determining the sexual maturity rating of the breasts, the
presence of galactorrhea can be assessed with gentle
compression of the nipple, raising concern for prolacti-
noma. The abdominal examination may reveal pelvic
masses. Important components of the external genital

examination include sexual maturity rating, assessment
of estrogenization (moist, pink vaginal mucosa vs. thin,
red mucosa of hypoestrogenization), hymenal patency,
and clitoromegaly (width >5 mm), which can be seen
with androgen excess. The length of the vagina can be
assessed by insertion of a saline moistened applicator
swab into the vagina. The length is reduced (usually
<2 cm) with a low-lying transverse vaginal septum or
vaginal agenesis. The presence of a uterus can be as-
sessed by a single finger or bimanual examination. If a
patient cannot tolerate an internal examination, the pres-
ence of the uterus can be assessed by a rectoabdominal
examination or ultrasonography. Pelvic magnetic reso-
nance imaging is a more sensitive test to evaluate sus-
pected genital congenital anomalies or an obstructed
genital tract. The neurologic examination includes test-
ing the sense of smell (absent in Kallman syndrome),
visual field cuts, and an opthalmologic examination to
evaluate for papilledema, which might suggest a pituitary
or other central nervous system mass. The skin examina-
tion includes assessment of acne, hirsutism, or both,
which can be found with androgen excess and acanthosis
nigricans, indicating insulin resistance.

Initial laboratory studies should include a urine preg-
nancy test, complete blood cell count, thyroid-stimulating
hormone (TSH), prolactin, and follicle-stimulating hor-
mone (FSH). If short stature and delayed puberty are
present, a bone age should be obtained and karyotype
should be considered.
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For patients with constitutional delayed puberty, it is
reasonable to observe the patient clinically every 3 to
6 months to monitor progression to puberty and men-
arche. For other patients with secondary sexual charac-
teristics, normal physical examination findings includ-
ing normal external genitalia and uterus, a negative
pregnancy test, and normal TSH, prolactin, and FSH,
administer a progestin challenge test of medroxypro-
gesterone acetate, 10 mg by mouth daily for 10 days.
The positive response with withdrawal vaginal bleeding,
typically 2 to 10 days after completion of the medica-
tion, confirms the presence of an estrogen-primed
uterus. A negative response suggests a low estrogen
state. Further scrutiny of weight and growth charts may
reveal weight less than the patient’s previous healthy
trend and the need for weight gain back to the healthy
baseline for resumption of menses. In addition, further
assessment of physical activity level and stressors could
reveal functional amenorrhea. For patients with appro-
priate weight and functioning, further consideration of
pituitary or other central nervous system lesions and
underlying chronic diseases is necessary. Additional
laboratory studies including a urinalysis and a chemistry
panel (including renal and liver function tests) and
erythrocyte sedimentation rate, if not already obtained,
can be useful. A neurologic or endocrinologic consulta-
tion for brain imaging and additional neuroendocrine
studies may also be helpful. Once identified, treating
the underlying illnesses will often result in resumption
of menses. Bone density also needs to be a consider-
ation for patients with prolonged hypoestrogenemia
(>6 months) because they are at risk for development
of osteopenia. In addition to resuming and maintaining
a healthy weight, these patients should be counseled to
have adequate calcium (1300 mg daily) and vitamin D
(400 IU daily) intake. Bone densitometry testing can be
considered to establish a baseline following 6 months or
more amenorrhea.

. Increased TSH indicates hypothyroidism and low TSH

hyperthyroidism. An expanded thyroid panel including
total thyroxine (T4) and free T4 can provide additional
imformation about thyroid function before a referral to
a pediatric endocrinologist and/or treatment.
Increased serum prolactin indicates a possible prolactin-
secreting tumor. Pregnancy, idiopathic prolactinemia,
pituitary adenomas, diseases of the hypothalamus (e.g.,
craniopharyngioma), hypothyroidism, and medications
that are dopamine-receptor antagonists including anti-
psychotics and gastric motility agents can increase pro-
lactin levels. Prolactin testing is also sensitive and can
be increased with nipple stimulation or stress. A mildly
elevated test should be repeated before magnetic reso-
nance imaging of the brain for a prolactinoma is per-
formed. Patients with consecutive increased values
should be referred to a pediatric endocrinologist.
Increased FSH indicates ovarian insufficiency or go-
nadal dysgenesis, and a karyotype for Turner syndrome/
mosaic should be obtained. Autoimmune oophoritis
should be assessed by anti-ovarian antibodies if the
chromosome analysis is normal. Patients with autoim-
mune oophoritis are at risk for development of adrenal

insufficiency and other autoimmune endocrinopathies
such as thyroid and parathyroid disease, diabetes mel-
litus, myasthenia gravis, and pernicious anemia, and
should be referred to a pediatric endocrinologist for
further evaluation.

. Patients with clinical evidence of hyperandrogenemia

including hirsutism and acne should have evaluation of
adrenal androgens including total and free testosterone
and dehydroepiandrosterone sulfate. Polycystic ovary
syndrome (PCOS) is the most common endocrine disor-
der of reproductive-age women. It occurs in up to 6% of
adolescents and 12% of adult women. PCOS is charac-
terized by ovarian dysfunction, disordered gonadotropin
secretion, and hyperandrogenemia, which causes amen-
orrhea, hirsutism, and acne. Many adolescents with
PCOS are overweight, and the association of PCOS
with insulin resistance is well established. Adolescents
with PCOS are at increased risk for obesity-related
morbidities including type 2 diabetes mellitus, dyslipid-
emia and cardiovascular disease, low self-esteem, and
adult reproductive health problems including infertility
and endometrial cancer. Excessively increased testoster-
one (>200 ng/dl) or dehydroepiandrosterone sulfate
(>700 pg/dl) levels, or both, are concerning for an adre-
nal or ovarian tumor, and pelvic and adrenal imaging to
evaluate for possible tumor is necessary. If other caus-
ative factors of virilization such as late-onset congenital
adrenal hyperplasia (history of premature pubarche, high
dehydroepiandrosterone sulfate, clitoromegaly) are sus-
pected, a first morning 17-hydroxyprogesterone should
be collected to look for 21-hydroxylase deficiency. Urine
cortisol or a dexamethasone suppression test is per-
formed if Cushing syndrome is suspected. If the patient
is overweight or has acanthosis nigricans, or both, a fast-
ing insulin test, lipid panel, and 2-hour oral glucose chal-
lenge test are recommended. A simple fasting glucose
test is less ideal because many women with PCOS have
normal fasting glucose results but impaired postprandial
tests. Consultation with a pediatric endocrinologist can
assist in further evaluation and management of signifi-
cantly increased androgen levels and endocrinopathies.
Encouraging lifestyle changes that will promote weight
loss is a primary goal of therapy for PCOS in adolescents.
Weight loss is associated with improved menstrual regu-
lation and decreased symptoms of hyperandrogenemia,
obesity-related comorbidities, and infertility. Combina-
tion estrogen/progesterone hormonal contraceptives
improve menstrual regularity by increasing sex hor-
mone-binding globulin, which effectively decreases free
androgen exposure. There are no current guidelines for
the use of insulin-sensitizing medications such as metfor-
min to treat PCOS in adolescents; however, it can be
considered with glucose intolerance.

. If the physical examination or ultrasound reveals an

absent uterus, chromosomal analysis and serum testos-
terone should be obtained to differentiate between
Miillerian dysgenesis and androgen insensitivity.
Miillerian dysgenesis, or Mayer-Rokitansky-Kiister-
Hauser syndrome, is the congenital absence of the
vagina with variable uterine development. These
women have normal serum testosterone levels. Pelvic
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Breast Pain in Adolescent Girls
Christine Gilroy, MD, MSPH

The prevalence rate of mastalgia has been estimated to be
between 47% and 69% in adult women. Young women
overestimate the population and personal risk for develop-
ment of breast cancer, and may interpret breast pain as a
symptom of cancer. Although mastalgia is a common and
enigmatic problem, the cause and treatment are still

poorly defined.

A.
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History: Initial evaluation should include an estimate
of severity of pain and number of days per month that
pain is experienced, in addition to how the pain affects
the patient’s daily activities, sleep, and social and sex-
ual relationships. Retrospective reports of a patient’s
breast pain are complicated by low-to-moderate valid-
ity rates, and prospective daily reports for 2 months
using an assessment tool, such as the Cardiff Breast
Pain Chart or the McGill Pain Questionnaire, provide
more accurate and actionable data. A reproductive
history, together with pregnancy risk, is also impera-
tive because breast pain is one of the most common
symptoms of early pregnancy. Unilateral or bilateral
pain, quality of pain, relation to menstrual cycle,
trauma history, and an extensive medication list,
including herbal medications and illicit substance
use, are important to assess. Any medication that can
cause gynecomastia or galactorrhea can also cause
mastalgia.

. Physical Examination: Before having the patient dis-

robe, observe the fit of the patient’s bra, the presence
of underwires and their juxtaposition to breast tissue,
the impact of the shoulder strap on the shoulder tissue,
the general supportiveness of the choice of bra design,

and herniation of breast tissue around the bra. Have
the patient disrobe and then perform a thorough breast
examination in the presence of a chaperone. The
breasts should be examined in the upright and supine
position. Perform a thorough breast examination, in-
cluding the skin, all four quadrants, under the areola,
pressing all the way to the chest wall and tracking the
breast tail into the axilla. The method of the examina-
tion (circular vs. vertical strips) is less important than
taking time (minimum 3 minutes per breast) to exam-
ine as much breast tissue as possible. Check for lymph-
adenopathy in the axillary, supraclavicular, and cervical
areas. The patient should then be placed in the lateral
decubitus position, so the breast tissue falls away from
the chest wall, and the chest wall should be palpated to
determine whether it is the source of discomfort. Iden-
tification of focal breast pain over a breast lump should
follow the algorithm for evaluation of a breast lump.
Evidence of infection should follow with appropriate
treatment for mastitis or abscess. If no specific cause of
breast pain is identified, pregnancy test should be per-
formed.

. Chest wall pain comprises a group of conditions with

more musculoskeletal causative factors in young
women and should be easy to elicit on examination.
Causes include costochondritis, Tietze syndrome,
trauma, rib clicking or slipping, cervical radiculopathy,
shoulder pain, or fibromyalgia. Cardiac or esophageal
cause may be considered but are unlikely in adoles-
cents and young women. Treatment may include non-
steroidal anti-inflammatory drugs, injection with corti-
costeroids and lidocaine, or physical therapy.

(Continued on page 48)
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D. Cyclical mastalgia represents 60% to 70% of mastalgia
in young women, with greatest prevalence in women in
their 20s and 30s. Pain is usually described as bilateral,
“dull,” “heavy,” or “aching,” occurring in the last half of
the menstrual cycle, and is relieved with the menses.
Most frequently, the pain is located in the upper outer
quadrants of the breast. “Normal” or physiologic mas-
talgia is pain that lasts 1 to 4 days, occurring in the
week before menses, and of severity 4 or less out of 10
on a visual analog pain scale. The natural history is of a
relapsing course, and remission frequently occurs with
hormonal events, such as pregnancy (8%) or meno-
pause (42%), but may occur spontaneously (14%).
Earlier age of onset is associated with more persistent
duration of pain. Therapy should begin with nonphar-
macologic management.

E. Noncyclical mastalgia represents 20% to 30% of breast
pain complaints to physicians, occurring more frequently
in older women (i.e., 40s to 50s). The pain is often, but
not exclusively, unilateral and localized, more often in
the inner quadrants, and described as “drawing,” “burn-
ing,” “achy,” and “sore.” Causes of noncyclical breast
pain include pregnancy, trauma, mastitis, thrombophle-
bitis, tumor or cancer, and medications, which include
psychiatric medications, hormones and hormonal con-
traceptives, and spironolactone. However, most noncyc-
lical breast pain arises for unknown reasons, and it is
believed to be anatomically rather than hormonally me-
diated. Treatment should focus on nonpharmacologic
management.

F. Nonpharmacologic Treatment: Recommendations are
impacted by the paucity of high-quality data. In one
clinical series, 78% of symptomatic women were reas-
sured after normal findings on evaluation and did not
want further evaluation. Up to 70% of women wear im-
properly fitted bras, and given the delicate nature
of the supportive Cooper ligaments of the breasts, rec-
ommendations should begin with wearing a sports bra
during exercise and wearing a properly fitted, soft, sup-
portive bra during the day and night, which improved
or relieved pain in 75% of women in a 1976 study.
Dietary recommendations are commonly made, as the
cost is low and the potential for harm negligible. The
effect of decreased methylxanthine consumption is
debatable, with positive and negative studies; however, it
is relatively easy. Data supporting restriction of dietary
fat is more positive, with complete pain relief in 9 of
10 patients enrolled in one study; however, all positive
studies required dietary fat restriction to less than
20% of daily caloric intake, which may be difficult
to achieve or inappropriate in some patients. Changing
the omega 3-6-9 fatty acid balance of fat consumed has
been evaluated with evening primrose oil, with mixed
results. These studies are confounded by the lack of stan-
dardization of herbal content for the evening primrose
oil. The risk for harm is low, but the cost substantially
greater for this intervention. The recommended dosage
of evening primrose oil is 9% gamma-linolenic acid by
weight, 3000 mg/day in divided doses. In addition to
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evening primrose oil, one study of fish oil was negative
and studies of flaxseed are of poor quality. The German
Commission E has found adequate data to support the
prescription of chasteberry for premenstrual syndrome
and mastalgia, using a German herbal compound Masto-
dynon, not available in the United States, with relief oc-
curring twice as frequently than with placebo.

G. Pharmacologic Treatment: Hormonal contraception
has been demonstrated to both improve and worsen
cyclical mastalgia. Consider starting or adjusting to a
20 microgram estrogen contraceptive pill, or starting
depomedroxyprogesterone. Side effects of both medi-
cations in adolescents may include inadequate bone
mineralization. Oral nonsteroidal anti-inflammatory
drugs have not been evaluated for efficacy in mastalgia,
but topical nonsteroidal anti-inflammatory drugs have
been demonstrated to improve pain in 81% to 92% of
patients. For persistent severe pain, which impairs daily
activities, other hormonally active therapy should be
considered. Danazol and tamoxifen, both of which have
good efficacy for mastalgia in older women, have been
paired with severe side effects. In addition, neither
medication has been studied specifically in adolescents,
and may have serious effects on sexual maturation and
bone mineral density. Prescription of these agents
should not be undertaken without endocrine specialty
consultation.
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Breast Lump in Adolescent Girls
Christine Gilroy, MD, MSPH

The primary concern of young women presenting with
breast lump is for cancer, despite the absolute rarity of
breast cancer in female individuals younger than 25 years.
American culture is preoccupied with a fear of breast
cancer, to the extent that 80% of women in one study over-
estimated personal risk for breast cancer by 50% or more.
Occasionally, the complaint of a breast lump is “code” for
another concern about the breast, including different
breast size. A thorough and respectful evaluation, while
minimizing potential trauma, are important goals in the
evaluation and management of this problem.

A. History: Although breast cancer is rare in adolescents,
cases have occurred, and a thorough history is impor-
tant. Menarche, menstrual history, risk for pregnancy,
reproductive history, trauma, history of radiation ther-
apy, family history of breast or ovarian cancer, dura-
tion of lump, associated breast pain, cyclical change in
lump, and change in size are all important factors to
elicit. In those with a strong family history of breast
cancer, or known BRCAI or BRCA2 phenotype, or
with a history of supradiaphragmatic radiation ther-
apy, imaging and biopsy should be considered at the
outset.

