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Preface

Medicine and technology just don’t stop! The amazing
advancements we hear about as our scientist colleagues further
delineate the pathophysiology and mechanisms of diseases
must eventually be translated to our daily care of patients. Our
goal, as the editors and authors of this textbook, is not only to
provide the classic, foundational knowledge we use every day
but to include these advances in a readable and concise text for
medical students and residents.

This new edition has been updated with the advances that
have occurred since the last edition. We have also incorpo-
rated technology by linking this book to the second edition
of Pediatric Decision Making Strategies by Pomeranz, Busey,
Sabnis, and Kliegman. This will allow you to read about the
medical issues and then follow a link to an algorithm to facilitate
efficient and effective evaluations.

We believe this integration will help you investigate the
common and classic pediatric disorders in a time-honored,
logical format to both acquire knowledge and apply knowledge
to your patients. We have also once again asked our colleagues
who serve as clerkship directors to write many of the sections
so that you can gain the knowledge and skills necessary to
succeed both in caring for patients and in preparing for clerkship
or in-service examinations.

We are honored to be part of the journey of thousands
of learners who rotate through pediatrics as well as those
who will become new providers of pediatric care in the years
to come.

Karen J. Marcdante, MD
Robert M. Kliegman, MD
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Karen J. Marcdante and Benjamin S. Siegel

POPULATION AND
CULTURE: THE CARE
OF CHILDREN IN
SOCIETY

Health care professionals need to appreciate the interactions
between medical conditions and social, economic, and envi-
ronmental influences associated with the provision of pediatric
care. New technologies and treatments help improve morbidity,
mortality, and the quality of life for children and their families,
but the costs may exacerbate disparities in medical care. The
challenge for pediatricians is to deliver care that is socially equi-
table; integrates psychosocial, cultural, and ethical issues into
practice; and ensures that health care is available to all children.

CURRENT CHALLENGES

Many challenges affect children’s health outcomes. These
include access to health care; health disparities; supporting
their social, cognitive, and emotional lives in the context of
families and communities; and addressing environmental fac-
tors, especially poverty. Early experiences and environmental
stresses interact with the genetic predisposition of every child
and, ultimately, may lead to the development of diseases seen
in adulthood. Thus, pediatricians have the unique opportunity
to address not only acute and chronic illnesses but also the
aforementioned issues and toxic stressors to promote wellness
and health maintenance in children.

Many scientific advances have an impact on the growing
role of pediatricians. Incorporating the use of newer genetic
technologies allows the diagnosis of diseases at the molecu-
lar level, aids in the selection of medications and therapies,
and provides information on the prognosis of some diseases.
Prenatal diagnosis and newborn screening improve the accu-
racy of early diagnosis of a variety of conditions, allowing for
earlier treatment even when a cure is impossible. Functional
magnetic resonance imaging allows a greater understanding
of psychiatric and neurologic problems, such as dyslexia and
attention-deficit/hyperactivity disorder.

Challenges persist with the incidence and prevalence of
chronic illness having increased in recent decades. Chronic

illness is now the most common reason for hospital admis-
sions among children (excluding trauma and newborn admis-
sions). From middle school and beyond, mental illness is the
main non-childbirth-related reason for hospitalization among
children. Pediatricians must also address the increasing con-
cern about environmental toxins and the prevalence of physi-
cal, emotional, and sexual abuse, as well as violence. Since the
September 11, 2001, destruction of the World Trade Center
in New York City, fear of terrorism in the United States has
increased the level of anxiety for many families and children.

To address these ongoing challenges, pediatricians must
practice as part of a health care team. Many pediatricians
already practice collaboratively with psychiatrists, psychol-
ogists, nurses, and social workers. Team composition can
change, depending on location and patient needs. Although
school health and school-based health clinics have improved
access and outcomes for many common childhood and ado-
lescent conditions, the shortage of available general pedia-
tricians and family physicians has led to the development of
retail medical facilities in pharmacies and retail stores.

Childhood antecedents of adult health conditions, such as
alcoholism, depression, obesity, hypertension, and hyperlip-
idemias, are increasingly being recognized. Maternal health
status can affect the fetus. Infants who are a smaller size and
relatively underweight at birth because of maternal malnu-
trition have increased rates of coronary heart disease, stroke,
type 2 diabetes mellitus, obesity, metabolic syndrome, and
osteoporosis in later life. Because of improved neonatal care,
a greater percentage of preterm, low birth weight, or very low
birth weight newborns survive, increasing the number of
children with chronic medical conditions and developmental
delays with lifelong implications.

LANDSCAPE OF HEALTH CARE FOR

CHILDREN IN THE UNITED STATES

Complex health, economic, and psychosocial challenges greatly

influence the well-being and health outcomes of children.

National reports from the Centers for Disease Control and

Prevention (CDC) (e.g., http://www.cdc.gov/nchs/data/hus/

hus11.pdf#102) provide information about many of these issues.

Some of the key issues include the following:

+ Health insurance coverage. In 2010 over eight million
children in the United States had no health insurance
coverage. In addition, 10 to 20 million were underinsured.
Many children, despite public sector insurance, do
not receive recommended immunizations. Although
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Medicaid and the State Children’s Health Insurance
Program covered more than 42 million children in 2010
who otherwise would not have health care access, over

a million U.S. children are unable to get needed medical
care because their families cannot afford it.

Prenatal and perinatal care. Ten to 25% of women do not
receive prenatal care during the first trimester. In addition,
a significant percentage of women continue to smoke, use
illicit drugs, and consume alcohol during pregnancy.
Preterm births. The incidence of preterm births (<37
weeks) peaked in 2006 and has been slowly declining
(11.99% in 2010). However, the 2010 rates of low birth
weight infants (<2500 g [8.15% of all births]) and very
low birth weight infants (<1500 g [1.45% of all births]) are
essentially unchanged since 2006.

Birth rate in adolescents. The national birth rate among
adolescents has been steadily dropping since 1990,
reaching its lowest rate (34.2 per 1000) for 15- to 19-year-
old adolescents in 2010.

Adolescent abortions. In 2009 nearly 800,000 abortions
were reported to the CDC, a continued decline over

the last decade. Adolescents from 15 to 19 years of age
accounted for 15.5% of abortions. Approximately 60%

of sexually active adolescents report using effective
contraception.

Infant mortality. Although infant mortality rates have
declined since 1960, the disparity among the ethnic
groups persists. In 2011 the overall infant mortality rate
was 6.05 per 1000 live births with a rate per 1000 live
births of 5.05 for non-Hispanic whites, 5.27 for Hispanic
infants, and 11.42 for black infants. In 2008 the United
States ranked thirty-first in infant mortality. Marked
variations in infant mortality exist by state with highest
mortality rates in the South and Midwest.

Initiation and maintenance of breastfeeding. Seventy-
seven percent of women initiate breastfeeding following
the birth of their infants. Breastfeeding rates vary by
ethnicity (higher rates in non-Hispanic whites and
Hispanic mothers) and education (highest in women
with a bachelor’s degree or higher). Only 47% of women
continue breastfeeding for 6 months, with about 25%
continuing at 12 months.

Cause of death in U.S. children. The overall causes of
death in all children (1 to 24 years of age) in the United
States in 2010, in order of frequency, were accidents
(unintentional injuries), assaults (homicide), suicide,
malignant neoplasms, and congenital malformations
(Table 1-1). There was a slight improvement in the rate of
death from all causes.

Hospital admissions for children and adolescents. In
2010 2.4% of children were admitted to a hospital at least
once. Respiratory illnesses (asthma, pneumonia, and
bronchitis/bronchiolitis) and injury are the causes of over
28% of hospitalization in children under 18 years of age.
Mental illness is the most common cause of admissions
for children 13 to 17 years of age.

Significant adolescent health challenges: substance

use and abuse. There is considerable substance use and
abuse in U.S. high school students. Forty-six percent of
high school students reported having tried cigarettes in
2009. In 2011 nearly 71% of high school students reported
having had at least one drink; 21.9% admitted to more

15-24

Table 1-1 | Causes of Death by Age in the United
States, 2005

AGE GROUP CAUSES OF DEATH IN ORDER
(YR) OF FREQUENCY
14 Unintentional injuries (accidents)

Congenital malformations, deformations, and
chromosomal abnormalities

Homicide

Malignant neoplasms

Diseases of the heart

5-14 Unintentional injuries (accidents)

Malignant neoplasms

Congenital malformations, deformations, and
chromosomal abnormalities

Homicide

Diseases of the heart

Unintentional injuries (accidents)
Homicide

Suicide

Malignant neoplasms

Diseases of the heart

From Centers for Disease Control and Prevention: Health, United States,

2011: With special feature on socioeconomic status and health (website).
http://www.cdc.gov/nchs/data/hus/hus11.pdf#102.

than five drinks on one day in the previous month, and
8.2% admitted to driving after drinking. Nearly 40%

of high school students have tried marijuana; 11.4%,
inhalants; 6.8%, cocaine; 3.8 %, methamphetamine; 2.9%,
heroin; and 2%, injectables.

Children in foster care. Currently there are about 400,000
children in the foster care system. Approximately 25,000
of these children must leave the child welfare system
each year. Of those who leave, 25% to 50% experience
homelessness and/or joblessness and will not graduate
from high school. These children have a high incidence
of mental health problems, substance abuse, and early
pregnancy for females with an increased likelihood of
having a low birth weight baby.

OTHER HEALTH ISSUES THAT AFFECT
CHILDREN IN THE UNITED STATES

 Obesity. The prevalence of obesity continues to increase.

The prevalence of overweight children 6 to 19 years of age
has increased more than fourfold from 4% in 1965 to over
18% in 2010. Currently it is estimated that 32% of children
2 to 19 years of age are overweight or obese. An estimated
300,000 deaths a year and at least $147 billion in health
care costs are associated with the 68% of Americans who
are overweight or obese.

Sedentary lifestyle. Among 6 to 11 year olds, 62% do

not engage in recommended amounts of moderate or
vigorous physical activity. Nearly 40% spend more than

2 hours of screen time (television/videos) per school day.
Motor vehicle accidents and injuries. In 2009, 1314
children 14 years of age or younger died in motor

vehicle crashes, and 179,000 were injured. Other causes

of childhood injury included drowning, child abuse,

and poisonings. The estimated cost of all unintentional
childhood injuries is nearly $300 billion per year in the
United States.
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o Child maltreatment. Although there has been a slow
decline in the prevalence of child maltreatment, there
were over 760,000 reported cases of abuse in 2009. The
majority (71%) of children were neglected; 16% suffered
physical abuse, and nearly 9% were victims of sexual
abuse.

+ Current social and economic stress on the U.S.
population. There are considerable societal stresses
affecting the physical and mental health of children,
including rising unemployment associated with the
economic slowdown, financial turmoil, and political
unrest. Millions of families have lost their homes or are at
risk for losing their homes after defaulting on mortgage
payments.

« Toxic stress in childhood leading to adult health
challenges. The growing understanding of the
interrelationship between biologic and developmental
stresses, environmental exposure, and the genetic
potential of patients is helping us recognize the adverse
impact of toxic stressors on health and well-being.
Pediatricians must screen for and act upon factors that
promote or hinder early development to provide the best
opportunity for long-term health.

« Military deployment and children. Current armed
conflicts and political unrest have affected millions
of adults and their children. There are an estimated
1.5 million active duty and National Guard/Reserve
servicemen and women, parents to over a million
children. An estimated 31% of troops returning
from armed conflicts have a mental health condition
(alcoholism, depression, and posttraumatic stress
disorder) or report having experienced a traumatic brain
injury. Their children are affected by these morbidities
as well as by the psychological impact of deployment on
children of all ages. Child maltreatment is more prevalent
in families of U.S.-enlisted soldiers during combat
deployment than in nondeployed soldiers.

HEALTH DISPARITIES IN HEALTH CARE
FOR CHILDREN
Health disparities are the differences that remain after taking
into account patients’ needs, preferences, and the availability of
health care. Social conditions, social inequity, discrimination,
social stress, language barriers, and poverty are antecedents to
and associated causes of health disparities. The disparities in
infant mortality relate to poor access to prenatal care during
pregnancy and the lack of access and appropriate heath ser-
vices for women, such as preventive services, family planning,
and appropriate nutrition and health care, throughout their
life span.

« Infant mortality increases as the mother’s level of
education decreases.

o Children from poor families are less likely to be
immunized at 4 years of age and less likely to receive
dental care.

« Rates of hospital admission are higher for people who live
in low-income areas.

o Children of ethnic minorities and children from poor
families are less likely to have physician office or hospital
outpatient visits and more likely to have hospital
emergency department visits.

o Children with Medicaid/public coverage are less likely to
be in excellent health than children with private health
insurance.

o Access to care for children is easier for whites and for
children of higher income families than for minority and
low-income families.

CHANGING MORBIDITY: THE SOCIAL/
EMOTIONAL ASPECTS OF PEDIATRIC
PRACTICE

+ Changing morbidity reflects the relationship among
environmental, social, emotional, and developmental
issues; child health status; and outcome. These
observations are based on significant interactions of
biopsychosocial influences on health and illness, such
as school problems, learning disabilities, and attention
problems; child and adolescent mood and anxiety
disorders; adolescent suicide and homicide; firearms
in the home; school violence; effects of media violence,
obesity, and sexual activity; and substance use and abuse
by adolescents.

o Currently 20% to 25% of children are estimated to have
some mental health problems; 5% to 6% of these problems
are severe. Unfortunately it is estimated that pediatricians
identify only 50% of mental health problems. The overall
prevalence of psychosocial dysfunction of preschool
and school-age children is 10% and 13%, respectively.
Children from poor families are twice as likely to have
psychosocial problems than children from higher income
families. Nationwide, there is a lack of adequate mental
health services for children.

Important influences on children’s health, in addition to
poverty, include homelessness, single-parent families, parental
divorce, domestic violence, both parents working, and inade-
quate child care. Related pediatric challenges include improv-
ing the quality of health care, social justice, equality in health
care access, and improving the public health system. For ado-
lescents, there are special concerns about sexuality, sexual
orientation, pregnancy, substance use and abuse, violence,
depression, and suicide.