B. Physical Examination: First, ask the patient to indicate
the area of concern. In the presence of a chaperone,
perform a thorough breast examination, including the
skin, all four quadrants, and under the areola, pressing
all the way to the chest wall and tracking the breast tail
into the axilla. The method of the examination (circular
vs. vertical strips) is less important than taking time
to examine as much breast tissue as possible. Check
for lymphadenopathy in the axillary, supraclavicular,
and cervical areas. Is the breast tissue homogeneous
or “lumpy-bumpy” consistent with fibrocystic change?
Is the “lump” in the breast tissue or the axilla? For
maximum sensitivity of the clinical breast examination
for breast cancer, the examination requires 3 minutes
per breast, with particular attention to the nipple, are-
ola, and subareolar complex, where 15% of breast
cancers arise.

C. No Lump: Assess for other concerns. Otherwise, have
the patient return for evaluation during the luteal
phase of menstrual cycle (1 week before menses). The
breasts of most (50%—60%) women have a nodular
texture that undergoes proliferative changes during
the menstrual cycle, with a change in breast volume of
up to 15% in the luteal phase. If the lump comes and
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goes with hormonal stimulation, the patient may be
reassured.

. Axillary Lump: If distinct from the tail of the breast,

consider lymphadenitis or hidradenitis. Encourage the
patient to discontinue antiperspirant and re-evaluate in
6 weeks. If persistent, consider surgical excision, as
lymphoma is possible, and represented 13% of biop-
sied breast lumps in Neinstein’s series in adolscents. If
larger, consider ultrasound.

. Inflammation/Infection: In a series reviewed by

Neinstein, infection was the cause of 3.7% of breast
lumps in adolescents. If inflammation with lump is
seen, consider risk factors for infection, including
current lactation or history of lactation, nipple pierc-
ing, and nipple trauma. Treat with antibiotics and
re-evaluate in 2 weeks. In lactation, coverage of
Staphylococcus aureus is the goal; for nipple trauma,
particularly with piercing, broad coverage of gram-
negative bacteria and anaerobes should be consid-
ered. If history of breast trauma, consider hematoma
with subsequent fat necrosis. If history of pregnancy,
consider granulomatosis. If inflammation persists or
progresses in spite of therapy, consider inflammatory
breast cancer and refer for biopsy.

. Breast Lump: If a palpable lump is noted or if the pa-

tient has a strong family history of breast cancer, known
BRCALI or BRCA2, or history of supradiaphragmatic
radiation therapy, refer directly for ultrasound with
core biopsy or fine-needle aspiration, or consider mag-
netic resonance imaging if not easily visualized with
ultrasound. Mammography is not indicated in the ado-
lescent patient. A lump 5 cm or more in diameter and/
or rapid progression over 3 months or less suggests
giant fibroadenoma or phyllodes tumor; in this case,
obtain surgical consultation. (Giant fibroadenoma rep-
resents 1% and phyllodes tumor 0.4% of breast lesions
in adolescents). A smaller lump may be observed
briefly in an adolescent. In the patient’s chart, carefully
document size and location by quadrant and relative to
areola. Ask the patient to return during the follicular
phase of menstrual cycle (1 week after menses). If
lump resolves, reassure the patient. Breast tissue vol-
ume can change by 15% under the influence of cyclic
hormonal change, resulting in transient, prominent
nodularity. If lump persists, refer for ultrasound. In
Diehls series of adolescents with breast mass, 51%
of the masses were fibrocystic change, and 47% had
improvement or complete resolution over time.
(Continued on page 52)



Patient with BREAST LUMP

l
® [men]

Y

Physical
examination

Y
© [Ew]

!

!

@ | Breast lump? |

@ Axillary @ Inflammation/
lump? infection? |
BRCA1 or 2, Rapid
radiation, or progression

family history

Y

Ultrasound,
+/— biopsy

(<3 months)
or diameter
>5cm

Y

Biopsy and
surgical
consultation

Re-evaluate in 1st week
after menses

/
| Resolved? |

{

Fibrocystic

change

| Still present? |
Y

| Ultrasound |

(Contd on p 53)

51



G. Fibroadenoma represents 50% to 76% of breast masses
in young women. In an autopsy series of women in
adolescence up to age 25, 15% to 23% were found to
have fibroadenoma. On examination, fibroadenomas
are rubbery, well demarcated, and mobile within the
surrounding breast tissue. They occur most commonly
in the upper outer quadrant. Fibroadenomas with be-
nign appearance by ultrasound may be managed con-
servatively, with sequential examination and ultra-
sound, and biopsy and surgery are to be avoided to
prevent damage to developing breast tissue. About
16% to 37% of fibroadenomas resolve within 1 to
3 years; of the remaining fibroadenomas, 30% to 40%
shrink within 5 years, and the rest stop growing when
they reach a diameter of 1 to 3 cm. However, in
one study of conservative management, only 25% of
patients would accept nonoperative management, even
when reassured the approach was safe. Fibroadenomas
with sonographic appearance concerning for malig-
nancy or growth rate greater than 16% per month
should be considered for biopsy or excision.

H. Cysts: Cysts are less common in young women, ac-
counting for 6% to 12% of breast masses in adoles-
cents. Presenting complaints in one series were mastal-
gia (67%) or breast lump (32%). If subareolar, and
associated with pain and inflammation, it likely repre-
sents an obstruction of Montgomery tubercles, and
treatment consists of oral antibiotics directed at Staph-
ylococcus and nonsteroidal anti-inflammatory drugs,
with expected resolution in 7 days. Cysts can be aspi-
rated during ultrasound, and resolution under ultra-
sound confirms a benign lesion. Complex cysts should
be further evaluated to rule out malignancy.

I. Other Masses: Lumps that are not clearly fibroadenomas
or cysts by ultrasound require further evaluation with
biopsy. The differential is extensive, and the lump is still
most likely one of the earlier described lesions. Subareo-
lar masses associated with bloody discharge are most
likely intraductalpapillomas, which are not cancer, but
are associated with an increased risk for development of
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cancer. Cancer represents less than 1% of breast disease
in adolescents. In Neinstein’s series, 38% of cancers
were metastases, 31% adenocarcinoma, and 13% were
lymphoma. In youths with adenocarcinoma, 30% to
50% have a family history of breast cancer. Biopsy is rec-
ommended for evaluation, but the patient and family
should be reassured that the likelihood of cancer remains
very low.
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Nipple Discharge

in Adolescent Girls
Christine Gilroy, MD, MSPH

Nipple discharge is a less common complaint than breast
pain or lump among women of reproductive age. Nipple
discharge raises concerns of breast cancer or pituitary
tumor, even in adolescence, but these are a rare cause of
nipple discharge. A focused evaluation is important be-
cause many of the endocrine tests that are ordered in as-
sociation with nipple discharge have a high rate of false-
positive results.

A.
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History: A detailed history is the most important ele-
ment in the evaluation of nipple discharge. Reproduc-
tive history is the most important, because galactorrhea
may continue for a year or more after weaning or
the end of pregnancy. In addition, the presence of
oligoamenorrhea or amenorrhea with nonlactational
galactorrhea significantly increases the likelihood of
pituitary prolactinoma. Medical history should focus
on thyroid disease, chronic renal disease, herpes zoster,
illicit substance use, and a complete list of medications
and herbal supplements. Surgical history should pay
particular attention to breast or thoracic surgery, and
history of nipple or breast piercing. Review of systems
should focus on headache, vision changes, constitu-
tional, skin, and gastrointestinal symptoms, and a psy-
chosocial stress and sleep inventory.

B. Pregnancy or Postpartum: During pregnancy, the

breasts and Montgomery tubercles may produce a
clear discharge. Postpartum, milk production may per-
sist for more than a year after weaning and is not con-
sidered galactorrhea. Postpartum milk production can
be irritating, and the patient should be advised to
minimize nipple stimulation, both as part of sexual in-
teraction and from clothing. The patient may wear a
padded, well-fitted bra during the day and night, and
may need to add nipple shields to decrease stimulation
enough for lactation to stop.

. Physical Examination: In addition to a thorough breast

examination, visual fields should be assessed, as well as
the thyroid, skin texture, presence of tremor, and re-
flexes. It is important to remember that with significant
pressure to the nipple, a nipple discharge may be pro-
duced in up to 85% of women. The color of the nipple
discharge may provide additional information.

. Areolar Discharge: May arise from the areola, not the

nipple, from Montgomery or Morgani tubercles, which
may be associated with an underlying mammary lob-
ule. An episodic, thin, clear to brown discharge tends
to resolve within 3 to 5 weeks. An associated lump is
expected to resolve in 4 months.

(Continued on page 56)
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E.
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Milky Discharge: Milky discharge is consistent with
galactorrhea. It is the most common discharge in ado-
lescent girls. In the absence of pregnancy or postpar-
tum state, milky discharge should be evaluated with an
initial random prolactin and thyroid-stimulating hor-
mone. Other causes to consider include chest wall or
nipple trauma, spinal cord disorders, diffuse brain dis-
ease, uremia, hypernephroma, hypogonadism, adrenal
tumor, and pituitary disorder.

. Multicolored or Sticky Discharge: Consistent with duc-

tal ectasia or fibrocystic change. The color most usually
described is green or green-black. Ductal ectasia is
characterized as the dilatation of subareolar ducts, is
associated with fibrocystic change, and may cause non-
cyclical mastalgia.

. Purulent Discharge: If there is a question whether

discharge is purulent or milky, a wet prep may help
differentiate by the presence of white cells. Consistent
with mastitis, the most common infecting organism is
Staphylococcus aureus. Preceding factors may include
trauma or ductal ectasia. If nipple piercing is present,
consider broader antibiotic coverage.

. Watery, Serous, or Serosanguineous Discharge: A

broad differential is possible, including in order of
prevalence in adolescents: fibrocystic change or ductal
ectasia, intraductal papilloma, or breast cancer. Intra-
ductal papillomas represented 1.2% of breast lesions in
adolescents for which a biopsy was performed and
breast cancer represented less than 1% in Neinstein’s
review. In two series reviewing intraductal papilloma in
adolescents, a serosanguineous breast discharge had
variable prevalence rate (23%-95%). The incidence of
breast cancer is lower. Evaluation should not include
cytopathology of the nipple discharge, but instead
ultrasound and biopsy of any lump. If no lump is
palpated during a thorough (3 minutes per breast)
examination, careful clinical monitoring is adequate,
unless the risk for breast cancer is high (BRCA, pri-
mary relative, previous radiation). If the risk for breast
cancer is high, referral to a breast clinic or surgeon is
appropriate.

. Abnormal Thyroid-Stimulating Hormone: Hypothyroid-

ism results in increased thyrotropin releasing hormone
production, lactotroph stimulation, and decreased phys-
iologic clearance of prolactin. Treat the hypothyroidism
adequately (normal thyroid-stimulating hormone for
6-8 weeks) and follow with a repeat prolactin.

. Normal Serum Prolactin: This does not preclude the

presence of galactorrhea, but the history and physical
examination should be revisited to exclude the possibil-
ity of a ductal source of discharge. If the prolactin level
is normal and the discharge is galactorrhea, medications
should be reviewed and those associated with galactor-
rthea should be discontinued. Chest wall injury and
nipple stimulation have been associated with persistent

galactorrhea, and stimulation should be minimized (re-
move piercings, try nipple shields). If idiopathic normo-
prolactinemic galactorrhea persists, consider treating
with a dopamine agonist to determine whether this
inhibits secretion.

. Increased Serum Prolactin: Review for medications as-

sociated with galactorrhea; discontinue those medica-
tions, if present. For those women taking typical antipsy-
chotics or risperidone, switching to olanzapine or
quetiapine has been shown to decrease galactorrhea in
some without exacerbating psychiatric symptoms. If no
galactorrhea-associated medications/illicit drugs/herbals
are being taken, repeat a prolactin level. Physiologic
conditions that may produce transient increases in
prolactin  secretion include physical and emotional
stress, high-protein midday meal, sleep, orgasm, exer-
cise, menstrual cycle, excessive breast stimulation, pseu-
dopregnancy, and pregnancy. If serum prolactin level is
increased again, obtain a fasting morning prolactin level.
If this is increased, obtain magnetic resonance imaging
of the pituitary. If a pituitary abnormality exists, refer to
endocrine specialist. If pituitary is normal, review other
causative factors and consider a dopamine agonist (cab-
ergoline) or referral to endocrine specialist for treat-
ment. Women with hyperprolactinemia are at risk for
osteoporosis; therefore, a documented and persistent
increase in prolactin levels should be treated.
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Menstrual Problems
and Vaginal Bleeding

Stephen M. Scott, MD, FACOG

Menstruation is usually the final sign of female pubertal
development providing continued evidence that the brain—
ovary pathways have been released from suppression and
the ovaries are producing estrogen. Other clinical signs of
estrogen production include breast development, matura-
tion of the vaginal mucosa, and accelerated linear growth.
Early in puberty, the ovaries make only estrogen and initial
menses occur without ovulation. It can take up to 2 years
to achieve regular ovulatory cycles. Once ovulation begins,
the ovaries also produce progesterone, which provides
stabilization of the endometrium in preparation for preg-
nancy implantation. If pregnancy does not occur, the ovary
temporarily halts progesterone and estrogen production.
The decline in progesterone levels initiates the process
of endometrial shedding. The cycle begins again with
increasing levels of estrogen to repair and proliferate
the surface lining. Ovulation cycles usually range from 21
to 35 days and bleeding typically lasts from 3 to 7 days.
They are often associated with premenstrual symptoms
such as cramping.

It is important to understand the underlying hormonal
status of a child or adolescent with irregular bleeding to
determine the correct cause. An “estrogen-deficient” state is
found before puberty or during adolescence when the brain
fails to stimulate the ovaries or the ovaries fail to respond to
brain signals. Without estrogen, the endometrial lining re-
mains thin and is not a source of bleeding. Anatomic genital
lesions should be investigated as the source of bleeding. An
“estrogen variation” state occurs when ovaries produce es-
trogen but fail to ovulate and initiate progesterone produc-
tion. Anovulation results in thick, disorganized, and fragile
endometrium that bleeds irregularly and does not efficiently
remove and replenish surface lining. A “progesterone ex-
cess” state is usually iatrogenic because of excessive levels of
progesterone or progestins, leading to an atrophic lining that
is thin, fragile, and may bleed irregularly. It is important to
remember that even oral contraceptives with estrogen can
lead to progesterone excess. “Progesterone withdrawal”
states are usually due to ovulation cycles or cyclic hormonal
contraceptive use. When irregular bleeding occurs in this
environment, a secondary anatomic genital lesion is the
likely cause of bleeding between regular menses.

A. When a pediatric patient has abnormal vaginal bleed-
ing, clinicians should obtain a thorough history and
physical examination. Determination of volume status
and severity of anemia will determine whether acute
treatment is necessary.
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B. The presence or absence of estrogen will provide vital
clues to the status of the endometrial lining. Breast
development, estrogenized genital tissue, or an in-
creased estradiol level indicates the presence of estro-
gen. If no estrogen stimulation is present, the patient
has prepubertal bleeding. Anatomic lesions such as
bacterial vulvovaginitis, foreign body, cervicitis, endo-
metritis, urethral prolapse, trauma, urinary tract infec-
tions, and neoplasms of genitourinary and gastrointes-
tinal sources should be ruled out and treated.