CULTURE

Culture is an active, dynamic, and complex process of the way
people interact and behave in the world. Culture encompasses
the concepts, beliefs, values (including nurturing of children),
and standards of behavior, language, and dress attributable
to people that give order to their experiences in the world,
offer sense and purpose to their interactions with others, and
provide meaning for their lives. The growing diversity of the
United States requires that health care workers make an attempt
to understand the impact of health, illness, and treatment on
the patient and family from their perspective. This requires
open-ended questions, such as: “What worries (concerns) you
the most about your child’s illness?” and “What do you think
has caused your child’s illness?” These can facilitate a discus-
sion of parents’ thoughts and feelings about the illness and its
causes. Addressing concepts and beliefs about how one inter-
acts with health professionals as well as the family’s spiritual
and religious approach to health and health care from a cul-
tural perspective allows the pediatrician, patient, and family to
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incorporate differences in perspectives, values, or beliefs into
the care plan. Significant conflicts may arise because religious
or cultural practices may lead to the possibility of child abuse
and neglect. In this circumstance, the pediatrician is required
by law to report the suspected child abuse and neglect to the
appropriate social service authorities (see Chapter 22).
Complementary and alternative medicine (CAM) practices
constitute a part of the broad cultural perspective. Therapeu-
tic modalities for CAM include biochemical, lifestyle, biome-
chanical, and bioenergetic treatments, as well as homeopathy.
It is estimated that 20% to 30% of all children and 50% to 75%
of adolescents use CAM. Of children with chronic illness, 30%
to 70% use CAM therapies, especially for asthma and cystic
fibrosis. Only 30% to 60% of children and families tell their
physicians about their use of CAM. Some modalities may be
effective, whereas others may be ineffective or even dangerous.

PROFESSIONALISM

CONCEPT OF PROFESSIONALISM

Society provides a profession with economic, political, and
social rewards. Professions have specialized knowledge and
the potential to maintain a monopoly on power and control,
remaining relatively autonomous. The profession’s autonomy
can be limited by societal needs. A profession exists as long as
it fulfills its responsibilities for the social good.

Today the activities of medical professionals are subject to
explicit public rules of accountability. Governmental and other
authorities grant limited autonomy to the professional orga-
nizations and their membership. City and municipal govern-
ment departments of public health establish and implement
health standards and regulations. At the state level, boards of
registration in medicine establish the criteria for obtaining and
revoking medical licenses. The federal government regulates
the standards of services, including Medicare, Medicaid, and
the Food and Drug Administration. The Department of Health
and Human Services regulates physician behavior in conduct-
ing research with the goal of protecting human subjects. The
Health Care Quality Improvement Act of 1986 authorized the
federal government to establish the National Practitioner Data
Bank, which contains information about physicians (and other
health care practitioners) who have been disciplined by a state
licensing board, professional society, hospital, or health plan
or named in medical malpractice judgments or settlements.
Hospitals are required to review information in this data bank
every 2 years as part of clinician recredentialing. There are
accrediting agencies for medical schools, such as the Liaison
Committee on Medical Education (LCME), and postgraduate
training, such as the Accreditation Council for Graduate Med-
ical Education (ACGME). The ACGME includes committees
that review subspecialty training programs.

Historically the most privileged professions have depended
on their legitimacy for serving the public interest. The public
trust of physicians is based on the physician’s commitment to
altruism. Many medical schools include variations on the tra-
ditional Hippocratic Oath as part of the commencement cer-
emonies as a recognition of a physician’s responsibility to put
the interest of others ahead of self-interest.

The core of professionalism is embedded in the daily healing
work of the physician and encompassed in the patient-physician
relationship. Professionalism includes an appreciation for the
cultural and religious/spiritual health beliefs of the patient,
incorporating the ethical and moral values of the profession and
the moral values of the patient. Unfortunately, the inappropriate
actions of a few practicing physicians, physician investigators,
and physicians in positions of power in the corporate world
have created a societal demand to punish those involved and
have led to the erosion of respect for the medical profession.

The American Academy of Pediatrics (AAP), the American
Board of Pediatrics (ABP), the American Board of Internal
Medicine, the LCME, the Medical School Objectives Project
of the Association of American Medical Colleges, and the
ACGME Outcome Project have called for increasing attention
to professionalism in the practice of medicine and in the edu-
cation of physicians.

PROFESSIONALISM FOR PEDIATRICIANS

The ABP adopted professional standards in 2000, and the AAP

updated the policy statement and technical report on Profes-

sionalism in 2007, as follows:

» Honesty/integrity is the consistent regard for the highest
standards of behavior and the refusal to violate one’s
personal and professional codes. Maintaining integrity
requires awareness of situations that may result in conflict
of interest or that may result in personal gain at the
expense of the best interest of the patient.

« Reliability/responsibility includes accountability to
one’s patients and their families, to society to ensure that
the public’s needs are addressed, and to the profession to
ensure that the ethical precepts of practice are upheld.
Inherent in this responsibility is reliability in completing
assigned duties or fulfilling commitments. There also
must be a willingness to accept responsibility for errors.

» Respect for others is the essence of humanism. The
pediatrician must treat all persons with respect and
regard for their individual worth and dignity; be aware of
emotional, personal, family, and cultural influences on a
patient’s well being, rights, and choices of medical care;
and respect appropriate patient confidentiality.

« Compassion/empathy is a crucial component of
medical practice. The pediatrician must listen attentively,
respond humanely to the concerns of patients and family
members, and provide appropriate empathy for and relief
of pain, discomfort, and anxiety as part of daily practice.

 Self-improvement is the pursuit of and commitment
to providing the highest quality of health care through
lifelong learning and education. The pediatrician must
seek to learn from errors and aspire to excellence through
self-evaluation and acceptance of the critiques of others.

« Self-awareness/knowledge of limits includes recognition
of the need for guidance and supervision when faced
with new or complex responsibilities. The pediatrician
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also must be insightful regarding the impact of his or
her behavior on others and cognizant of appropriate
professional boundaries.

» Communication/collaboration is crucial to providing
the best care for patients. Pediatricians must work
cooperatively and communicate effectively with patients
and their families and with all health care providers
involved in the care of their patients.

« Altruism/advocacy refers to unselfish regard for and
devotion to the welfare of others. It is a key element of
professionalism. Self-interest or the interests of other
parties should not interfere with the care of one’s patients
and their families.

ETHICS AND LEGAL
ISSUES

ETHICS IN HEALTH CARE

The ethics of health care and medical decision making relies
on values to determine what kinds of decisions are best or
appropriate for all. Sometimes ethical decision making in
medical care is a matter of choosing the least harmful option
among many adverse alternatives. In the day-to-day practice
of medicine, although all clinical encounters may have an eth-
ical component, major ethical challenges are infrequent.

The legal system defines the minimal standards of behav-
ior required of physicians and the rest of society through the
legislative, regulatory, and judicial systems. Laws exist to pro-
vide for social order and adjudicate disputes, not to address
ethical concerns. The laws support the principle of confiden-
tiality for teenagers who are competent to decide about such
issues. Using the concept of limited confidentiality, parents,
teenagers, and the pediatrician may all agree to openly dis-
cuss serious health challenges, such as suicidal ideation and
pregnancy. This reinforces the long-term goal of supporting
the autonomy and identity of the teenager while encouraging
appropriate conversations with parents.

Ethical problems derive from value differences among
patients, families, and clinicians about choices and options in
the provision of health care. Resolving these value differences
involves several important ethical principles. Autonomy,
which is based on the principle of respect for persons, means
that competent adult patients can make choices about health
care that they perceive to be in their best interests, after being
appropriately informed about their particular health condition
and the risks and benefits of alternatives of diagnostic tests and
treatments. Paternalism challenges the principle of auton-
omy and involves the clinician deciding what is best for the
patient, based on how much information is provided. Pater-
nalism, under certain circumstances (e.g., when a patient has
a life-threatening medical condition or a significant psychiat-
ric disorder and is threatening self or others), may be more

appropriate than autonomy. Weighing the values of autonomy
and paternalism can challenge the clinician.

Other important ethical principles are those of benefi-
cence (doing good), nonmaleficence (doing no harm or as
little harm as possible), and justice (the values involved in the
equality of the distribution of goods, services, benefits, and
burdens to the individual, family, or society). End-of-life deci-
sion making must address quality of life and suffering in the
provision of palliative and hospice care (see Chapter 4).

ETHICAL PRINCIPLES RELATED TO
INFANTS, CHILDREN, AND ADOLESCENTS
Children vary from being totally dependent on parents or
guardians to meet their health care needs to being more inde-
pendent. Infants and young children do not have the capac-
ity for making medical decisions. Paternalism by parents and
pediatricians in these circumstances is appropriate. Adoles-
cents (<18 years of age), if competent, have the legal right to
make medical decisions for themselves. Children 8 to 9 years
old can understand how the body works and the meaning of
certain procedures; by age 14 to 15, young adolescents may
be considered autonomous through the process of being des-
ignated a mature or emancipated minor or by having certain
medical conditions. It is ethical for pediatricians to involve
children in the decision-making process with information
appropriate to their capacity to understand. The process of
obtaining the assent of a child is consistent with this goal.
The principle of shared decision making is appropriate, but
the process may be limited because of issues of confidential-
ity in the provision of medical care. A parent’s concern about
the side effects of immunization raises a conflict between the
need to protect and support the health of the individual and
the public with the rights of the individual and involves ethical
issues of distributive justice in regard to the costs and distri-
bution of the vaccinations and responsibility for side effects.

LEGAL ISSUES

All competent patients of an age defined legally by each state

(usually =18 years of age) are considered autonomous with

regard to their health decisions. To have the capacity to decide,

patients must meet the following requirements:

o Understand the nature of the medical interventions and
procedures, understand the risks and benefits of these
interventions, and be able to communicate their decision.

+ Reason, deliberate, and weigh the risks and benefits using
their understanding about the implications of the decision
on their own welfare.

» Apply a set of personal values to the decision-making
process and show an awareness of the possible conflicts or
differences in values as applied to the decisions to be made.

These requirements need to be placed within the context of
medical care and applied to each case with its unique character-
istics. Most young children are not able to meet the requirements
for competency and need others, usually the parent, to make
decisions for them. Legally parents are given great discretion in

making decisions for their children. This discretion is legally lim-

ited when there is child abuse and neglect, which triggers a fur-

ther legal process in determining the best interests of the child.

It is important to become familiar with state law because
state law, not federal law, determines when an adolescent can
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consent to medical care and when parents may access confi-
dential adolescent medical information. The Health Insur-
ance Portability and Accountability Act (HIPAA) of 1996,
which became effective in 2003, requires a minimal standard
of confidentiality protection. The law confers less confidenti-
ality protection to minors than to adults. It is the pediatrician’s
responsibility to inform minors of their confidentiality rights
and help them exercise these rights under the HIPAA regula-
tions.

Under special circumstances, nonautonomous adolescents
are granted the legal right to consent under state law when
they are considered mature or emancipated minors or because
of certain public health considerations, as follows:

» Mature minors. Some states have legally recognized that
many adolescents age 14 and older can meet the cognitive
criteria and emotional maturity for competence and may
decide independently. The Supreme Court has decided
that pregnant, mature minors have the constitutional
right to make decisions about abortion without parental
consent. Although many state legislatures require parental
notification, pregnant adolescents wishing to have an
abortion do not have to seek parental consent. The
state must provide a judicial procedure to facilitate this
decision making for adolescents.

« Emancipated minors. Children who are legally
emancipated from parental control may seek medical
treatment without parental consent. The definition
varies from state to state but generally includes children
who have graduated from high school, are members
of the armed forces, married, pregnant, runaways, are
parents, live apart from their parents, and are financially
independent or declared emancipated by a court.

« Interests of the state (public health). State legislatures
have concluded that minors with certain medical
conditions, such as sexually transmitted infections
and other contagious diseases, pregnancy (including
prevention with the use of birth control), certain mental
illnesses, and drug and alcohol abuse, may seek treatment
for these conditions autonomously. States have an interest
in limiting the spread of disease that may endanger the
public health and in eliminating barriers to access for the
treatment of certain conditions.

ETHICAL ISSUES IN PRACTICE

From an ethical perspective, clinicians should engage chil-
dren and adolescents, based on their developmental capacity,
in discussions about medical plans so that they have a good
understanding of the nature of the treatments and alternatives,
the side effects, and expected outcomes. There should be an
assessment of the patient’s understanding of the clinical situ-
ation, how the patient is responding, and the factors that may
influence the patient’s decisions. Pediatricians should always
listen to and appreciate patients’ requests for confidentiality
and their hopes and wishes. The ultimate goal is to help nour-
ish children’s capacity to become as autonomous as is appro-
priate to their developmental stage.

Confidentiality
Confidentiality is crucial to the provision of medical
care and is an important part of the basis for a trusting

patient-family-physician relationship. Confidentiality means
that information about a patient should not be shared without
consent. If confidentiality is broken, patients may experience
great harm and may not seek needed medical care. See Chapter
67 for a discussion of confidentiality in the care of adolescents.

Ethical Issues in Genetic Testing

and Screening in Children

The goal of screening is to identify diseases when there is no
clinically identifiable risk factor for disease. Screening should
take place only when there is a treatment available or when a
diagnosis would benefit the child. Testing usually is performed
when there is some clinically identifiable risk factor. Genetic
testing and screening present special problems because test
results have important implications. Some genetic screen-
ing (sickle cell anemia or cystic fibrosis) may reveal a carrier
state, which may lead to choices about reproduction or create
financial, psychosocial, and interpersonal problems (e.g., guilt,
shame, social stigma, and discrimination in insurance and
jobs). Collaboration with, or referral to, a clinical geneticist
is appropriate in helping the family with the complex issues
of genetic counseling when a genetic disorder is detected or
likely to be detected.

Newborn screening should not be used as a surrogate for
parental testing. Examples of diseases that can be diagnosed
by genetic screening, even though the manifestations of the
disease process do not appear until later in life, are polycystic
kidney disease; Huntington disease; certain cancers, such as
breast cancer in some ethnic populations; and hemochroma-
tosis. Parents may pressure the pediatrician to order genetic
tests when the child is still young, for the parents’ purposes.
Testing for these disorders should be delayed until the child
has the capacity for informed consent or assent and is com-
petent to make decisions, unless there is a direct benefit to the
child at the time of testing.

Religious Issues and Ethics

The pediatrician is required to act in the best interests of the
child, even when religious tenets may interfere with the health
and well-being of the child. When an infant or child whose
parents have a religious prohibition against a blood trans-
fusion needs a transfusion to save his or her life, the courts
always have intervened to allow a transfusion. In contrast, par-
ents with strong religious beliefs under some state laws may
refuse immunizations for their children. However, state gov-
ernments can mandate immunizations for all children during
disease outbreaks or epidemics. By requiring immunization of
all, including individuals who object on religious grounds, the
state government is using the principle of distributive justice,
which states that all members of society must share in the bur-
dens and the benefits to have a just society.

Children as Human Subjects in Research

The goal of research is to develop new and generalized knowl-
edge. Parents may give informed permission for children to
participate in research under certain conditions. Children
cannot give consent but may assent or dissent to research pro-
tocols. Special federal regulations have been developed to pro-
tect child and adolescent participants in human investigation.
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These regulations provide additional safeguards beyond the
safeguards provided for adult participants in research, while
still providing the opportunity for children to benefit from the
scientific advances of research.

Many parents with seriously ill children hope that the
research protocol will have a direct benefit for their particu-
lar child. The greatest challenge for researchers is to be clear
with parents that research is not treatment. This fact should be
addressed as sensitively and compassionately as possible.