C. If there are signs of estrogen stimulation, the patient’s
age will determine the presence of precocious puberty.
Precocious puberty is defined as breast development
before 8 years of age with progression of bone age and
possible menstrual bleeding. It can be divided into
central “GnRH-dependent” precocious puberty (CPP)
versus peripheral “GnRH-independent” precocious
puberty (PPP). Although GnRH stimulation testing is
the gold standard in diagnosing CPP, an increased basal
leuteinizing hormone level or basal leuteinizing
hormone/follicle-stimulating hormone ratio has utility.
Suppressed gonadotropin levels suggest PPP. Most cases
of CPP are idiopathic, but brains lesions should be ruled
out with magnetic resonance imaging. Treatment of
CPP usually involves suppression of hypothalamic sig-
naling with GnRH agonists. Surgical removal of pedun-
culated lesions is an option, but the risk for damage to
surrounding normal tissue is too great when tumors are
embedded. Causes of PPP include iatrogenic estrogen
administration, exogenous ingestion, McCune-Albright
syndrome, tumors of the ovaries, and rarely, tumors of
the adrenal glands. Exogenous causes of PPP can be
diagnosed through a careful history. Ultrasound of the
ovaries and adrenal glands for lesions is recommended if
no exogenous source is identified. If café-au-lait spots
are present, a skeletal survey noting lytic lesions will
uncover McCune-Albright syndrome. Removal of the
underlying estrogen source is the primary treatment for
PPP. Signs of estrogen reversal should be monitored
closely to ensure preservation of epiphyseal plates and
continued linear growth. Growth hormone levels may
be disrupted in the face of CPP caused by a brain lesion.
Assessment of growth hormone levels is needed if linear
growth stalls after treatment begins.

D. Age-appropriate puberty is present when bleeding be-

gins at 10 years of age or beyond. Pregnancy and its

complications should always be ruled out in an age-

appropriate patient with abnormal genital bleeding.
(Continued on page 60)
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Once pregnancy is ruled out, ovulation status will aid in
determining the cause of irregular bleeding. Irregular,
unpredictable bleeding patterns lacking premenstrual
symptoms or cramping generally point to anovulation;
however, monthly bleeding patterns do not automati-
cally prove ovulation. A progesterone level of 5 ng/ml
or greater, drawn 10 days before the next expected
menses, confirms ovulation. If ovulation is confirmed,
then anatomic genital lesions are likely creating irregu-
lar bleeding between regular progesterone withdrawal
cycles. Causative factors include lesions mentioned in
prepubertal bleeding.

If the patient is anovulatory, then dysfunctional uterine
bleeding (DUB) is diagnosed. The presence or absence
of androgenizing signs will help to categorize causes of
DUB. Obesity, hirsutism, and acne are typical signs of
high androgens. Most cases of androgenized DUB are
caused by polycystic ovarian syndrome. Other causative
factors should be investigated if greater levels of andro-
gens are suspected. Virilizing signs such as clitoromeg-
aly, male pattern baldness, and deepening of the voice
should prompt workup for androgen-producing tumors
in the ovaries and adrenals, adult-onset congenital
adrenal hyperplasia, and Cushing disease.

Disruptions of brain—ovary signaling are the causes
of DUB in the absence of androgenizing signs. Within
the first 2 years from menarche, this may be self-
limited and correct on its own. Beyond that time,
pathologic causative factors should be suspected.
Disruptions of the normal GnRH pulse pattern can
be caused by excessive exercise or dieting, stress,
increased levels of prolactin from tumors or medica-
tions, and hypothyroidism. Pituitary disruptions occur
from gland necrosis, infections, or prolactin- versus
nonprolactin-secreting tumors. Premature ovarian fail-
ure will eventually lead to amenorrhea, but early on
may present with irregular bleeding. Premature ovar-
ian failure should be considered if signs of reduced
estrogen levels are present such as hot flashes, de-
creased breast size, vaginal dryness, or vaginal mucosa
atrophy. Increases of follicle-stimulating hormone and

leuteinizing hormone into the postmenopausal range
will confirm ovarian failure and should prompt genetic
karyotyping. Blood dyscrasias should be suspected if
bleeding is severe enough to require hospitalization or
blood transfusion at menarche.

. Treatment of DUB may range from reassurance

to treatment of underlying disorders. Iron and multivi-
tamin supplementation is recommended if anemia
is present. Endometrial stabilization is achieved with
progesterone or progestin replacement. Unless contra-
indicated, combined oral contraceptive pills (OCPs)
are usually the easiest treatment method to achieve
regular cycles. Once endometrial shedding is com-
plete, transition to continuous OCP regimen may re-
sult in long-term amenorrhea. At least 6 to 12 months
of treatment is recommended, and in many cases, lon-
ger term management with OCPs is required. In gen-
eral, nonsteroidal anti-inflammatory drugs (e.g., ibu-
profen) should be considered during placebo days
because endometrial shedding may lead to cramping
for the first time. Estrogens in OCPs provide an added
benefit of suppressing androgen activity in cases of
polycystic ovarian syndrome. Patients with polycystic
ovarian syndrome may also benefit from hirsutism
treatments and early screening and intervention for
hyperinsulinemia and type 2 diabetes.
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Sexually Transmitted Infections

in Adolescents
Paritosh Kaul, MD

Adolescents are at an increased risk for sexually transmit-
ted infections (STIs) because of various factors. These
factors include biological, psychosocial, confidentiality,
ethical, and legal issues, as well as lack of access to health
care. Adolescents have the greatest rates of STIs compared
with other age groups, and half of all STIs diagnosed are
among 15- to 24-year-olds. Two thirds (65%) of 12th-grade
students have had vaginal intercourse. The adolescent in-
terview is critical to elicit a history of sexuality, sexual activ-
ity, and other high-risk behaviors. These areas should be
explored with the adolescent alone. The interviewer should
be open, nonjudgmental, and ensure confidentiality.

This chapter starts with decision making with vaginal
discharge and cervicitis, then pelvic inflammatory disease
(PID), and then STIs among adolescent boys.

VULVOVAGINITIS IN THE ADOLESCENT

A. History: In the adolescent with vulvovaginitis, ask
about the color, odor, quantity of vaginal discharge, and
relation to menstrual period. Candidiasis occurs pre-
menstrually, whereas trichomoniasis occurs during or
immediately after the menses. Inquire about sexual
activity including change in sex partners, condom use,
and history of previous STIs. Ask about medications
including contraceptives, antibiotics, steroids, use of
soaps, deodorants, and douching. Also ask about his-
tory of diabetes mellitus. Explore the possibility of
trauma or foreign body.

B. Examination: Carefully inspect the perineum, vulva,
vagina, and cervix for erythema, excoriation, swelling,
lesions, signs of trauma, and foreign body. Also look for
color, texture, adherence, and odor of vaginal discharge.
Perform a speculum examination and closely inspect
the vagina walls for lesions or anatomic abnormalities
(polyp, tumor, and abscess). A bimanual examination
should be performed to rule out PID or adnexal masses.

C. Diagnostic Evaluation: Examine the vaginal discharge
for pH, “whiff test,” and microscopy. Vaginitis caused
candidiasis, trichomoniasis, and bacterial vaginosis is
described in Table 1. Also, test the vaginal secretions for

gonorrhea and chlamydia. A pregnancy test should be
performed on all sexually active adolescents.

D. Treatment: Depending on the cause of vulvovaginitis,
the treatments are described in Table 2. Sexual part-
ners of adolescents with trichomoniasis need to be
notified and treated. Sexual partners of adolescents
with bacterial vaginosis do not need treatment.

CERVICITIS

Cervicitis represents an infection of the cervix. It may pro-
duce discharge from the cervix and can be confused with
vaginitis. Mucopurulent cervicitis is characterized by a
mucopurulent discharge from the cervix. Chlamydia and
gonorrhea are the most common causative organisms for
mucopurulent cervicitis, but often the organisms cannot
be identified. Other causative agents include herpes sim-
plex, Trichomonas vaginalis, and Candida albicans.

A. History: The adolescent may have symptoms of vaginal
discharge, dyspareunia, irregular vaginal bleeding, and
vaginal itching.

B. Examination: On examination, mucopurulent endocer-
vical discharge, endocervical friability, edema, and ery-
thema of the cervix can be noticed.

C. Diagnostic Evaluation: Ten or more white blood cells
(WBCs) per high-power field on a Gram stain speci-
men is diagnostic of mucopurulent cervicitis. The cer-
vical fluid should be sent for chlamydia and gonorrhea
testing. The wet mount should be examined for tricho-
moniasis, hyphae, and clue cells.

D. Treatment: The treatment for mucopurulent cervicitis
is described in Table 3.

PELVIC INFLAMMATORY DISEASE

PID is a polymicrobial infection in which sexually transmit-
ted and/or endogenous vaginal microorganisms spread from
the lower genital tract to infect all or some of the pelvic
organs. If inadequately treated, serious complications such

Table 1. Clinical and Microscopic Features of Vulvovaginitis

Infection Symptoms Vaginal Discharge pH Whiff Test Microscopy
Candidiasis Pruritus, burning, discharge ~ Thick, adherent, white 445  Negative $ WBC, budding yeast, pseudohyphae
Trichomoniasis Frothy, foul-smelling dis- Purulent, profuse, irritat- >45 Variably 4 WBC, trichomonads
charge, pruritus, dysuria ing, frothy, green-yellow positive
Bacterial Foul-smelling discharge, in- Thin, homogenous, >4.5 Positive >20% clue cells
vaginosis creased after intercourse gray-white

WBC, white blood cell count.
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as ectopic pregnancy, infertility, and chronic pelvic pain may
ensue. PID is a clinical diagnosis and is imprecise. PID is a
polymicrobial and is caused by sexually transmitted organ-
isms, especially Chlamydia trachomatis and Neisseria gon-
orrhoeae. Other organisms include anaerobes, Gardnerella
vaginalis, Haemophilus influenzae, enteric Gram-negative
rods, and Streptococcus agalactiae. In addition, cytomegalo-
virus (CMV), Mycoplasma hominis, Ureaplasma urealyti-
cum, and Mycoplasma genitalium might be associated with
some cases of PID. In many cases, no organism is associated
with PID.

A. History: Any adolescent girl with lower abdominal pain
could have PID. History includes sexually activity,
vaginal discharge, irregular vaginal bleeding, or dys-
uria. Systemic signs of anorexia, nausea, vomiting,
fever, or malaise are infrequent.

B. Physical Examination: PID is a clinical diagnosis. The
Centers for Disease Control and Prevention has defined
minimal criteria for PID (see Table 4). Findings may
include abdominal pain or right upper quadrant pain,
which is seen in Fitz—Hugh—Curtis syndrome.

C. Laboratory Evaluation: Supports but does not make the
diagnoses of PID. Testing for gonorrhea and chlamydia

’_1

@ Inpatient

treatment
of PID

should be performed, although negative test results are
common. A pregnancy test should be performed to rule
out ectopic pregnancy, which can mimic PID. Other
optional tests are WBC count, erythrocyte sedimenta-
tion rate, or C-reactive protein, which can be increased.
In addition, ultrasonography helps to exclude ectopic
pregnancy or tubo-ovarian abscess.

D. Diagnosis of PID: As mentioned earlier, PID is an im-
precise clinical diagnosis. The minimal criteria for diag-
nosis of PID are enumerated in Table 4.

E. Outpatient Treatment of PID: The adolescent girl with
PID can be treated on an outpatient basis provided
there are no criteria for hospitalization as described in
Table 5. The patient should return for re-evaluation in
48 to 72 hours to ensure clinical improvement in signs
and symptoms. If there is no clinical improvement, the
patient will need hospitalization. The outpatient treat-
ment of PID as suggested by Centers for Disease Con-
trol and Prevention is described in Table 6. Partner no-
tification, counseling regarding safe sex, risk reduction,
and screening for other STIs should also be part of the
follow-up visit.

F. Inpatient Treatment of PID: Adolescents who meet
criteria for hospitalizations should receive inpatient
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Table 2. Treatment of Vaginitis

Bacterial Vaginosis

Metronidazole: 500 mg orally twice a day for 7 days

OR

Metronidazole gel: 0.75%, one full applicator (5 g); intravaginally,
once a day for 5 days

OR

Clindamycin cream: 2%, one full applicator (5 g); intravaginally at
bedtime for 7 days

Trichomoniasis

Metronidazole: 2 g orally in a single dose

OR

Tinidazole: 2 g orally in a single dose

Candidiasis

Clotrimazole: 500 mg vaginal suppository, once; 200 mg vaginal
suppository qd X 3 days

Miconazole: 2% cream, apply at bedtime X 7 days

Nystatin: 100,000 units vaginal suppositories once daily X 14 days

Fluconazole: 150 mg orally once

Table 3. Treatment of Mucopurulent Cervicitis

Azithromycin 1 g PO once
OR
Doxycycline 100 mg PO bid X 7 days

Table 6. Outpatient Treatment of Pelvic
Inflammatory Disease

Regimen 1

Levofloxacin: 500 mg orally once daily for 14 days*

OR

Ofloxacin: 400 mg orally twice daily for 14 days*®

WITH OR WITHOUT

Metronidazole: 500 mg orally twice a day for 14 days

Regimen 2

Ceftriaxone: 250 mg intramuscularly in a single dose

PLUS

Doxycycline: 100 mg orally twice a day for 14 days

WITH OR WITHOUT

Metronidazole: 500 mg orally twice a day for 14 days

Regimen 3

Cefoxitin, 2 g intramuscularly in a single dose, and Probenecid, 1 g
orally administered concurrently in a single dose

PLUS

Doxycycline: 100 mg orally twice a day for 14 days

WITH OR WITHOUT

Metronidazole: 500 mg orally twice a day for 14 days

Regimen 4

Other parenteral third-generation cephalosporin (e.g., ceftizoxime or
cefotaxime)

PLUS

Doxycycline 100 mg orally twice a day for 14 days

WITH OR WITHOUT

Metronidazole: 500 mg orally twice a day for 14 days

Consider concurrent treatment for gonococcal infection if prevalence of
gonorrhea is high in the patient population under assessment.
PO, orally.

Table 4. Centers for Disease Control and Prevention
Criteria for Diagnosis of Pelvic Inflammatory

Disease

Minimal Clinical Criteria for Diagnosis of Pelvic Inflammatory

Disease

Cervical motion tenderness

OR

Uterine or adnexal tenderness

Additional Criteria to Increase Specificity

Oral temperature >101° F (>38.3° C)

Abnormal cervical or vaginal mucopurulent discharge
Presence of abundant numbers of white blood cells on saline
microscopy of vaginal secretions

Increased erythrocyte sedimentation rate

Increased C-reactive protein

Laboratory documentation of cervical infection with Neisseria
gonorrhoeae or Chlamydia trachomatis

Table 5. Criteria for Hospitalization for Pelvic
Inflammatory Disease

Surgical emergencies (e.g., appendicitis) cannot be excluded.
The patient is pregnant.

The patient does not respond clinically to oral antimicrobial
therapy.

e The patient is unable to follow or tolerate an outpatient oral
regimen.

The patient has severe illness, nausea and vomiting, or high fever.
The patient has a tubo-ovarian abscess.
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treatment for PID as described in Table 7. The inpa-
tient treatment should continue for 24 hours after
clinical improvement of symptoms. Patients may be
discharged and advised to complete oral doxycycline
for a total of 14 days.

SEXUALLY TRANSMITTED INFECTIONS
IN THE MALE SEX

Adolescent boys with STIs are commonly asymptomatic.
They may present with symptoms of urethritis or epididy-
mitis. The causes of urethritis in adolescents are given in
Table 8.

A. A good sexual history is essential. This should be taken
with the adolescent alone, ensuring confidentiality. In-
quire from the adolescent about sexual activity, num-
ber of sexual partners, dysuria, hematuria, and urethral
discharge. The adolescent should be asked about his-
tory of previous STI or a partner with a STI. Obtain
history of type of sexual activity including oral sex and
anal sex (both insertive and penetrative). History of any
urologic procedure predisposes to urethritis, whereas
history of joint involvement raises the suspicion of dis-
seminated gonococcal infection or Reiter syndrome.

B. Examination should be done with adequate lighting
and with the patient in a standing position. Look for
penile discharge; if no discharge is present, the penis
can be milked a few times to help produce the dis-
charge. Retraction of the foreskin is critical in uncir-
cumcised patients. The penis should be inspected for



Table 7 Inpatient Treatment for Pelvic Inflammatory
Disease

Parenteral Regimen 1

Cefotetan: 2 g IV every 12 hours

OR

Cefoxitin: 2 g IV every 6 hours

PLUS

Doxycycline: 100 mg orally or IV every 12 hours
OR

Regimen 2

Clindamycin: 900 mg IV every 8 hours

PLUS

Gentamicin loading dose IV or IM (2 mg/kg of body weight), followed
by a maintenance dose (1.5 mg/kg) every 8 hours. Single daily
dosing may be substituted.

IM, intramuscularly; IV, intravenously.

Table 8. Causes of Urethritis in Adolescents

Principal Bacterial Pathogens
No pathogen identified
Chlamydia trachomatis
Neisseria gonorrhoeae

Other Pathogens

Trichomonas vaginalis
Ureaplasma urealyticum
Mycoplasma genitalium
Mycoplasma hominis
Herpes simplex virus

Table 9. Treatment of Urethritis

Recommended Regimens

Azithromycin: 1 g orally in a single dose

OR

Doxycycline: 100 mg orally twice a day for 7 days
Alternative Regimens

Erythromycin base: 500 mg orally four times a day for 7 days
OR

Erythromycin ethylsuccinate: 800 mg orally four times a day for 7 days
OR

Ofloxacin: 300 mg orally twice a day for 7 days

OR

Levofloxacin: 500 mg orally once daily for 7 days

Table 10. Treatment of Epididymitis

Recommended Regimens

For acute epididymitis most likely caused by gonococcal or
chlamydial infection:

Ceftriaxone: 250 mg intramuscularly in a single dose

PLUS

Doxycycline: 100 mg orally twice a day for 10 days

For acute epididymitis most likely caused by enteric organisms
or for patients allergic to cephalosporins and/or tetracyclines:
Ofloxacin: 300 mg orally twice a day for 10 days

OR

Levofloxacin: 500 mg orally once daily for 10 days

ulcers or warts. Examine the testes for signs of
epididymitis and the anal area for warts or ulcers.
The inguinal area should be examined for lymphade-
nopathy.

C. Urethritis and epididymitis are both diagnosed by
one of the following: observation of mucoid or puru-
lent urethral discharge or first-void urine-positive
leukocyte esterase or microscopic examination of more
than 10 WBCs/high-power field or at least 5 WBCs/
high-power field or gram-negative intracellular diplo-
cocci on Gram stain. Nucleic acid amplification tests
are the most sensitive tests and gold standard for diag-
nosing gonorrheal or chlamydial infections.

D. Patients who are symptomatic need to be treated for
gonorrhea, chlamydia, or both as per Centers for Dis-
ease Control and Prevention guidelines. All sexual
partners of patients from the past 60 days should be
notified. If possible, adolescents should be observed
taking treatments. Treatment of urethritis is given in
Table 9.

E. Epididymitis presents with unilateral testicular pain
and swelling, erythema of the scrotal skin, hydrocele,
and involvement of the adjacent testis. Urethritis
may or may not be present. Treatment includes bed
rest, scrotal elevation, analgesics, nonsteroidal anti-
inflammatory drugs, and antibiotics to treat the infec-
tion. Differential diagnosis includes testicular torsion,
infarction, and torsion of the appendix testis. Treatment
is summarized in Table 10.

F. Teens diagnosed with a STI are at greater risk
for syphilis, HIV, and other STIs. Counseling should
include risk reduction methods such as abstinence,
condom use, and alternative sexual behavior.
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Encopresis (Soiling)
Barton D. Schmitt, MD

Encopresis, or soiling, is the voluntary or involuntary pass-
ing of feces into the underwear or other inappropriate site.

A. Most children with encopresis have severe constipa-
tion (impaction). They soil themselves several times a
day with small amounts of stool. These children peri-
odically have pain with bowel movements, blood on
toilet tissue, and a huge stool that clogs the toilet. Some
children hold back stools to avoid pain, others because
they are locked in a power struggle with the parent.
Determine whether the patient uses the toilet for
bowel movements, and if public and school toilets are
accepted. Because psychogenic factors are common,
perform a psychosocial screen of all children with
encopresis. Some have had punitive toilet training.
Others have resistance as a result of too many remind-
ers, practice runs, lectures, or nagging. For intermit-
tent encopresis of unknown origin, have the parents
keep an encopresis diary to help determine the
circumstances and triggers.

B. Differentiate retentive from nonretentive encopresis
on the basis of impacted stool on abdominal and rectal
examination. In impaction, the rectum is distended
and packed with claylike stool, and a midline suprapu-
bic mass is usually palpable. Leakage of stool from the
bottom of the impaction may occur several times a
day (overflow diarrhea). Suspect nonimpacted encop-
resis when a normal bowel movement is passed into
the underwear once or twice a day without any history
of constipation. A barium enema is indicated only if
the anal canal will not admit a finger or if the rectum is
empty on repeated examination. An abdominal radio-
graph is useful to confirm the diagnosis of impaction
in atypical cases or if the patient refuses a rectal
examination.

C. Remove the impaction with hyperphosphate enemas.
Give one enema per day for 2 or 3 days. Another way
to dislodge an impaction is with oral medications. Give
high-dosage mineral oil (1 oz per year of age/day with
8 oz/day maximum) or polyethylene glycol (1.5 g/kg/
day with 3 capfuls/day maximum) by mouth for 3 or 4
days. After disimpaction, treat the child with a stool
softener, such as mineral oil, milk of magnesia, lactu-
lose, or polyethylene glycol for 3 months, until the di-
ameter and tone of the bowel return to normal. Chil-
dren who hold back stools because of pain or negativism
need to be treated with a laxative (e.g., Dulcolax or
senna product) in addition to the stool softener. Rec-
ommend a diet that includes increased amounts of
bran, fresh fruits, and vegetables, and decreased milk
products. Instruct the parents that the child should
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also sit on the toilet three times a day or the program
will fail. Some children will not sit on the toilet unless
offered incentives. The physician’s continued involve-
ment is critical even if the child needs referral to a
psychologist or psychiatrist.

D. If the child has no evidence of constipation and the
encopresis consists of a normal-sized bowel movement
into the underwear once or twice a day, the cause is
almost always emotional. If there is no evidence of
constipation and the soiling is a small amount, consider
poor bowel habits, such as postponing bowel move-
ments (with partial leakage before reaching the toilet),
small leakage with gas (e.g., lactose intolerance), partial
emptying with sticky stools, or poor wiping.

E. Pediatric counseling, especially for soiling without con-
stipation, involves setting up a new toileting program
with the child’s active participation, stopping any re-
minders to sit on the toilet (to remove the power
struggle), and giving incentives for the release of any
normal-sized stools into the toilet. The parents’ main
job is to detect any accidents and help the child change
as soon as possible. Enemas and medications are not
needed in nonretentive encopresis. Refer severely
emotionally disturbed children (e.g., those who are
depressed, acting out, or older than 6 years and not
impacted) for therapy.
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Enuresis (Bed Wetting)

Nocturnal and Diurnal
Barton D. Schmitt, MD

A. Determine the age at onset, pattern (daytime vs. night-
time), and frequency of wetting. Note any dysuria, an
abnormal urine stream (dribbling), constipation, soil-
ing, polydipsia, and polyuria. Identify predisposing
conditions, such as frequent urinary tract infections,
fecal impaction, diabetes mellitus, central nervous sys-
tem disease or trauma (diabetes insipidus), and severe
emotional disturbance (deliberate wetting). Obtain a
psychosocial history and identify children who appear
to be severely disturbed.

B. Note a distended bladder or fecal impaction. Examine
external genitals for vulvitis, labial adhesions, and signs
of sexual abuse. Assess the anal sphincter wink, the
child’s gait, and the ankle deep tendon reflexes. Ob-
serve the urine stream. Perform a urinalysis for all pa-
tients, with special emphasis on the specific gravity,
urine glucose, nitrite, and leukocytes.

C. Suspect an associated urinary tract malformation when
an abnormal urine stream, constant wetness (damp-
ness), or recurrent urinary tract infections are present.
Radiologic studies, including a voiding cystourethro-
gram (VCUG) and intravenous pyelography or renal
ultrasonography, will identify ectopic ureters, a lower
urinary tract obstruction, or a neurogenic bladder.

D. Categorize patients according to the pattern of enure-
sis. Nocturnal enuresis is common (>10% of 5-year-
olds wet their beds); diurnal enuresis is far less com-
mon. Nocturnal enuresis is involuntary; diurnal enuresis
is commonly voluntary. When both forms are present,
treat diurnal enuresis first.

E. Approximately one third of daytime wetters have urgency
incontinence (unstable bladder). These children wet
themselves while running to the toilet or while trying to
undress. They do use the toilet, unlike those with behav-
ioral problems. Most are girls, and they may have a long
history of intense bladder spasms; they are embarrassed
by their problem, and the family history is commonly
positive. Treat these children with stream-interruption
exercises (counting to 10 while stopping at midstream);
they should work up to interrupting for 1 minute (use an
egg timer). Oxybutynin (Ditropan) is also helpful for re-
ducing bladder spasms. Bladder-stretching exercises are
contraindicated; they lead to increased wetting.

F. Many daytime wetters deliberately wet themselves to
retaliate for the pressures of toilet training. Some have
been physically punished; others have been endlessly
nagged and reminded. Most have mild oppositional
problems and can be treated by the primary physician.
Set up a new toilet-training program with the child’s
active participation using a calendar and incentive
system for each dry day. Have the parents discontinue
any reminders to use the toilet but continue to remind
the youngster to change to dry clothing when wet.
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Stream-interruption and bladder-stretching exercises
are both counterproductive because the child consid-
ers them an intrusion. Refer to a child psychiatrist or
psychologist those who are depressed, overtly angry,
or older than 8 years. Also refer children with perva-
sive emotional problems.

G. A few children (infrequent voiders) hold back their urine
for extended periods (e.g., >8 hours). Some become
partial emptiers and have an increased risk for urinary
tract infections. Some experience development of tra-
beculated bladders, vesicoureteral reflux, hydronephro-
sis, and even renal failure. All of these children need a
uroflow study and bladder ultrasound for residual urine.
If the results are abnormal, they need referral to a urolo-
gist. Most respond to the motivation program described
in F. Those with urinary tract infections may require
prophylactic antibiotics. Those with vesicoureteral reflux
require timed voidings every 3 hours. Younger children
may need incentives to comply with timed voidings.

H. More than 75% of nighttime bed-wetters have a small
bladder capacity. Normal bladder capacity is 1 oz per
year of age plus 2, or 10 ml/kg. Children with small
bladders all need to learn to awaken at night to urinate.
Portable transistorized enuresis alarms (Potty Pager,
Malem, Wet Stop, etc.) are the intervention of choice
to achieve this goal. Bladder-stretching exercises can
be used, but they cure only 35% of children and yield
slow progress. Desmopressin is an effective, safe drug
that can be used for overnights and vacations.

I. Children with an increased or normal bladder capacity
respond to a program that helps them take responsibil-
ity for their symptom. Have the family discontinue any
punishment. Dry mornings should result in positive
recognition (praise, a calendar, incentives). Wet morn-
ings carry the natural consequence of changing the
bed. Fluids are decreased during the 2 hours before
bedtime, and the bladder is emptied at bedtime.
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Bradyarrhythmias

Martin J. LaPage, MD, and John H. Reed, MD, MPH

Rarely will a patient have a chief complaint of “bradycar-
dia.” Rather, this will be found during the physical exami-
nation of a patient with fatigue or syncope, or a patient
who is completely asymptomatic. Bradycardia will be de-
fined and evaluated differently depending on the patient’s
age and the circumstances of presentation. Bradycardia
is defined as heart rate less than 2nd percentile for age
(Table 1). However, there is wide variation in heart rate at
all ages, and it is not uncommon for healthy children
to manifest heart rates lower than normal. The following
algorithm is oriented toward the evaluation of bradycardia
presenting in the outpatient setting.

ASSESS DEGREE OF ILLNESS

Bradycardia with acute hemodynamic compromise should
be managed according to Pediatric Advanced Life Support
guidelines, including cardiopulmonary resuscitation and
administration of epinephrine, atropine, or both.

A. History: Attempt to identify the onset of symptoms.
Evidence of congestive heart failure in infants includes
poor weight gain and tachypnea especially with feed-
ing. Syncope and easy fatigability are more typical in
the older child. Additional symptoms may include
chest pain, palpitations, light-headedness, weight gain
(edema), or nausea. History of congenital heart disease
and cardiac surgery should be recognized, including a
history of ablation for arrhythmias. Recent illnesses or
exposures may suggest infectious causative agent. Neu-
rologic abnormalities or developmental delay or re-
gression may suggest a metabolic disorder. Consider
drug ingestions. Maternal lupus status is an important
cause of congenital complete heart block (Table 2).

B. Physical Examination: Focus should be on signs of
congestive heart failure: tachypnea, poor perfusion,

Table 1. Heart Rate by Age

Age 2nd Percentile Mean 98th Percentile
1 day 94 122 155
7-30 days 105 150 182
1-3 months 120 150 180
3-6 months 105 142 185
6-12 months 108 132 168
1-3 years 90 120 150
3-5 years 73 110 138
5-8 years 65 100 133
8-12 years 62 90 130
12-16 years 62 85 120

Data from Davignon A, Rautaharju P, Boisselle E, et al. Normal ECG standards
for infants and children. Pediatr Cardiol 1979;1:123-31.
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hepatomegaly, and hypotension. Examine for evidence
of congenital heart disease by searching for abnormali-
ties in the heart sounds. Note the regularity of the
heart rhythm. Complete examination may suggest an
underlying condition such as Lyme disease, rheumatic
disease, or a metabolic syndrome.

C. Electrocardiogram (ECG): All suspected bradycardia
must be confirmed with electrocardiogram. Evaluation
of rhythm is essential for further management. Sinus
arrhythmia is a normal variation in heart rate correlat-
ing with breathing; it may produce sinus pauses up to
2 to 3 seconds in sleeping individuals. Sinus bradycar-
dia will have a normal, regular PR interval and a 1:1
association of P waves to the QRS complexes. Fre-
quent atrial premature beats may block in the atrioven-
tricular node and cause bradycardia, especially in the
neonate; the premature P wave may be concealed in
the T wave. Type 1 second-degree heart block (atrio-
ventricular block [AVB]) has progressive lengthening
of the PR interval until a completely blocked P wave is
seen. Type 2 second-degree AVB shows intermittent
blocked P waves without PR prolongation. Complete
atrioventricular block demonstrates atrioventricular
dissociation and may be missed if the atrial and ven-
tricular rates are similar (isosynchronous).

(Continued on page 76)

Table 2. Causes of Sinus Bradycardia and Heart

Block
Increased vagal tone Congenital heart disease
Familial Endocardial cushion defect
Hypothyroidism Ebstein anomaly of the
tricuspid valve
Hypothermia Congenitally corrected

Electrolyte abnormalities:
Hypokalemia or hyperkalemia
Hypocalcemia or hypercalcemia
Hypoglycemia

Hypomagnesemia

Antiarrhythmic drugs
Toxic ingestions

Infection:
Myocarditis
Endocarditis
Lyme disease
Rocky Mountain spotted fever
Acute rheumatic fever
Chagas disease
Diphtheria
Rubella
Mumps
Trichinosis
Human immunodeficiency virus

transposition
Heterotaxy syndromes
Surgery/ablation
Chest trauma
Maternal connective tissue
disease
Systemic lupus
erythematosus
Sjogren syndrome
Mixed connective tissue
disease
Fetal myocarditis
Cardiomyopathy
Muscular dystrophy
Kearns-Sayre syndrome
Holt-Oram syndrome
Long QT syndrome
18p— syndrome
Metabolic
Carnitine deficiency
Glycogen storage disease
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. Sinus Bradycardia: May be a benign finding in an oth-

erwise healthy patient; assure that the patient has an
adequate chronotropic response to exercise. Inability
to raise heart rate for activity is a sign of sinus node
dysfunction and is rare in patients without congenital
heart disease. Excessive vagal tone in infants can pro-
duce bradycardia associated with apnea or breath-
holding spells. Twenty-four-hour Holter monitor
should be performed and reviewed by a pediatric car-
diologist to evaluate heart rate variability and assess for
signiﬁcant sinus pauses or any AVB.