PALLIATIVE CARE AND
END-OF-LIFE ISSUES

The death of a child is one of life’s most difficult experiences.
The palliative care approach to a child’s medical care should
be instituted when medical diagnosis, intervention, and treat-
ment cannot reasonably be expected to affect the imminence
of death. In these circumstances, the goals of care focus on
improving the quality of life, maintaining dignity, and ame-
liorating the suffering of the seriously ill child. Central to this
approach is the willingness of clinicians to look beyond the
traditional medical goals of curing disease and preserving
life. They need to look toward enhancing the life of the child
and working with family members and close friends when the
child’s needs are no longer met by curative goals. High-quality
palliative care is an expected standard at the end of life.

Palliative care in pediatrics is not simply end-of-life care.
There are conditions where death is not predictably imminent,
and a child’s needs are best met by the palliative care approach.
Children needing palliative care have been described as having
conditions that fall into four basic groups, based on the goal of
treatment. These include conditions of the following scenarios:
o A cure is possible, but failure is not uncommon (e.g.,

cancer with a poor prognosis).

+ Long-term treatment is provided with a goal of
maintaining quality of life (e.g., cystic fibrosis).

o Treatment that is exclusively palliative after the diagnosis
of a progressive condition is made (e.g., trisomy 13
syndrome).

 Treatments are available for severe, nonprogressive
disability in patients who are vulnerable to health
complications (e.g., severe spastic quadriparesis with
difficulty in controlling symptoms).

These conditions present different timelines and different
models of medical intervention. Yet they all share the need
to attend to concrete elements, which affect the quality of a
child’s death, mediated by medical, psychosocial, cultural, and
spiritual concerns.

The sudden death of a child also requires elements of the
palliative care approach, although conditions do not allow
for the full spectrum of involvement. Many of these deaths
involve emergency medicine caregivers and first responders
in the field, and they may involve dramatic situations where

no relationship may exist between caregivers and the bereaved
family. Families who have not had time to prepare for the
tragedy of an unexpected death require considerable support.
Palliative care can make important contributions to the end-
of-life and bereavement issues that families face in these cir-
cumstances. This may become complicated in circumstances
where the cause of the death must be fully explored. The need
to investigate the possibility of child abuse or neglect subjects
the family to intense scrutiny and may create guilt and anger
directed at the medical team.

PALLIATIVE AND END-OF-LIFE CARE

Palliative treatment is directed toward the relief of symptoms

as well as assistance with anticipated adaptations that may

cause distress and diminish the quality of life of the dying child.

Elements of palliative care include pain management; exper-

tise with feeding and nutritional issues at the end of life; and

management of symptoms, such as minimizing nausea and
vomiting, bowel obstruction, labored breathing, and fatigue.

Psychological elements of palliative care have a profound impor-

tance and include sensitivity to bereavement, a developmental

perspective of a child’s understanding of death, clarification of
the goals of care, and ethical issues. Curative care and palliative
care can coexist; aggressive pain medication may be provided
while curative treatment is continued in the hopes of a remis-

sion or improved health status. Palliative care is delivered with a

multidisciplinary approach, giving a broad range of expertise to

patients and families as well as providing a supportive network
for the caregivers. Caregivers involved may be pediatricians,
nurses, mental health professionals, social workers, and pastors.

A model of integrated palliative care rests on the following
principles:

o Article I. Respect for the dignity of patients and
families. The clinician should respect and listen to patient
and family goals, preferences, and choices. School-age
children can articulate preferences about how they wish
to be treated. Adolescents, by the age of 14, can engage
in decision making (see Section 12). The pediatrician
should assist the patient and the family in understanding
the diagnosis, treatment options, and prognosis; help
clarify the goals of care; promote informed choices; allow
for the free flow of information; and listen to and discuss
the social-emotional concerns. Advanced care (advance
directives) should be instituted with the child and parents,
allowing discussions about what they would like as
treatment options as the end of life nears. Differences of
opinion between the family and the pediatrician should
be addressed by identifying the multiple perspectives,
reflecting on possible conflicts, and altruistically coming
to agreements that validate the patient and family
perspectives, yet reflect sound practice. Hospital ethics
committees and consultation services are important
resources for the pediatrician and family members.

o Article II. Access to comprehensive and compassionate
palliative care. The clinician should address the physical
symptoms, comfort, and functional capacity, with special
attention to pain and other symptoms associated with the
dying process, and respond empathically to the psychological
distress and human suffering, providing treatment options.
Respite should be available at any time during the illness to
allow the family caregivers to rest and renew.
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o Article III. Use of interdisciplinary resources. Because
of the complexity of care, no one clinician can provide all
of the needed services. The team members may include
primary and subspecialty physicians, nurses in the
hospital/facility or for home visits, the pain management
team, psychologists, social workers, pastoral ministers,
schoolteachers, friends of the family, and peers of the
child. The child and family should be in a position to
decide who should know what during all phases of the
illness process.

o Article IV. Acknowledgment and support provisions
for caregivers. The death of a child is difficult to accept
and understand. The primary caregivers of the child,
family, and friends need opportunities to address their
own emotional concerns. Siblings of the child who is
dying react emotionally and cognitively, based on their
developmental level. Team meetings to address thoughts
and feelings of team members are crucial. Soon after
the death of the child, the care team should review
the experience with the parents and family and share
their reactions and feelings. Institutional support may
include time to attend funerals, counseling for the staff,
opportunities for families to return to the hospital, and
scheduled ceremonies to commemorate the death of the
child.

o Article V. Commitment to quality improvement
of palliative care through research and education.
Hospitals should develop support systems and staft to
monitor the quality of care continually, assess the need
for appropriate resources, and evaluate the responses
of the patient and family members to the treatment
program. Issues often arise over less than completely
successful attempts to control the dying child’s symptoms
or differences between physicians and family members
in the timing of the realization that death is imminent.
Consensus results in better palliative care from the
medical and psychosocial perspective.

Hospice care is a treatment program for the end of life,
providing the range of palliative care services by an interdisci-
plinary team, including specialists in the bereavement and
end-of-life process. Typically, the hospice program uses the
adult Medicare model, requiring a prognosis of death within
6 months and the cessation of curative efforts for children to
receive hospice services. Recently some states have developed
alternative pediatric models where curative efforts may con-
tinue while the higher level of coordinated end-of-life services
may be applied.

BEREAVEMENT
Bereavement refers to the process of psychological and spir-
itual accommodation to death on the part of the child and
the child’s family. Grief has been defined as the emotional
response caused by a loss, including pain, distress, and phys-
ical and emotional suffering. It is a normal adaptive human
response to death. Palliative care attends to the grief reac-
tion. Assessing the coping resources and vulnerabilities of the
affected family before death takes place is central to the palli-
ative care approach.

Parental grief is recognized as being more intense and sus-
tained than other types of grief. Most parents work through
their grief. Complicated grief, a pathologic manifestation of

continued and disabling grief, is rare. Parents who share their
problems with others during the child’s illness, who have had
access to psychological support during the last month of their
child’s life, and who have had closure sessions with the attend-
ing staff, are more likely to resolve their grief.

A vparticularly difficult issue for parents is whether to talk
with their child about the child’s imminent death. Although
evidence suggests that sharing accurate and truthful informa-
tion with a dying child is beneficial, each individual case pres-
ents its own complexities, based on the child’s age, cognitive
development, disease, timeline of disease, and parental psy-
chological state. Parents are more likely to regret not talking
with their child about death than having done so. Among
those who did not talk with their child about death, parents
who sensed their child was aware of imminent death, parents
of older children, and mothers more than fathers were more
likely to feel regretful.