. First or Second-Degree AVB: First-degree AVB is not

a cause of bradycardia; it is included here only for
completeness. Both first- and second-degree type 1
(Wenckebach) AVB may be present in normal children
during rest or sleep. Resolution of the block by increas-
ing the heart rate with activity suggests that this is be-
nign. Alternatively, first- or second-degree AVB may be
the harbinger of progressive conduction system disease
or underlying systemic illness. Type 2 second-degree
AVB is suggestive of an underlying conduction abnor-
mality. Evaluation with Holter monitor may uncover
higher grade AVB. These findings or progression of
heart block over time should prompt pediatric cardiol-
ogy evaluation.

Asymptomatic High-Grade AVB or Complete Heart
Block: High-grade AVB is the presence of serially
blocked P waves interspersed with normally conducted
beats. Previously unrecognized congenital heart disease
such as congenitally corrected transposition of the great
arteries may present with heart block in the presumed
healthy teenager. Consider congenital AVB, which may
not be discovered until beyond the neonatal period.
Infectious, inflammatory, metabolic, and pharmacologic
causative factors should always be considered in new-
onset AVB. Hospitalization of the infant with complete
heart block is warranted during evaluation. The asymp-
tomatic child or adolescent with complete heart block
may be managed as an outpatient. In either case, refer-
ral to a pediatric cardiologist is essential.

Mild to Moderate Symptoms: Symptoms may not be
immediately obvious (see part A). Chest radiograph
and echocardiogram can further delineate degree of
heart failure or presence of congenital heart disease.
Hospitalization should be considered for monitoring
and to manage symptoms of heart failure until cause
and course of therapy can be determined.

. Symptomatic High-Grade AVB or Complete Heart

Block: Hospitalization with continuous telemetry is

warranted in most cases during the evaluation, espe-
cially if acute onset of AVB is suspected. Chronic AVB
is unlikely to present with more than subtle symptoms.
Degree of hemodynamic compromise should be deter-
mined including renal function. Suspected causative
factors such as infection should be addressed. Supple-
mental oxygen will relieve some of the demand on the
heart. Isoproterenol infusion at 0.05 to 2 pg/kg/min
or epinephrine at 0.01 to 1 pg/kg/min can increase
ventricular rate to increase cardiac output. Atropine
0.02 mg/kg every 5 minutes may be useful if sinus node
dysfunction is suspected.

I. Severe Congestive Heart Failure: Overt evidence of
congestive heart failure demands hospitalization and
intensive care unit care should be strongly considered.
Chronotropic therapy with isoproterenol or epinephrine
(see earlier) is typically required. Transcutaneous, trans-
esophageal, or temporary transvenous pacing should be
used during stabilization and initial evaluation. Consul-
tation with a pediatric cardiologist is essential.
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Evaluation of a Child

with a Heart Murmur
Michael Walsh, MD, and John H. Reed, MD, MPH

Most children will have a heart murmur at some point in
their lives. The challenge to the primary caregiver is to
distinguish the pathologic minority of murmurs from the
innocent majority. A detailed history and focused cardio-
vascular examination will aid the clinician in doing so.

A. A thorough history is the first step in the evaluation
of a murmur. Prenatal and perinatal history should
focus on infections, teratogenic exposures, and gesta-
tional diabetes, all of which predispose to structural
heart disease. Medical history may reveal diseases or
syndromes associated with cardiac abnormalities.
Symptoms of organic heart disease vary by lesion and
age. The infant may present with inappropriate tachy-
pnea, failure to thrive, or poor feeding, including cya-
nosis or diaphoresis with feeds. Older children and
adolescents may complain of exercise intolerance, ex-
ertional chest pain, syncope, orthopnea, or recurrent
lower respiratory infections. Family history should
identify heart disease or sudden, unexplained death in
young family members and genetic disorders, such as
Marfan, Noonan, or Turner syndromes.

B. A complete cardiac physical examination should begin
with assessment of the vital signs. Tachycardia or tachy-
pnea, decreased oxygen saturation, or alterations in the
blood pressure may suggest congenital or acquired
heart disease. Alternatively, the increased cardiac out-
put associated with fever may itself cause a murmur.
Growth parameters including weight, height, and head
circumference are of utmost importance. Delay in all
three may indicate a genetic disorder, whereas isolated
weight retardation is often seen in congestive heart
failure secondary to poor caloric intake and excessive
caloric expenditure. Cyanosis can be most easily seen in
the tongue because of its vascularity and lack of pig-
mentation. Precordial inspection may reveal a heave
when there is ventricular hypertrophy, and precordial
palpation in this setting may find a thrill. The point of
maximal impulse, which can indicate abnormal cardiac
position or ventricular hypertrophy, should be deter-
mined. Pulses should be palpated simultaneously in the
upper and lower extremities. Weak or delayed lower
extremity pulses could represent aortic coarctation.

C. Cardiac auscultation begins with the normal heart sounds,
S1 and S2. The first heart sound represents closure of the
mitral and tricuspid valves, and is often single, especially
in infancy. The second heart sound represents semilunar
(aortic and pulmonary) valve closure and is of particular
diagnostic value. The physiologic splitting of S2 that
increases with inspiration is a normal finding. A single
second heart sound is a concerning finding in neonates,
because it can represent a single semilunar valve, transpo-
sition of the great arteries, or pulmonary hypertension. A
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widely split S2 is associated with conditions that prolong
right ventricular emptying, most notably the atrial septal
defect. The third and fourth heart sounds, S3 and S4, are
low-frequency sounds that, if present, will be heard dur-
ing diastole and create a gallop rhythm. The third heart
sound is often a normal finding. The fourth heart sound,
in contrast, is always abnormal and is most common in
congestive heart failure or cardiomyopathy, or both. A
systolic ejection click, which is a loud, high-frequency
sound immediately following S1, is often caused by valvar
aortic or pulmonary stenosis. Mitral valve prolapse pro-
duces a midsystolic click best heard at the apex that may
be associated with a late systolic murmur.

D. Characterization of murmurs requires delineation of

their timing, location, radiation, intensity, and quality.
Murmurs are initially separated according to their tim-
ing within the cardiac cycle (systolic, diastolic, or con-
tinuous). The location on the precordium where the
murmur is best heard gives an important clue to the
source of the murmur. The upper right and left sternal
borders will be the best place to hear murmurs origi-
nating from the aortic and pulmonary valves, respec-
tively. The tricuspid valve is auscultated over the left
lower sternal border, whereas the apex is the usual
“listening post” for the mitral valve. The radiation of a
murmur is related to the path of turbulent blood flow.
For example, aortic stenosis causes turbulent flow
across the valve and into the ascending aorta and carot-
ids such that the clinician is likely to hear radiation of
the murmur from the upper right sternal border to the
neck. Similarly, the murmur of pulmonary stenosis ra-
diates to the back and axillae, following the course of
the branch pulmonary arteries. The intensity of a mur-
mur should be graded from I to VI (Table 1). Descrip-
tion of the quality and pitch of a murmur takes some
degree of experience but is extremely useful in distin-
guishing innocent murmurs (particularly a Still's mur-
mur) from those that require further evaluation.

E. Most systolic murmurs (those occurring between S1

and S2) may be further divided into systolic ejection
murmurs and holosystolic murmurs. Systolic ejection
murmurs begin after S1, increase and then decrease in

Table 1. Grading of Cardiac Murmurs by Intensity

Grade 1 Barely audible (softer than the heart sounds)
Grade 11 Soft, but easily audible (about as loud as heart sounds)
Grade 111 Moderately loud murmur without a thrill (louder than

the heart sounds)

Grade IV Loud murmur with a thrill
Grade V Murmur heard with the stethoscope barely touching the

chest

Grade VI Murmur heard with the stethoscope off of the chest
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intensity (crescendo-decrescendo), and end in late
systole. Holosystolic murmurs begin with S1 and con-
tinue through systole with the same intensity.

. Holosystolic murmurs (Table 2) are those of the ven-
tricular septal defect (VSD) and atrioventricular valve
regurgitation. A VSD may not be heard at birth,
because the right ventricular pressure of the neonate is
close to that of the left ventricle. As pulmonary vascular
resistance declines, the pressure gradient across the
ventricular septum increases, causing more shunting
and the emergence of the murmur. VSDs are, there-
fore, often heard for the first time at a well-child visit
between 1 and 6 weeks. The murmur of a closing VSD
will become louder as the flow across the defect be-
comes more turbulent. Tricuspid regurgitation is heard
best at the left lower sternal border and increases with
inspiration. Mitral regurgitation is a blowing pansystolic
murmur heard best at the apex with radiation com-
monly to the left axilla. All holosystolic murmurs are
pathologic and warrant further evaluation.

. Systolic ejection murmurs (Table 3) are usually the
result of turbulent blood flow across the ventricular
outflow tracts. The murmur of aortic stenosis is loudest
at the upper right sternal border and radiates to the
neck; that of pulmonary stenosis is most prominent at
the upper left sternal border with radiation to the back
and axillae. Like other right-heart murmurs, pulmonary
stenosis increases with inspiration, which increases
venous return to the right side of the heart. Outflow
tract obstruction can occur below, above, or at the level
of the semilunar valve. An early systolic click suggests
valvar obstruction and essentially rules out an innocent

(Contd on p 83)

y
(Contd on p 83)

flow murmur. Coarctation of the aorta most typically
causes a grade I-ITI/VI murmur heard at the upper left
sternal border with radiation to the back. Blood pres-
sure or pulse discrepancy between the upper and lower
extremities will support such a diagnosis.

. Continuous murmurs (Table 4) are heard with a patent

ductus arteriosus, arteriovenous fistulas, and surgically
created systemic-to-pulmonary shunts. In these situa-
tions, there is a pressure gradient in both systole and
diastole, producing the continuous flow and murmur.
The murmur typically obscures the second heart sound
(S2). This distinguishes a continuous murmur from the
“to-and-fro” murmur of semilunar valve stenosis and
regurgitation. The venous hum is the only innocent con-
tinuous murmur. It is a soft, low-pitched murmur heard
bilaterally in the upper chest that disappears with supi-
nation, turning the neck, or jugular vein compression.

. Diastolic murmurs (Table 5) are produced by regurgi-

tant semilunar valves or turbulent flow across the atrio-
ventricular valves. Aortic and pulmonary regurgitation
occur early in diastole and get softer as the ventricles
fill. Aortic regurgitation causes a high-pitched murmur
that radiates to the apex. Pulmonary regurgitation is
usually medium-pitched and radiates down the left
sternal border. Turbulent flow across the AV valves
causes a mid-diastolic murmur, which will be low-
pitched and best appreciated with the bell of the
stethoscope. This can be caused by normal flow across
a narrowed valve (mitral and tricuspid stenosis) or ex-
cessive flow across a normal valve (as with the in-
creased right atrial volume of an ASD or the excessive
pulmonary venous return of a left-to-right shunt).
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Table 2. Holosystolic Murmurs

Diagrammatic

Substrate Representation Chief Murmur Characteristics Associated Findings

Ventricular septal defect S4 Sy

Sy
sl
]____

Well-localized holosystolic murmur
usually at left lower sternal
border; thrill may be present; soft

Congenital lesion; common in fetal alco-
hol syndrome, Down syndrome; pre-
cordial hyperactivity may be present

Mitral regurgitation

Ay Holosystolic murmur at apex, trans- May occur in Marfan syndrome; precor-

S_1 Ps St mits to left axilla; grade TII-IV; dial noise may be present, short rum-
wide splitting of $2; murmur bles after loud S3 when lying on left

| heard at left axilla side

] S3
Tricuspid regurgitation S, A, Py Holosystolic murmur to immediate Seen more often in infants, toddlers;

M 2 Ss right or left of sternum; inspiration intensifies murmur and S3
grade II-11L; wide splitting of S2;
short rumbles after loud S3

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko R], Williams RG. Heart murmurs
in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Table 3. Systolic Ejection Murmurs

Substrate

Diagrammatic Representation

Chief Murmur Characteristics

Associated Findings

Pulmonary stenosis

Aortic stenosis

s, EC

o]
Moderate UI‘O[I —

Ao P,

I___

Ejection murmur at upper left
sternal border (toward baseline
in infants); thrill; ejection click

S1

—1

| omm— |

Congenital lesion; inspiration
intensifies murmur;
expiration intensifies click

Ejection murmur primarily at Congenital lesion
s, EC A2 Py Sy Jupper right ster?lal bor(ier but g
) | I transmits to neck and left
Mild l:' M lower sternal border; thrill;
ejection click
Atrial septal defect A Ejection murmur at upper left Congenital lesion; common in
Sy 2 Ps Sy sternal border; loud S1; widely fetal alcohol syndrome; left
split, fixed chest may be enlarged
H‘O‘H I_——_:I S2; mid-diastolic murmur may be
present
Coarctation of the aorta EC Sometimes heard in back; thrill; Arm pulses stronger and
Sy S, Sy soft; ejection clicks, early earlier than leg pulses;
diastolic murmurs may be heaving apical impulse may
:I present if associated with be present
bicuspid aortic valve
S;3 ]

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko R], Williams RG. Heart
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.
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Table 4. Continuous Murmurs

Substrate Diagrammatic Representation

Chief Murmur Characteristics

Associated Findings

Patent ductus arteriosus

<>

S3
| o—

Continuous murmur along upper
left sternal border (seldom
continuous in neonates); thrill;
grade I-IV; machinery-like

Jongenital lesion; often detected
at birth, especially in preterm
infants, bounding pulses,
precordial hyperactivity may
be present; murmur intensities
on supination

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko R], Williams RG. Heart
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Table 5. Diastolic Murmurs

Chief Murmur Characteristics

Associated Findings

Substrate Diagrammatic Representation
Mitral st i
itral stenosis s, IIEC Ay Py s,
1 S; 0s S1
Aortic regurgitation
gurg S, S, S
Sy
i1 S; i1
Pulmonary regurgitation S, S, S,

Loud S1 at apex; short opening

Early diastolic decrescendo murmur

Short, early diastolic murmur and

snap and harsh murmur at left
lower sternal border usually
at mid-diastole; low-pitched
presystolic murmur may be
present

at or left of sternum; blowing;
thrill, secondary midsystolic
murmur caused by increased flow
may be present

secondary midsystolic murmur
caused by increased flow along
left sternal border

M

Seen several years after rheumatic fever;

murmur intensified by lying on left
side

ay occur in Marfan syndrome;
bounding pulses and precordial
noise may be present; murmur
intensified by sitting, leaning
forward, and holding breath

Usually congenital lesion

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko R], Williams RG. Heart
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Table 6. Innocent Heart Murmurs

Chief Murmur Characteristics

Associated Findings

Substrate Diagrammatic Representation
Vibratory (Still's) murmur S, Sy
Pulmonary flow murmur A )

S‘1 2 Ps S_1
Carotid bruit S, S, S,
Venous hum S, S, s,

Systolic murmur between left lower
sternal border and apex; musical
quality intensifies on supination

Systolic murmur at upper left sternal
border; soft; in infants, transmits to
back and axillae

Systolic murmur near the clavicles or
over the carotids; soft; faint thrill

Continuous murmur at clavicles

Detected during early school
years; murmur

Present in infants or adolescents;
murmur dissipates on
supination

Present at any age; murmur
disappears on supination

Detected during early school
years; murmur disappears on
supination, compression of
jugular vein, turning head

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.
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An innocent heart murmur (Table 6) must meet the fol-
lowing criteria: (1) The patient must be asymptomatic
from a cardiovascular perspective; (2) the cardiac ex-
amination should be normal by inspection and palpa-
tion; (3) with the exception of the venous hum, the
murmur should be heard only during systole; (4) it
should not be graded greater than III/VI in intensity;
and (5) the specific type of murmur should be suggested
by the examination. The most common innocent mur-
mur of childhood is the Still's murmur. This is a low-
pitched systolic murmur often described as vibratory or
musical in quality that is best heard between the left
lower sternal border and the apex when the patient is
supine. Common in infancy, the murmurs of peripheral
pulmonic stenosis radiate from the left upper sternal
border to the axillae and back. It is heard more com-
monly in premature infants and disappears by 6 months
of age. A common murmur in older children and adoles-
cents is the pulmonary flow murmur. It is louder in high-
output states, such as fever or anemia, and is best heard
over the pulmonary outflow area. Unlike valvar pulmo-
nary stenosis, it has no associated click and will have a
normal second heart sound. The venous hum was
discussed earlier.

Although murmurs can be the initial presentation of
congenital or acquired heart disease, the majority of

murmurs heard in the outpatient setting will not be
associated with any cardiac pathology. The clinician
must weigh the suspicion for pathologic heart disease
against the cost of cardiology referral. A patient
with cardiac symptoms and a murmur should see
a pediatric cardiologist as soon as possible. In the
evaluation of a murmur, the clinician may consider
chest radiography and electrocardiography to further
assist in his or her decision making. If the decision is
made not to refer, the patient must be observed for the
development of symptoms or any changes in the
murmur.
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Hypertension
Elizabeth Yeung, MD, and Michael S. Schaffer, MD

Hypertension is systolic or diastolic blood pressure (BP) at
or exceeding the 95th percentile for age, sex, and height,
as established by the National Heart, Lung, and Blood
Institute (the complete chart is available online at: www.
nhlbi.nih.gov/guidelines/hypertension/child_tbl.pdf). The
elevated BP should be documented on repeat measure-
ments. A thorough history and physical examination must
be sought to evaluate for an organic cause for the hyper-
tension, known as secondary hypertension. Primary or es-
sential hypertension is less likely in young children than it
is in adults, although it is rapidly changing because of the
obesity epidemic. Obesity and prematurity are two major
risk factors for essential hypertension. Long-standing hy-
pertension is a precursor to adult cardiovascular disease
and its sequelae.

A. In the history, ask about family history of cardiac dis-
ease including hypertension, heart disease, and stroke.
Review medical history for renal disease, including
history of urinary tract infections, prematurity at birth,
and use of umbilical artery catheter in the newborn.
Note full review of systems, including symptoms and
signs of undiagnosed renal disorders (polyuria, dysuria,
hematuria, and edema), sleep apnea (snoring, daytime
somnolence), cardiac symptoms (dyspnea, palpitations,
or chest pain), metabolic disorders (including metabolic
syndrome), collagen vascular disorders, and current
medications. Ask for symptoms of nausea, headache,
irritability, failure to thrive, and deteriorating school
performance to assess for severity and impact from
hypertension.

B. BP and pulses should be taken in all four extremities.
The bladder width should be at least 40% of the arm
circumference. The bladder length should cover 80% to
100% of the circumference of the arm. Unfortunately,
the commonly used electronic devices often have a sys-
tematic error with the systolic pressure reading that is
spuriously high if the right arm pressure is elevated. The
mean arterial pressure is most accurate on these
machines. Differential pulses and differential BP with
upper extremity pressures higher than the lower
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pressures are suggestive of a coarctation of the aorta.
Lower extremity systolic pressures are usually 10 to
20 points greater than the upper extremity. Perform a
thorough ophthalmoscopic examination, looking for ar-
teriovenous nicking, tortuosity, hemorrhage, and papill-
edema as evidence of long-standing hypertension. Note
signs of hypertensive encephalopathy, such as seizures,
stroke, altered mental status, and focal neurologic de-
fects. An abdominal bruit suggests renal artery stenosis.
Note edema, thyroid size, hirsutism, striae, and other
signs of an endocrine disorder.

C. Assess the severity of hypertension (Table 1). Less than
90% for age/height/sex is considered normal. The
category of prehypertension is about 90% to 95%.
Hypertension is BP greater than 95% documented on
three or more occasions. Stage 1 hypertension is 95%
to 99%, and stage II hypertension is defined as greater
than 99%. (Because of the small margin between 95%
and 99%, stage I is designated as 95% to 5 mm Hg
greater than 99%, and stage II is for BP 5 mm Hg
greater than 99%). Severely ill patients may have ac-
celerated hypertension with signs of congestive heart
failure (infants) or hypertensive encephalopathy. Mod-
erate hypertension usually has no symptoms.

D. Because of the unreliability of commonly used elec-
tronic BP measurement devices, the measurements
should be validated with a sphygmomanometer. Ambu-
latory BP monitoring may be helpful in this scenerio.
It is a portable device that measures BP repeatedly over
24 hours.

(Continued on page 86)

Table 1. Severity of Hypertension

Hypertension Hypertension

Prehypertension Stage | Stage
90-95% =95-99% + =99% + 5 mm Hg
asymptomatic 5 mm Hg signs of congestive

mild symptoms heart failure or hyper-

tensive encephalopathy




Patient with HYPERTENSION

@ History
Physical examination —>

/

@ @ Assess severity of hypertension (Table 1)
I

/

(Cont'd on p 87)

{

(Cont'd on p 87)

{

(Cont'd on p 87)
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All patients with prehypertension or hypertension
should be counseled with nonpharmacologic therapy.
Nonpharmacologic therapy includes reduced sodium
intake, weight reduction for obese patients, exercise,
change in lifestyle, and decreased stress. Avoid stimu-
lant medications, sympathomimetics, amphetamines,
steroids, oral contraceptives, and decongestants, which
may elevate pressures. Discourage cigarette smoking.
Participation in dynamic exercise may continue, in-
cluding competitive sports, unless the BP is greater
than the 99th percentile (uncontrolled) or there is de-
monstrable end-organ damage. Isometric exercise with
systemic hypertension is considered by many to be
contraindicated until the BP is well controlled.

. Perform a basic diagnostic evaluation in patients with docu-

mented BPs greater than the 95th percentile. In those with
BPs between the 90th and 95th percentiles, repeated pres-
sures should be performed in 4 to 6 weeks. The evaluation
includes complete blood cell count, urinalysis and urine
culture, basic metabolic panel, lipid panel, thyroid function,
renal ultrasound, and echocardiography (for baseline left
ventricular mass). For the prehypertensive group, the
above testing should be directed by history and physical. A
lipid panel should be drawn if the patient is obese or there
is a positive family history. Referral should be made to sub-
specialists if a primary cause is found.

. Pharmacologic therapy may be considered for stage I

hypertensive patients if they are symptomatic, have

evidence of end-organ damage or diabetes mellitus
type 1 or 2, or if the hypertension persists despite life-
style modifications. Treatment may be considered for
prehypertensive patients with chronic kidney disease,
diabetes, or left ventricular hypertrophy. First-line
medications depend on the cause of the hypertension
and include beta-blockers, an angiotensin-converting
enzyme inhibitor, a calcium channel blocker, or a
diuretic. For dosages, see Table 2.

. For severe hypertension, consider referring to a pedi-

atric hypertension specialist. Asymptomatic patients
should be treated for primary cause if present
and started on antihypertensive medication. In symp-
tomatic patients, hospitalization may be required.
Patients with severe uncontrolled hypertension may
be at risk for encephalopathy. Patients may be treated
with a continuous infusion of sodium nitroprusside.
When it is used longer than 48 hours or in high
dosages, monitor for cyanide toxicity. Esmolol and
nicardipine are other agents that may be considered.
The goal should be to decrease BP by 25% in the
first 8 hours, then normalize it in the next 24 to
48 hours.

. Intravenous labetalol or hydralazine may be used in

less urgent situations, followed by diuretics (unless
volume contracted) and other parenteral antihyperten-
sives (beta-blockers, vasodilators). Patients must be
monitored closely during administrations.

(Continued on page 88)
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(Contd from p 85)

/

Prehypertension

90th—95th percentile

l

Follow-up:
Repeat BP
weekly x4
I
Normal BP BP remains
l >90th percentile
Follow-up: Consider:
Assess in Basic evaluation
6 mo ¢

®

Treat:

therapy

Institute nonpharmacologic

1°HTN

{

Stage | hypertension

Asymptomatic
BP

>95th—-99th + 5 mm Hg

{

Stage Il hypertension
Symptomatic
BP
>99th + 5 mm Hg

Stable Unstable

Hospitalize

Labetalol

Hydralazine

Good response  Poor response

(

Diagnostic
work-up

®

!

Good response

|

!

Poor response

|

Follow-up:
Assess in
3-4 mo

®

Complete
basic evaluation

!

Treat: (Table 2):
Oral B-blockers,
ACE-inhibitor
or Ca channel
blocker

©

'

Good response

!

Treat:

therapy

Maintenance

!

Follow-up:
Assess in
3-4 mo

!

Poor response

/ /

| Hypertensive

emergency

Treat: (Table 2)
Sodium nitro-
prusside drip,
or esmolol or
nicardipine

Treat: (Table 2)

Consider:
B-blockers
Diuretics
ACE-inhibitor

Ca channel blocker

3

<—— Good response  Poor response

Treat:
Consider:

Extensive diagnostic
evaluation
(Cont'd on p 89)

Dialysis
nephrectomy
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J. Ultimately, the cause of severe hypertension must
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be dealt with.

Table 2. Drugs Used in the Treatment of Hypertension in Children

Drug

Dosage

Severe Hypertension

Sodium nitroprusside
Esmolol

Nicardipine

0.3-0.5 pg/kg/min IV drip, may titrate (maximum: 10 wg/kg/min)
500 wg/kg/min load, followed by continuous infusion and titrate
50-200 pg/kg/min

0.5-3 pg/kg/min IV infusion

Moderate to Severe Hypertension

Hydralazine

Calcium channel blocker
Nifedipine

Beta-blocker
Propranolol

Enalapril

0.1-0.2 mg/kg/dose IM or IV every 4-6h PRN
0.75-3 mg/kg/24 hr PO every 6-12h

0.25-0.5 mg/kg/dose PO tid or gid

Infants: 0.1-0.25 mg/kg/dose PO qid (maximum: 1 mg/kg/dose)

Children: 0.5-2 mg/kg/day divided doses every 6-8 hours (maximum: 60 mg/day)

Adolescent: begin 10 mg PO gid, then increase at 1- to 2-wk intervals (maximum adult dose,
320-480 mg/day)

0.05 mg/kg/dose IV every 6h (maximum: 5 mg/dose)

Children: 0.1-0.5 mg/kg/24 hr divided 1-2 times/day PO (maximum: 40 mg/24 hr)

Adolescent/adult: 2.5-5 mg/day PO; increase to 1040 mg/day in 1-2 divided doses

Other Common Agents for Outpatient Therapy

ACE inhibitors
Captopril

Lisinopril
Angiotensin receptor blocker
Losartan
Beta-blocker
Atenolol
Ca channel blocker
Amlodipine
Central a-agonist
Clonidine
Diuretics®
Hydrochlorothiazide

Furosemide
Spironolactone

Neonates: 0.05-0.1 mg/kg/dose every 8-24h; titrate up to 0.5 mg/kg/dose

Child: begin 0.1 mg/kg/dose tid, increase to maximum of 6 mg/kg/day

Adolescent: Begin 25 mg bid or tid; increase at 1- to 2-wk intervals to maximum 150 mg tid
0.07 mg/kg/day up to 5 mg/day (maximum: 0.6 mg/kg/day or 40 mg/day)

0.7 mg/kg/day up to 50 mg/day (maximum: 1.4 mg/kg/day or 100 mg/day)
1-1.2 mg/kg/dose in 1-2 doses (maximum: 2 mg/kg/day or 100 mg/day)
Children 6-17 years old: 2.5-5 mg daily (10 mg maximum daily in adults)
5-10 pg/kg/day divided bid to tid, may increase to 5-25 pg/kg/day

<6 months: up to 3.3 mg/kg/24 hr in 2 divided doses (maximum: 37.5 mg/day)
>6 months: 2-2.22 mg/kg/24 hr in 2 divided doses (maximum: 200 mg/day)
1-2 mg/kg/dose PO bid or tid

1-2 mg/kg/dose PO bid; may use with hydrochlorothiazide or furosemide for potassium
sparing

“Monitor electrolytes.

IM, intramuscular; IV, intravenous; PO, orally; PRN, as needed.



Patient with HYPERTENSION
Extensive diagnostic evaluation

(Cont'd from p 87)

/

Identify and treat cause:
Primary:
Essential hypertension
Secondary:

Renal: nephrology, chronic myelonephritic

dysplastic disorders

Vascular: coarctation, renal artery

stenosis, vasculitis

Endocrine metabolic: Cushing syndrome,
hyperthyroidism, pheochromocytoma,

adrenal hyperplasia

Neurologic: increased intracranial pressure

/

Assess therapeutic response

/

Good response

Good response

{

Poor response

Treat:
ACE-inhibitor
or calcium channel blockers

!

Poor response

/

Treat:

Maintenance
therapy

Consider other therapies
depending on cause

Follow-up:
Assess monthly
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Supraventricular Tachycardia
Kelly K. Gajewski, MD, and John H. Reed, MD, MPH

Supraventricular tachycardia (SVT) is the most common
symptomatic dysrhythmia in the pediatric population, with
an estimated incidence between 1 in 250 and 1 in 25,000
children. Approximately half of pediatric patients with
SVT present with their first episode of SVT in the first year
of life, usually before 4 months of age. The heart rate is
usually between 200 and 300 beats/min in infants and be-
tween 180 and 250 beats/min in older children. Greater
than 90% of SVT in the pediatric population is from a re-
entrant rhythm involving the atrioventricular (AV) node or
an accessory pathway. This type is characterized by sudden
onset and offset, and has little or no variation in heart rate.

A.

90

The history should focus on precipitating factors, dura-
tion, severity, associated symptoms, and mode of offset
(abrupt suggesting SVT vs. gradual suggesting an auto-
matic mechanism including sinus tachycardia). Infants
are often asymptomatic, but they may present with
acute irritability, pallor, tachypnea, feeding difficulty, or
even with severe congestive heart failure if the tachy-
cardia has been long-standing. Older children often
describe their “heart beeping.” Adolescents most com-
monly complain of palpitations or chest discomfort, but
isolated SVT does not cause severe chest pain. Presyn-
cope is not unusual, but frank syncope suggests more
significant arrhythmia or heart disease. The symptoms
may start at rest or during activity and typically last for
minutes but can be as brief as a few seconds or as long
as many hours. Identify any conditions predisposing to
arrhythmias such as Wolff-Parkinson—-White syndrome
(WPW), congenital heart disease, infection (myocardi-
tis), fever, or drugs (sympathomimetics, amphetamines).
Though SVT is usually sporadic, it is on rare occasion

familial.

. The physical examination should initially focus on he-

modynamic compromise. The hypotensive, poorly per-
fused child should be treated immediately (see later).
In the more stable patient, look for signs of congenital
heart disease (primarily murmurs) or congestive heart
failure (gallop rhythm, pulmonary rales, hepatomegaly,
edema) (Table 1).

. Any suspected arrhythmia should be evaluated with a

12- or 15-lead electrocardiogram. SVT usually presents
with narrow QRS complexes either without discernible
P waves or with small inverted P waves immediately
after the QRS complexes. There is little beat-to-beat
variability, and the heart rate generally does not change
significantly with stimulation. Although a rapid rhythm
with a wide complex may represent SVT with aberrant
conduction, consider and treat these findings as ven-
tricular tachycardia until proved otherwise.