COGNITIVE ISSUES IN CHILDREN AND
ADOLESCENTS: UNDERSTANDING DEATH
AND DYING

The pediatrician should communicate with children about
what is happening to them, while respecting the cultural and
personal preferences of the family. A developmental under-
standing of children’s concepts of health and illness helps
frame the discussion with children and can help parents
understand how their child is grappling with the situation.
Piaget’s theories of cognitive development, which help illus-
trate children’s concepts of death and disease, are categorized
as sensorimotor, preoperational, concrete operations, and for-
mal operations.

For very young children, up to 2 years of age (sensori-
motor), death is seen as a separation, and there is probably
no concept of death. The associated behaviors in grieving
children of this age usually include protesting and difficulty
of attachment to other adults. The degree of difficulty depends
on the availability of other nurturing people with whom the
child has had a good previous attachment.

Children from 3 to 5 years of age (preoperational) (some-
times called the magic years) have trouble grasping the mean-
ing of the illness and the permanence of the death. Their
language skills at this age make understanding their moods
and behavior difficult. Because of a developing sense of guilt,
death may be viewed as punishment. If a child previously
wished a younger sibling to have died, the death may be seen
psychologically as being caused by the child’s wishful think-
ing. They can feel overwhelmed when confronted with the
strong emotional reactions of their parents.

In children ages 6 to 11 years of age (late preoperational to
concrete operational), the finality of death gradually comes
to be understood. Magical thinking gives way to a need for
detailed information to gain a sense of control. Older children
in this range have a strong need to control their emotions by
compartmentalizing and intellectualizing.

In adolescents (212 years of age) (formal operations), death
is a reality and is seen as universal and irreversible. Adoles-
cents handle death issues at the abstract or philosophical level
and can be realistic. They may also avoid emotional expression
and information, instead relying on anger or disdain. Adoles-
cents can discuss withholding treatments. Their wishes, hopes,
and fears should be attended to and respected.
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CULTURAL, RELIGIOUS, AND SPIRITUAL
CONCERNS ABOUT PALLIATIVE CARE

AND END-OF-LIFE DECISIONS

Understanding the family’s religious/spiritual or cultural
beliefs and values about death and dying can help the pediatri-
cian work with the family to integrate these beliefs, values, and
practices into the palliative care plan. Cultures vary regarding
the roles family members have, the site of treatment for dying
people, and the preparation of the body. Some ethnic groups
expect the clinical team to speak with the oldest family mem-
ber or to only the head of the family outside of the patient’s
presence. Some families involve the entire extended family in
decision making. For some families, dying at home can bring
the family bad luck, whereas others believe that the patients
spirit will become lost if the death occurs in the hospital. In
some traditions, the health care team cleans and prepares
the body, whereas, in others, family members prefer to com-
plete this ritual. Religious/spiritual or cultural practices may
include prayer, anointing, laying on of the hands, an exorcism
ceremony to undo a curse, amulets, and other religious objects
placed on the child or at the bedside. Families differ in the idea
of organ donation and the acceptance of autopsy. Decisions,
rituals, and withholding of palliative or lifesaving procedures
that could harm the child or are not in the best interests of
the child should be addressed. Quality palliative care attends
to this complexity and helps parents and families through the
death of a child while honoring the familial, cultural, and spir-
itual values.

ETHICAL ISSUES IN END-OF-LIFE

DECISION MAKING

Before speaking with a child about death, the caregiver should
assess the child’s age, experience, and level of development; the
child’s understanding and involvement in end-of-life decision
making; the parents’ emotional acceptance of death; their cop-
ing strategies; and their philosophical, spiritual, and cultural
views of death. These may change over time, and the use of
open-ended questions to repeatedly assess these areas con-
tributes to the end-of-life process. The care of a dying child
can create ethical dilemmas involving autonomy, benefi-
cence (doing good), nonmaleficence (doing no harm), truth
telling, confidentiality, or the physician’s duty. It is extremely
difficult for parents to know when the burdens of continued

medical care are no longer appropriate for their child. The
beliefs and values of what constitutes quality of life, when life
ceases to be worth living, and religious/spiritual, cultural, and
philosophical beliefs may differ between families and health
care workers. The most important ethical principle is what is
in the best interest of the child as determined through the
process of shared decision making, informed permission/
consent from the parents, and assent from the child. Sensitive
and meaningful communication with the family, in their own
terms, is essential. The physician, patient, and family must
negotiate the goals of continued medical treatment while
recognizing the burdens and benefits of the medical inter-
vention plan. There is no ethical or legal difference between
withholding treatment and withdrawing treatment, although
many parents and physicians see the latter as more challeng-
ing. Family members and the patient should agree about what
are appropriate do not resuscitate (also called DNR) orders.
Foregoing some measures does not preclude other measures
being implemented, based on the needs and wishes of the
patient and family. When there are serious differences among
parents, children, and physicians on these matters, the phy-
sician may consult with the hospital ethics committee or, as
a last resort, turn to the legal system by filing a report about
potential abuse or neglect.
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Growth and Development

THE HEALTH MAINTENANCE VISIT
The frequent office visits for health maintenance in the first
2 years of life are more than physicals. Although a somatic
history and physical examination are important parts of each
visit, many other issues are discussed, including nutrition,
behavior, development, safety, and anticipatory guidance.
Disorders of growth and development are often associated
with chronic or severe illness or may be the only symptom of
parental neglect or abuse. Although normal growth and develop-
ment does not eliminate a serious or chronic illness, in general, it
supports a judgment that a child is healthy except for acute, often
benign, illnesses that do not affect growth and development.
The processes of growth and development are intertwined.
However, it is convenient to refer to growth as the increase in
size and development as an increase in function of processes
related to body and mind. Being familiar with normal patterns
of growth and development allows those practitioners who
care for children to recognize and manage abnormal variations.
The genetic makeup and the physical, emotional, and social
environment of the individual determine how a child grows and
develops throughout childhood. One goal of pediatrics is to help
each child achieve his or her individual potential through peri-
odically monitoring and screening for the normal progression
or abnormalities of growth and development. The American
Academy of Pediatrics recommends routine office visits in the
first week of life (depending on timing of nursery discharge) at 2
weeks; at 1,2,4, 6,9, 12, 15, and 18 months; at 2, 2%, and3 years;
then annually through adolescence/young adulthood (Fig. 9-1).

Deviations in growth patterns may be nonspecific or may be
important indicators of serious and chronic medical disorders.
An accurate measurement of length/height, weight, and head
circumference should be obtained at every health supervision
visit and compared with statistical norms on growth charts.
Table 5-1 summarizes several convenient benchmarks to eval-
uate normal growth. Serial measurements are much more
useful than single measurements to detect deviations from a
particular growth pattern, even if the value remains within
statistically defined normal limits (percentiles). Following the
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trend helps define whether growth is within acceptable limits
or warrants further evaluation.

Growth is assessed by plotting accurate measurements on
growth charts and comparing each set of measurements with
previous measurements obtained at health visits. Please see
examples in Figures 5-1 to 5-4. Complete charts can be found at
www.cdc.gov/growthcharts/who_charts.htm for birth to 2 years
and www.cdc.gov/growthcharts for 2 to 20 years. The body mass
index is defined as body weight in kilograms divided by height in
meters squared; it is used to classify adiposity and is recommended
as a screening tool for children and adolescents to identify those
overweight or at risk for being overweight (see Chapter 29).