. Vagal maneuvers are the initial treatment of choice for

the stable patient with SVT. The increase in vagal tone
causes transient AV nodal block, thereby terminating the
reentrant circuit. The most effective technique in infants

Table 1. Degree of lliness in Supraventricular

Tachycardia

Mild Moderate Severe

Asymptomatic
and stable

Symptoms of decreased
cerebral or coronary
artery blood flow or
mild congestive heart
failure

Shock or hypotension

Altered mental status

Moderate to severe
congestive heart
failure

is placing a bag filled with ice slurry over the forehead
and bridge of the nose for up to 30 seconds. Other tech-
niques include passing a nasogastric tube, placing a rectal
thermometer, applying gentle abdominal pressure, or
lifting the feet above the head. Older children and ado-
lescents can be asked to perform a Valsalva maneuver,
cough or clear the throat, or stand on their head (with
careful assistance). Two commonly taught techniques
should be avoided: Application of ocular pressure is con-
traindicated secondary to possible eye trauma, and ca-
rotid massage may interfere with cerebral perfusion.

. Adenosine is the next therapeutic step in the stable pa-

tient. Properly administered, it is extremely effective in
the acute treatment of SVT. Like vagal maneuvers, but
more effectively, it causes transient AV block terminating
any reentrant circuit involving the AV node. Although
adenosine typically will not terminate atrial flutter, atrial
fibrillation, or ventricular tachycardia, the AV node block
caused by adenosine will often help clarify the diagnosis.
The dose is 0.1 to 0.2 mg/kg intravenously with a maxi-
mum of 12 mg. Adenosine has a very short half-life.
Therefore, set up a three-way stopcock and administer a
rapid saline bolus immediately after the adenosine dose.
In addition to routine blood pressure and heart rate
monitoring, a multilead electrocardiographic rhythm
strip should be obtained during adenosine administra-
tion. The clinician should be prepared to treat the (rare)
significant cardiac adverse effects of adenosine. Ventricu-
lar fibrillation is the most important; therefore, a defibril-
lator should be available. More common side effects
include flushing, headache, nausea, vomiting, chest pain,
dyspnea, and dizziness. The most serious noncardiac
adverse effect of adenosine is bronchospasm. In asth-
matic children who receive adenosine, be prepared to
treat immediate and delayed bronchospasm.

. Direct current cardioversion is indicated for the hemo-

dynamically unstable patient with SVT. Initial energy
should be 0.5 J/kg. Energy can be increased up to
2 J/kg, but cardioversion of SVT rarely requires this
much energy and alternate diagnoses should be consid-
ered in this setting. The shock should be synchronized
to the QRS complex to avoid shock on T wave, which



Patient with SUPRAVENTRICULAR TACHYCARDIA

@ History
<— Physical examination
(©) eca—
y

| Assess severity |

{

Mild to moderate

Treat:

@ Vagal maneuvers
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¢ Y
Response Direct current

(tachycardia terminated) @ cardioversion

}
| Severe |

Echocardiogram
Consider labs

>| Assess for underlying cause: [<—
@ Repeat ECG in sinus rhythm

Infant

Older child

!

Presentation
Moderate to severe Mild

Presentation

Y

!

@ Admit to hospital; @
Start antiarrhythmics

(propranolol, digoxin)

Admit to hospital;
Start antiarrhythmics
(propranolol, digoxin, verapamil)

@ Consider antiarrhythmics
(digoxin, propranolol, verapamil)

may induce ventricular fibrillation. If time permits,
run a multilead rhythm strip when performing the
cardioversion.

. After conversion to normal sinus rhythm, obtain an
electrocardiogram and perform studies to attempt to
elucidate a potential cause of the SVT. Look for WPW.
In WPW, there is an antegrade-conducting accessory
AV connection that together with the atrium, AV node,
and ventricle forms the reentrant tachycardia circuit.
On electrocardiogram, WPW is manifest by a short PR
interval and a delta wave that is a slurred initial portion
of the QRS complex. Most patients with SVT have no
associated illness, but if one is suggested by the history
and physical examination, consider obtaining electro-
lytes, complete blood cell count, toxicology screen,
blood gas, or thyroid function tests. Consider creatine
kinase and troponins if myocarditis is suspected. An
echocardiogram can help rule out cardiomyopathy or
associated congenital heart disease.

Discharge home

H. Preventive oral antiarrhythmic therapy should be con-

sidered in infants after an initial episode and older chil-
dren with recurrent or severe symptoms (Table 2). This
should be done in conjunction with pediatric cardiology
consultation. The most common first-line drugs in in-
fants include digoxin and propranolol. In older children,
atenolol is frequently used. Patients with WPW should
not be treated with digoxin because there is a small in-
crease in the risk for sudden cardiac death. Because of
their incompletely developed sarcoplasmic reticulum,
children younger than 1 year should not be treated with
verapamil. In the absence of WPW, infants often do not
have recurrences of their tachycardia after 1 year of age.
Therefore, their medication is often discontinued at
around that time. Patients who are refractory to treat-
ment and those who want to avoid long-term antiar-
rhythmic medications (generally older than 5 years)
should undergo electrophysiologic study and transcath-
eter ablation of their arrhythmogenic substrate.
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Table 2. Drug Therapy for Supraventricular Tachycardia in Children

Drug Dosage

Product Availability

Adenosine

IV rapid push 0.1-0.2 mg/kg followed by immediate flush; if

Solution: 3 mg/ml

no response; double dose and repeat in 1-2 minutes
Adult: 6 mg, then 12 mg IV bolus if no response

Digoxin

2-10 years: 3040 wg/kg/24 hr
>10 years: 10-15 pg/kg/24 hr

Maintenance: infants: 8-10 pg/kg/day

<2 years: 10-12 pg/kg/day
2-10 years: 8-10 pg/kg/day
>10 years 2.5-5 mcg/kg/day

Propranolol 2-4 mg/kg/day PO divided every 6-8h

Verapamil

Digitalization (load): give 1/2 initially and 1/4 every 8h X 2 doses
Premature or newborn: total dose 20-30 wg/kg/24 hr
1 month to 2 years: 30-50 pg/kg/24 hr

Children: PO 4-8 mg/kg/day divided tid
Adults: 240480 mg/day divided tid to qid

Tablets: 0.125, 0.25, 0.5 mg
Liquid: 50 pg/ml PO

Liquid: 4 mg/ml

Tablets: 10, 20, 40, 60, 80 mg
SR capsules: 60, 80, 120, 160 mg
Tablets: 40, 80, 120 mg

SR tablets: 120, 180 mg

IV, intravenous; PO, orally; SR, sustained release.
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Facial Swelling

and Odontogenic Infections
Ulrich Klein, DMD, DDS, MS

Facial swelling in pediatric patients is a common clinical
problem with diverse causative factors and can be grouped
according to its acuity and clinical presentation.

An acute facial swelling with inflammation may have odon-
togenic causes, such as dental caries or trauma, or nonodonto-
genic origins such as lymphadenitis, sinusitis, skin infections,
insect/animal bites, or other puncture wounds. Less frequent
reasons are viral and bacterial salivary gland infections, angjo-
edema, and side effects of long-term steroid therapy. Although
nonprogressive swelling is more indicative of a congenital
anomaly, neoplasms are often the basis of slowly or rapidly
progressive swellings. In one retrospective study on pediatric
patients, odontogenic facial cellulitis accounted for almost
50% of emergency department visits with a diagnosis of facial
infection. In another study, decayed primary maxillary anterior
and posterior teeth were found as the most frequent source
for upper face infections and primary mandibular posterior
teeth for the lower face. From 362 patients reporting to the
emergency department of a large children’s hospital for dental
caries-related emergencies, facial cellulitis accounted for 9%
and 12% of the diagnoses pertaining to primary and perma-
nent teeth, respectively. Unusual dental abscesses can also
arise from developmental abnormalities of the dental hard tis-
sues in the absence of caries.

This chapter describes causative factors, characteristics
and clinical features, as well as pathology and manage-
ment of facial swelling caused by odontogenic infections
(Table 1).

CAUSATIVE FACTORS AND PATHOLOGY

Dental caries, an infectious disease caused mainly by Strep-
tococcus mutans and Lactobacilli, begins as an enamel de-
fect that can progress within a few months into dentin from
where it moves toward the pulp tissue. The ensuing pulpal
hyperemia causes minor intermittent pain that is provoked
by hot, cold, and sweet. If caries that progressed through
enamel into dentin is not excauated and filled with a dental
restoration, acute pulpitis will eventually develop. The pain
associated with this stage is more intense, lingers longer or
does not subside at all, and presents often with a nocturnal
exacerbation. Dental treatment now requires removal of
the infected coronal pulp (pulpotomy) or both the coronal
and radicular pulp (pulpectomy) and subsequent replace-
ment with a root canal filling material or extraction of the
tooth.

If not treated, the infected pulp tissue eventually
becomes necrotic and bacteria will exit through the apical
foramen, resulting in acute periapical periodontitis. As
more inflammatory cells such as granulocytes accumulate
to isolate the infection from the surrounding tissues, a lo-
calized periapical abscess will form at the tooth apex. This
stage is generally characterized by significant pain. If the
host is unable to resolve the infection, the purulent mate-
rial will extravasate through medullary spaces and eventu-
ally perforate through the cortical plate and spread dif-
fusely along the path of least resistance the fascial planes

Table 1. Comparison of Simple vs. Complex Odontogenic Infections

Category Simple

Complex

Medical history WNL

Appearance of patient Stable, “well”
Signs and symptoms

of motion WNL
Vital signs WNL
Laboratory and other tests
Clinical examination

sinus tract with parulis
Treatment options

Social factors
Treatment facility and care providers

Intact, caring social structure

Nutritional status WNL, mandibular range
WNL, panoramic and intraoral radiographs
Localized soft cellulitis or fluctuant swelling,

Root canal therapy or extraction of offending
tooth, I&D; may require oral antibiotics

Dental office; general or pediatric dentist

Complicated medical history, uncontrolled metabolic disease,
immunodeficiency, malignancy

Unstable, ill, lethargic, malaise

Dehydration, dysphagia, trismus, lymphadenopathy

} HR, 4 RR, 1 temperature > 101° F (39° C), weight loss

4+ ESR, 4 leukocytes, + CRP, CT, MRI, sensitivity culture

Diffuse, boardlike cellulitis, involvement of several fascial
spaces

Hospitalization, I&D under IV sedation or general anesthesia;
extraction of offending tooth; IV antibiotics and fluids

Noncompliant patient, suspicion of unreliable home care

Hospital, acute-care facility, emergency department, dental
and medical specialists

CT, computed tomography; ESR, erythrocyte sedimentation rate; HR, heart rate; I&D, incision and drainage; IV, intravenous; MRI, magnetic resonance imaging; RR,

respiratory rate; WNL, within normal limits.
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of the overlying soft tissues. This acute inflammatory pro-
cess is called cellulitis and represents the acute initial
phase of the infection. It can progress rapidly or become
chronic and form an abscess if local host mechanisms are
able to wall off and consolidate the purulent material. In
its early stage, cellulitis feels soft and doughy to palpation,
whereas its advanced and serious form is indurated
(“boardlike”) and painful because of tissue distension. The
site of perforation relative to muscle attachments deter-
mines the fascial space involved and the location of the soft
tissue swelling. The more fascial spaces are involved,
the more serious the facial cellulitis will be. One such
potentially life-threatening complication is Ludwig angina,
a diffuse infection of the submandibular and sublingual
spaces that causes airway compromise. As another path-
way, purulent material from a periapical abscess may pen-
etrate the surface epithelium near the apex of the tooth
and form a fistula. At its intraoral opening, inflamed granu-
lation tissue appears as parulis (“gumboil”) from which
drainage occurs. In this case, the periapical abscess be-
comes asymptomatic because purulent material can no
longer accumulate. The abscess may also drain extraorally
via a cutaneous sinus tract.

This periapical route of inoculating bacteria into the
soft tissue is typical in children, whereas in adults the cause
may also be a deep periodontal pocket. It is important to
note that primary teeth cause infections of the same sever-
ity and system toxicity compared with permanent teeth.
Rare but severe systemic complications of odontogenic

origin are bacterial endocarditis, meningitis, cavernous
sinus thrombosis, abscesses of the orbit or brain, and infec-
tions of the mediastinum or the lungs.

MICROBIOLOGY OF ODONTOGENIC
INFECTIONS

Odontogenic infections are generally polymicrobial and
from endogenous oral flora. They are mixed aerobic/
anaerobic with 60% caused by anaerobic and aerobic bac-
teria, 35% by aerobic bacteria, and 5% by anaerobic bacte-
ria only. Of the aerobic group, Streptococci comprise about
90% and Staphylococci about 5%. In the anaerobic group,
gram-positive cocci and gram-negative rods can be isolated
most frequently among many others. Streptococcus viri-
dans was found in 54% of the aerobic/facultative anaerobic
group, whereas Prevotella spp. were found in 53% of the
anaerobes. Initially, more virulent bacteria such as the
aerobic Streptococcus spp. dominate the infection, but
after local conditions deteriorate for them, anaerobic bac-
teria take over. An increased prevalence of B-lactamase—
producing bacteria among gram-negative anaerobes has
been noted. Before the advent of Haemophilus influenzae
type B (Hib) vaccine, H. influenzae was mainly responsible
for facial cellulitis of unknown origin, whereas thereafter
it has been supplanted by Streptococcus pneumoniae
and Staphylococcus aureus. A blood culture should be
obtained in such cases.
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PATIENT ASSESSMENT AND PHYSICAL
EXAMINATION

A.
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History/Physical Examination: The patient is initially
questioned about the onset, duration, rapidity, and pat-
tern of the progress of the facial infection, and if any
trauma or treatment has occurred earlier. The patient’s
medical history must be evaluated for conditions that
affect host defenses (e.g., uncontrolled metabolic dis-
eases such as diabetes and renal disease), malignancies,
or use of immunosuppressive drugs. In these individuals,
treatment of the infection may require more aggressive
surgery or parenteral antibiotics. The patient should then
be evaluated for symptoms of pain, swelling, hot skin
areas, redness, as well as reduced function such as lim-
ited opening (trismus) and difficulty in swallowing,
breathing, or chewing. Patients with moderate to severe
infections will feel ill and lethargic (malaise), and gener-
ally show an increased heart and respiratory rate and a
temperature greater than 101°F. The patient’s recent
fluid intake and voiding must be assessed. The extraoral
examination should identify any asymmetry in the neck
and face, assess the mandibular range of motion, the
temporomandibular joint, and include palpation of the
bony margins of the facial bones to assure their continu-
ity. Lymphadenopathy is a sign of an infection that has
spread. Intraorally, the mouth must be checked for cari-
ous teeth, unusual tooth mobility, gingival or vestibular
mucosal swellings, ulcers, and fistulas to determine a
specific cause for the infection. Findings from these pre-
vious assessments will determine the type of special test
required to make the final diagnosis.

Further evaluation: Tooth vitality tests, bacterial cul-
tures, fine-needle aspiration cytology, and biopsy
may be ordered as necessary. Radiographic examina-
tion may include intraoral and/or extraoral (pan-
oramic) radiographs, a computed tomography (CT)
scan, or a magnetic resonance image if intracranial
spread is suspected. Abnormal complete blood cell
count (CBC) values such as generalized leukocytosis,
neutrophilia, monocytosis, eosinopenia, and basope-
nia can only be detected when the infection has
reached the stage of acute cellulitis. A white blood
cell shift to the left and an absolute band count
greater than 500 cells/mm?® should be suspicious of
a nondental origin. In addition, mean erythrocyte
sedimentation rate (ESR) values of 30 = 4.5 mm/hr
were observed in a group of 60 children with facial
cellulitis.

. Treatment: The primary treatment of odontogenic in-

fections consists of removal of the cause of the infection
and establishing local surgical drainage. Therapeutic
modalities include root canal treatment for necrotic
teeth, removal of the offending tooth, and incision and
drainage (I&D) of an existing abscess or indurated soft
tissues to release pressure from the area and to provide
oxygen to an anaerobic environment. In situations with
severe, extensive, or systemic infections, compromised
host defenses, and particularly virulent pathogens, anti-
biotics may be a necessary adjunctive therapy to
support the host. Treatment failures can occur if the
surgical and/or antibiotic therapy or the host’s defenses

are inadequate. Hospitalization for surgical treatment
and parenteral antibiotic therapy may be necessary for
the noncompliant patient or when unreliable home care
is suspected. Medical indications include the more
severe infections that are characterized by difficulty
breathing or swallowing, poor oral intake, dehydration,
fever greater than 101° F (39° C), tachycardia and
hypotension, and/or involvement of multiple fascial
spaces.

. Antibiotic therapy: Antibiotic therapy should be re-

served for patients with compromised host defenses
and serious infections that are persistent or systemic in
nature or spreading rapidly. These are generally char-
acterized by fever greater than 101°F, malaise, trismus,
lymphadenopathy, and increased ESR and leukocyte
count. Culturing is advised in immunocompromised
patients or those with a history of bacterial endocarditis
and if empiric therapy has failed. It is also appropriate
in cases of recurrent postoperative infection, when
dental treatment has been completed and the patient
is not responding to the first antibiotic given within
48 hours, or when the infection progresses rapidly or to
other fascial planes. Sampling of anaerobic bacteria is
difficult because they are killed quickly when exposed
to oxygen; therefore, needle aspiration and transfer
with an inert gas is preferred. Empiric therapy can be
used routinely because odontogenic infections are usu-
ally predictable and outcomes favorable. Penicillin is
bactericidal and still considered the gold standard, but
incidence of penicillin resistance is increased. When
patients are allergic to or unresponsive to penicillin
alone, clindamycin or B-lactamase inhibitors such as
amoxicillin clavulanate (Augmentin) or ampicillin/
sulbactam (Unasyn) should be given. Clindamycin and
Unasyn were rated equally effective for treatment for
complicated facial cellulitis of dental origin in children.
Clindamycin was recommended for the more mature
anaerobic infections, for serious intraosseous infec-
tions, and as a first-line antibiotic for all dental infec-
tions because of its unique antimicrobial properties,
which include bacteriostatic activity, achievement of
high tissue and bone concentrations, intracellular pen-
etration, increased phagocytosis, and inhibition of toxin
production. Although antibiotic-associated diarrhea is
common in children, especially after administration
of amoxicillin clavulanate, the incidence of pseudo-
membranous colitis in outpatient use is not greater
for clindamycin as it is for ampicillin, amoxicillin, and
the second- and third-generation cephalosporins. In
a large, nested, case—control study, cephalexin and
cefixime demonstrated an increased association with
Clostridium difficile diarrhea compared with other
antibiotics. When gram-positive organisms are sus-
pected, first-generation cephalosporins may be used
for their broader spectrum activity. Antibiotics should
be prescribed for 5 to 7 days with an additional initial
loading dose and the patient reassessed within
48 hours to ascertain effectiveness of treatment. Cost-
effective generic drugs should be preferred over newer
drugs. Patient compliance is usually greater if the drug
can be taken with food and requires only three daily
doses instead of four.

(Continued on page 98)
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E. Dental Abscesses of Unusual Dental Origin: In the
absence of dental caries, unusual dental abscesses
occur in individuals with developmental anomalies of
the teeth caused by a local aberration of tooth devel-
opment, a general manifestation of systemic condi-
tions, or by acquired conditions. Dens invaginatus
(dens-in-dente) is found in approximately 1% to 2% of
the population and most frequently affects the maxil-
lary permanent lateral incisor. Oral bacteria can enter
the pulp through a deep palatal pit and cause an infec-
tion. In a similar fashion, the pulp becomes exposed
and infected if the fragile tubercle of a dens evagina-
tus (incidence rate about 2% mainly in Asiatic races)
fractures off. Both are local conditions and generally
can be treated by root canal treatment. Systemic con-
ditions include dentin dysplasias, dentinogenesis im-
perfecta, regional odontodysplasia (“ghost teeth”), and
X-linked hypophosphatemia (X-H). All are character-
ized by abnormal formation of the dental hard tissues
resulting in obliterated pulps (dentin dysplasias, den-
tinogenesis imperfecta), abnormally large pulp cham-
bers (regional odontodysplasia, X-H), and dysplastic
and poorly mineralized dentin (X-H). In these
patients, enamel and dentin wear or fracture off easily,
leading to exposed dentinal tubuli through which oral
bacteria can ingress the pulp without difficulty partic-
ularly if the channels are abnormally large (X-H).
In addition, limited vascular supply through pulp
obliteration contributes to pulp necrosis. Treatment
options other than extraction of the affected teeth are
limited mainly because obliterated pulps make root
canal treatment impossible. Prophylactic coverage of
the affected teeth with metal or resin crowns is an-
other therapeutic option to protect defective tooth
structure from chipping off and oral microorganisms
from entering the pulp. Dental abscesses are some-
times the first presenting clinical sign of X-linked
hypophosphatemia when systemic manifestations
are mild. Acquired conditions include pre-eruptive
intracoronal resorption and mandibular infected buc-
cal cyst. In pre-eruptive intracoronal resorption,
resorptive cells stemming from undifferentiated cells
of the developing dental follicle or from the surround-
ing bone enter the tooth through a break in the
enamel surface and resorb its dentin after mineraliza-
tion. When the tooth erupts into the oral cavity, caries
forms in the resorbed cavity and eventually leads
to pulp degeneration and subsequent abscess forma-
tion. However, early recognition of an intracoronal
radiolucency presents the option of immediate resto-
ration after tooth eruption. In mandibular infected
buccal cyst, the infected operculum or pericoronitis
around an erupting tooth, usually mandibular molars,
causes its dental follicle to undergo cystic changes
and displacement of adjacent teeth leading to deep
periodontal pockets, pain, and swelling. The therapy
of choice with a good success rate is curettage
and removal of the cyst with concomitant antibiotic
therapy. A tuberculoid granuloma can present as
a solitary unilateral diffuse swelling with induration
and extraoral sinus tract formation. In a panoramic
radiograph, it generally presents as an ill-defined
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osteolytic lesion, whereas in an intraoral occlusal
radiograph, it shows a typical “onion-peel” appear-
ance. Differential diagnoses include osteomyelitis and
Ewing sarcoma.

SUMMARY

Many acute facial swellings in children are due to odonto-
genic infection. Although most of these can be successfully
treated with elimination of the source of the infection, a
number of them require additional antibiotic therapy, as
well as more extensive surgical treatment and hospitaliza-
tion. Facial swellings of nonodontogenic origin require
interdisciplinary evaluation by various medical specialties.
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Dental Caries

and the Primary Care Provider
Mark G. Koch, DDS, MS

BACKGROUND

Dental caries is the most common chronic disease affecting
children in the United States, and it is mostly preventable.
It is five times more common than asthma and seven times
more common than hay fever. Research indicates that,
although general oral health has been improving over the
past three decades, the prevalence of early childhood caries
has increased in recent years. New epidemiologic studies
indicate 2- to 5-year-old and 6- to 11-year-old children now
have prevalence rates of 28% and 51%, respectively.

The consequences of childhood caries can be multifac-
eted and far ranging. Pain and infection, difficulty with
eating, tooth loss with potential malocclusion, poor weight
gain, expensive and difficult treatment, and predilection
toward adult decay are all potential sequelae of dental
caries. The complications associated with dental caries can
lead to missed school, inability to concentrate, impaired
speech, poor self-esteem, systemic illness, hospitalization
for treatment of infection, and even death.

CARIES PROCESS

Dental caries is directly attributable to the demineraliza-
tion and breakdown of the enamel surface of the tooth. It
is biofilm (plaque)-induced, which, in concert with sub-
strate (fermentable carbohydrate, sucrose) and time, may
induce demineralization. Further progression results in
cavitation and loss of tooth structure.

A child’s oral cavity has little cariogenic potential until it
becomes colonized with the appropriate bacteria. Caregivers
can transmit cariogenic bacteria (principally mutans strepto-
cocci) to infants before the eruption of any teeth. Vertical
transmission of dental caries occurs between the primary
caregiver (usually the mother) and the child. Caries is also
horizontally transmissible via family members, siblings, or
between children in group childcare settings. The bacteria
can be passed via saliva to the infant by blowing on, tasting,
or chewing the infant’s food, sharing of utensils, and even
kissing. The infant is at greatest risk for transmission during
the first 2 years of life. Consequently, reduction of mutans
streptococci in mothers and family members can inhibit or
delay transmission to their infants.

CARIES-RISK ASSESSMENT

The caries process is influenced by multiple factors,
including diet, susceptibility of the host, and oral flora that
interact with social, cultural, and behavioral influences.
The American Academy of Pediatric Dentistry recognizes
that caries-risk assessment is an integral element of
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current clinical pediatric care. Risk assessment enables a
provider to recognize risk factors and to intervene in the
disease process rather than the outcomes of the disease. A
policy statement was adopted and a Caries-risk Assess-
ment Tool (CAT) developed to assess the level of risk for
caries development in infants, children, and adolescents
based on a set of clinical, environmental, and general
health factors. The included caries-risk assessment form
(see Table 1) provides guidance for nondental healthcare
providers in the clinical decision-making process as a
predictor of patients” risk for future disease of young

children.

COLLABORATIVE EFFORTS

In 2003, the Office of the Surgeon General released the
National Call to Action to Promote Oral Health. This release
was in response to the Surgeon General’s 2000 wake-up call
report Oral Health in America, which highlighted the “silent
epidemic of oral diseases.” As a result, collaborative efforts
were initiated between medical and dental professionals,
private industry, private and government agencies, founda-
tions, and universities. All joined the effort to improve the
nation’s overall health through promoting oral health.

The American Academy of Pediatrics cultivates the
concept of a medical home by “well-trained physicians
who provide primary care and help to manage and facili-
tate essentially all aspects of pediatric care.” Likewise,
the American Academy of Pediatric Dentistry encour-
ages physicians to promote the concept of a pediatric
dental home with their patients to develop an ongoing
relationship with a pediatric dentist and to initiate and
maintain dental health habits and keep children free of
oral disease.

ROLE OF THE PRIMARY HEALTHCARE
PROVIDER

A. Medical providers have integral responsibilities in
pediatric oral health. Complete health history, parental
dental history, and social history should be taken. Risk
assessment, oral screening, anticipatory guidance, fluo-
ride varnish application, and referrals to dental profes-
sionals are appropriate services to be provided by
healthcare providers. Children at high risk should be
referred to pediatric dentists by 6 months of age. All
children should receive dental evaluation by 1 year
of age.

An oral health assessment can be easily incorporated
into a well-child visit. It can be performed in approximately



Caries risk assessment using Caries Assessment Tool (CAT)

@ History ————— >
Oral evaluation —>

4
Assume knee to knee examination position

Fully lift upper lip to visualize teeth and soft tissue
Full evaluation using CAT guidelines

Look for: Visible plaque
White/brown spot lesions on teeth
Enamel defects/deep pits
Gingivitis (red, swollen gums)

T

If any present (Cont'd on p 103)

High risk

Apply fluoride varnish
and dental referral

1 minute and does not require a dental chair. An oral health
assessment includes:

* Identification of existing or potential dental problems
Caries risk assessment
Anticipatory guidance to caregivers
Application of fluoride varnish when indicated
Referral to oral health professional as appropriate

EARLY CHILDHOOD ORAL ASSESSMENT

B. Children younger than 3 years can be examined in a

knee-to-knee position. The child is placed in the care-
giver’s lap facing the caregiver. As the examiner, you
and the caregiver should sit facing one another with
knees touching. The child lays back with his or her legs
around the caregiver’s waist so that the child’s head is
in your lap and is secured against your abdomen. The
child’s hands should be held by the caregiver to pre-
vent interfering with the examination process. It is
quite common for the child to cry and struggle during
the examination.

Initiate the evaluation by lifting the upper lip to
fully expose the teeth and soft tissues. A dental mirror
is recommended to facilitate examination of the lingual
sides of the anterior teeth and to visualize the posterior
molars. The provider should evaluate the teeth for

white spot lesions, enamel defects, cavities, restora-
tions, and plaque accumulation on the teeth, according
to CAT guidelines.

Plaque will appear as a sticky film particularly no-
ticeable on the smooth surfaces of the teeth. It is usu-
ally richly colonized with cariogenic bacteria, which
promote demineralization of the enamel. Plaque is
removed with effective oral hygiene (brushing and
flossing). Primary teeth should be brushed at least
twice per day, once in the morning and at bedtime. The
examination is an ideal opportunity to demonstrate and
reinforce proper toothbrushing with the caregiver.

White spot lesions can appear as a chalky white
band along the gumline. This is indicative of initial
demineralization of the enamel and is an early clinical
sign of the caries process. Early intervention and
possible remineralization may be possible through
improved oral hygiene, diet modification, and fluoride
therapy. As the primary care provider, you may apply
fluoride varnish to facilitate the remineralization
process. White spots can lead to frank decay if left
untreated.

As the decay process advances, brown or black
cavitations appear. This represents penetration of the
demineralized enamel. Referral to a dentist, particu-
larly a pediatric dentist, is indicated for evaluation and
restoration.

Advanced decay can lead to total destruction of the
crowns of the maxillary anterior teeth, leaving only
a decayed stump of the root imbedded in the jaw.
Advanced decay can also result in severe pain and in-
fection secondary to the bacterial penetration into the
pulp of the tooth. You may observe dental abscesses in
such circumstances. These may appear as fluctuant
swelling in the vestibular areas of the teeth or as a
pointed area of draining pus (parulis). Immediate den-
tal referral is indicated. If left untreated, abscessed
teeth can progress into facial cellulitis with potential
orbital involvement or submandibular swelling with
airway compromise. Hospital-based care may be re-
quired for treatment.

. Interventions: Physicians, nurses, and other health-

care professionals are more likely to see new mothers
and infants at an early age than dentists. An under-
standing of the dental infectious process and the as-
sociated risk factors of early childhood caries is essen-
tial to make appropriate decisions regarding effective
intervention and appropriate referrals. The ultimate
goal is to help families find a dental home for their
children.

Nondental healthcare professionals can also play
a leading role in dental prevention. Primary care pro-
viders offering first-line assessment have the initial
opportunity to educate caregivers about the relation
between oral bacteria and cariogenic diet, nutrition,
oral hygiene, and the vertical transmission of cario-
genic bacteria from caregiver to infant.
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Table 1. Caries-Risk Assessment Form for 0-3 Year Olds

(For Physicians and Other Nondental Healthcare Providers)

Factors High Risk

Moderate Risk Protective

Biological

Mother/primary caregiver has active cavities Yes

Parent/caregiver has low socioeconomic Yes
status

Child has >3 between meal sugar-containing Yes
snacks or beverages per day

Child is put to bed with a bottle containing Yes
natural or added sugar

Child has special health care needs

Child is a recent immigrant

Protective

Child receives optimally-fluoridated drinking
water or fluoride supplements

Child has teeth brushed daily with
fluoridated toothpaste

Child receives topical fluoride from health
professional

Child has dental home/regular dental care

Clinical Findings

Child has white spot lesions or enamel Yes
defects

Child has visible cavities or fillings Yes

Child has plaque on teeth

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Circling those conditions that apply to a specific patient helps the health care worker and parent understand the factors that contribute to or protect from caries. Risk
assessment categorization of low, moderate, or high based on preponderance of factors for the individual. However, clinical judgment may justify the use of one fac