Normal growth patterns have spurts and plateaus, so some
shifting on percentile graphs can be expected. Large shifts
in percentiles warrant attention, as do large discrepancies in
height, weight, and head circumference percentiles. When
caloric intake is inadequate, the weight percentile falls first,
then the height, and the head circumference is last. Caloric
intake may be poor as a result of inadequate feeding or because
the child is not receiving adequate attention and stimulation
(nonorganic failure to thrive [see Chapter 21]).

Caloric intake also may be inadequate because of increased
caloric needs. Children with chronic illnesses, such as heart
failure or cystic fibrosis, may require a significantly higher
caloric intake to sustain growth. An increasing weight per-
centile in the face of a falling height percentile suggests hypo-
thyroidism. Head circumference may be disproportionately

Table 5-1 | Rules of Thumb for Growth

WEIGHT
Weight loss in first few days: 5%—10% of birth weight
Return to birth weight: 7-10 days of age
Double birth weight: 4-5 months
Triple birth weight: 1 year
Daily weight gain:
20-30 g for first 3-4 months
15-20 g for rest of the first year
HEIGHT
Average length: 20 in. at birth, 30 in. at 1 year
At age 4 years, the average child is double birth length or 40 in.
HEAD CIRCUMFERENCE (HC)
Average HC: 35 cm at birth (13.5in.)

HC increases: 1 cm per month for first year (2 cm per month for first
3 months, then slower)
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Figure 5-1 Length-by-age and weight-by-age percentiles for boys,
birth to 2 years of age. Developed by the National Center for Health
Statistics in collaboration with the National Center for Chronic Disease
Prevention and Health Promotion. (From Centers for Disease Control
and Prevention: WHO Child Growth Standards, Atlanta, Ga, 2009.
Available at http://www.cdc.gov/growthcharts/who_charts.htm.)

Birth to 24 months: Boys
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Figure 5-2 Head circumference and weight-by-length percentiles
for boys, birth to 2 years of age. Developed by the National Center for
Health Statistics in collaboration with the National Center for Chronic
Disease Prevention and Health Promotion. (From Centers for Disease
Control and Prevention: WHO Child Growth Standards, Atlanta, Ga,
2009. Available athttp://www.cdc.gov/growthcharts/who_charts.htm.)

2 to 20 years: Girls NAME

Stature-for-age and Weight-for-age percentiles RECORD #
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Figure 5-3 Stature-for-age and weight-for-age percentiles for girls,
2 to 20 years of age. Developed by the National Center for Health
Statistics in collaboration with the National Center for Chronic Disease
Prevention and Health Promotion. (From Centers for Disease Control
and Prevention, Atlanta, Ga, 2001. Available at http://www.cdc.gov/
growthcharts.)

2 to 20 years: Girls NAME
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Figure 5-4 Body mass index-for-age percentiles for girls, 2 to
20 years of age. Developed by the National Center for Health Sta-
tistics in collaboration with the National Center for Chronic Disease
Prevention and Health Promotion. (From Centers for Disease Control
and Prevention Atlanta, Ga, 2001. Available at http://www.cdc.gov/
growthcharts.)
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large when there is familial megalocephaly, hydrocephalus,
or merely catch-up growth in a neurologically normal prema-
ture infant. A child is considered microcephalic if the head
circumference is less than the third percentile, even if length
and weight measurements also are proportionately low. Serial
measurements of head circumference are crucial during
infancy, a period of rapid brain development, and should be
plotted regularly until the child is 2 years of age. Any suspicion
of abnormal growth warrants at least a close follow-up, further
evaluation, or both.

e
,/'oﬁ\{\ ‘/

DISORDERS OF
GROWTH

> Decision-Making Algorithm
¢ Available @ StudentConsult.com

Short stature

The most common reasons for deviant measurements are
technical (i.e., faulty equipment and human errors). Repeating
a deviant measurement is the first step. Separate growth charts
are available and should be used for very low birth weight
infants (weight <1500 g) and for those with Turner syndrome,
Down syndrome, achondroplasia, and various other dysmor-
phology syndromes.

Variability in body proportions occurs from fetal to adult
life. Newborns’ heads are significantly larger in proportion to
the rest of their body. This difference gradually disappears.
Certain growth disturbances result in characteristic changes
in the proportional sizes of the trunk, extremities, and head.
Patterns requiring further assessment are summarized in
Table 6-1.

Evaluating a child over time, coupled with a careful his-
tory and physical examination, helps determine whether the
growth pattern is normal or abnormal. Parental heights may
be useful when deciding whether to proceed with a further
evaluation. Children, in general, follow their parents’ growth
pattern, although there are many exceptions.

For a girl, midparental height is calculated as follows:

Paternal height (inches) + Maternal heigh (inches)

2
For a boy, midparental height is calculated as follows:

—-2.5

Paternal height (inches) + Maternal heigh (inches)

2
Actual growth depends on too many variables to make
an accurate prediction from midparental height determina-
tion for every child. The growth pattern of a child with low
weight, length, and head circumference is commonly asso-
ciated with familial short stature (see Chapter 173). These
children are genetically normal but are smaller than most

+2.5

Table 6-1 | Specific Growth Patterns Requiring Further
Evaluation

REPRESENTATIVE
DIAGNOSES FURTHER
PATTERN TO CONSIDER EVALUATION
Weight, Familial short stature ~ Midparental heights
length, head Constitutional short Evaluation of pubertal

development
Examination of

prenatal records
Chromosome analysis

stature
Intrauterine insult
Genetic abnormality

circumference all
<5th percentile

Discrepant Normal variant Midparental heights
percentiles (e.g., (familial or Thyroid hormone
weight 5th, constitutional) Growth factors, growth

length 5th, head
circumference
50th, or other
discrepancies)

hormone testing
Evaluation of pubertal
development

Endocrine growth
failure
Caloric insufficiency

Complete history and
physical examination

Dietary and social
history

Growth factors, growth
hormone testing

Declining
percentiles

Catch-down growth

Caloric insufficiency

Endocrine growth
failure

children. A child who, by age, is preadolescent or adolescent
and who starts puberty later than others may have the nor-
mal variant called constitutional short stature (see Chapter
173); careful examination for abnormalities of pubertal
development should be done, although most are normal. An
evaluation for primary amenorrhea should be considered
for any female adolescent who has not reached menarche by
15 years or has not done so within 3 years of thelarche. Lack
of breast development by age 13 years also should be evalu-
ated (see Chapter 174).

Starting out in high growth percentiles, many children assume
a lower percentile between 6 and 18 months until they match
their genetic programming, then grow along new, lower percen-
tiles. They usually do not decrease more than two major percen-
tiles and have normal developmental, behavioral, and physical
examinations. These children with catch-down growth should be
followed closely, but no further evaluation is warranted.

Infants born small for gestational age, or prematurely, ingest
more breast milk or formula and, unless there are complications
that require extra calories, usually exhibit catch-up growth in
the first 6 months. These infants should be fed on demand and
provided as much as they want unless they are vomiting (not
just spitting up [see Chapter 128]). Some may benefit from a
higher caloric content formula. Many psychosocial risk factors
that may have led to being born small or early may contribute
to nonorganic failure to thrive (see Chapter 21). Conversely
infants who recover from being low birth weight or premature
have an increased risk of developing childhood obesity.

Growth of the nervous system is most rapid in the first
2 vyears, correlating with increasing physical, emotional,
behavioral, and cognitive development. There is again rapid
change during adolescence. Osseous maturation (bone age)
is determined from radiographs on the basis of the number
and size of calcified epiphyseal centers; the size, shape, density,
and sharpness of outline of the ends of bones; and the distance
separating the epiphyseal center from the zone of provisional
calcification.
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NORMAL
DEVELOPMENT

PHYSICAL DEVELOPMENT

Parallel to the changes in the developing brain (i.e., cognition,
language, behavior) are changes in the physical development
of the body.

NEWBORN PERIOD
Observation of any asymmetric movement or altered mus-
cle tone and function may indicate a significant central ner-
vous system abnormality or a nerve palsy resulting from the
delivery and requires further evaluation. Primitive neonatal
reflexes are unique in the newborn period and can further elu-
cidate or eliminate concerns over asymmetric function. The
most important reflexes to assess during the newborn period
are as follows:

The Moro reflex is elicited by allowing the infant’s head
to gently move back suddenly (from a few inches off of
the mattress onto the examiner’s hand), resulting in a
startle, then abduction and upward movement of the arms
followed by adduction and flexion. The legs respond with
flexion.

The rooting reflex is elicited by touching the corner of the
infant’s mouth, resulting in lowering of the lower lip on the
same side with tongue movement toward the stimulus. The
face also turns toward the stimulus.

The sucking reflex occurs with almost any object placed in
the newborn’s mouth. The infant responds with vigorous
sucking. The sucking reflex is replaced later by voluntary
sucking.

The grasp reflex occurs when placing an object, such as
a finger, onto the infant’s palm (palmar grasp) or sole
(plantar grasp). The infant responds by flexing fingers or
curling the toes.

The asymmetric tonic neck reflex is elicited by placing
the infant supine and turning the head to the side. This
placement results in ipsilateral extension of the arm and
the leg into a “fencing” position. The contralateral side
flexes as well.

A delay in the expected disappearance of the reflexes may also

warrant an evaluation of the central nervous system.

See Sections 11 and 26 for additional information on the
newborn period.

LATER INFANCY

With the development of gross motor skills, the infant is first
able to control his or her posture, then proximal musculature,
and, last, distal musculature. As the infant progresses through
these stages, the parents may notice orthopedic deformities
(see Chapters 202 and 203). The infant also may have defor-
mities that are related to intrauterine positioning. Physical
examination should indicate whether the deformity is fixed or

can be moved passively into the proper position. When a joint
held in an abnormal fashion can be moved passively into the
proper position, there is a high likelihood of resolving with
the progression of gross motor development. Fixed deformi-
ties warrant immediate pediatric orthopedic consultation (see
Section 26).

Evaluation of vision and ocular movements is important to
prevent the serious outcome of strabismus. The cover test and
light reflex should be performed at early health maintenance
visits; interventions after age 2 decrease the chance of preserv-
ing binocular vision or normal visual acuity (see Chapter 179).

SCHOOL AGE/PREADOLESCENT
Older school-age children who begin to participate in com-
petitive sports should have a comprehensive sports history
and physical examination, including a careful evaluation of
the cardiovascular system. The American Academy of Pedi-
atrics 4th edition sports preparticipation form is excellent for
documenting cardiovascular and other risks. The patient and
parent should complete the history form and be interviewed
to assess cardiovascular risk. Any history of heart disease or a
murmur must be referred for evaluation by a pediatric cardiol-
ogist. A child with a history of dyspnea or chest pain on exer-
tion, irregular heart rate (i.e., skipped beats, palpitations), or
syncope should also be referred to a pediatric cardiologist. A
family history of a primary (immediate family) or secondary
(immediate family’s immediate family) atherosclerotic disease
(myocardial infarction or cerebrovascular disease) before 50
years of age or sudden unexplained death at any age requires
additional assessment.

Children interested in contact sports should be assessed for
special vulnerabilities. Similarly vision should be assessed as
a crucial part of the evaluation before participation in sports.

ADOLESCENCE

Adolescents need annual comprehensive health assessments
to ensure progression through puberty without major prob-
lems (see Chapters 67 and 68). Sexual maturity is an import-
ant issue in adolescents. All adolescents should be assessed to
monitor progression through sexual maturity rating stages
(see Chapter 67). Other issues in physical development include
scoliosis, obesity, and trauma (see Chapters 29 and 203). Most
scoliosis is mild and requires only observation for progression.
Obesity may first manifest during childhood and is an issue
for many adolescents.

DEVELOPMENTAL MILESTONES
The use of milestones to assess development focuses on dis-
crete behaviors that the clinician can observe or accept as
present by parental report. This approach is based on com-
paring the patient’s behavior with that of many normal chil-
dren whose behaviors evolve in a uniform sequence within
specific age ranges (see Chapter 8). The development of the
neuromuscular system, similar to that of other organ systems,
is determined first by genetic endowment and then molded by
environmental influences.

Although a sequence of specific, easily measured behaviors
can adequately represent some areas of development (gross
motor, fine motor, and language), other areas, particularly
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social and emotional development, are not as easy to assess.
Easily measured developmental milestones are well estab-
lished through age 6 years only. Other types of assessment
(e.g., intelligence tests, school performance, and personality
profiles) that expand the developmental milestone approach
are available for older children but generally require time and
expertise in administration and interpretation.

PSYCHOSOCIAL ASSESSMENT

Bonding and Attachment in Infancy

The terms bonding and attachment describe the affective rela-
tionships between parents and infants. Bonding occurs shortly
after birth and reflects the feelings of the parents toward the
newborn (unidirectional). Attachment involves reciprocal
feelings between parent and infant and develops gradually
over the first year.

Attachment of infants outside of the newborn period is cru-
cial for optimal development. Infants who receive extra atten-
tion, such as parents responding immediately to any crying
or fussiness, show less crying and fussiness at the end of the
first year. Stranger anxiety develops between 9 and 18 months
of age, when infants normally become insecure about separa-
tion from the primary caregiver. The infant’s new motor skills
and attraction to novelty may lead to headlong plunges into
new adventures that result in fright or pain followed by frantic
efforts to find and cling to the primary caregiver. The result
is dramatic swings from stubborn independence to clinging
dependence that can be frustrating and confusing to parents.
With secure attachment, this period of ambivalence may be
shorter and less tumultuous.

Developing Autonomy in Early Childhood
Toddlers build on attachment and begin developing autonomy
that allows separation from parents. In times of stress, toddlers
often cling to their parents, but in their usual activities they
may be actively separated. Ages 2 to 3 years are a time of major
accomplishments in fine motor skills, social skills, cognitive
skills, and language skills. The dependency of infancy yields
to developing independence and the “I can do it myself” age.
Limit setting is essential to a balance of the child’s emerging
independence.

Early Childhood Education

There is a growing body of evidence that notes that children
who are in high quality early learning environments are more
prepared to succeed in school. Every dollar invested in early
childhood education may save taxpayers up to 13 dollars in
future costs. These children commit fewer crimes and are bet-
ter prepared to enter the workforce after school. Early Head
Start (less than 3 years), Head Start (3 to 4 years), and prekin-
dergarten programs (4 to 5 years) all demonstrate better edu-
cational attainment, although the earlier the start, the better
the results.

School Readiness

Readiness for preschool depends on the development of
autonomy and the ability of the parent and the child to sep-
arate for hours at a time. Preschool experiences help children

develop socialization skills; improve language; increase skill
building in areas such as colors, numbers, and letters; and
increase problem solving (puzzles).

Readiness for school (kindergarten) requires emotional
maturity, peer group and individual social skills, cognitive abil-
ities, and fine and gross motor skills (Table 7-1). Other issues
include chronologic age and gender. Children tend to do better
in kindergarten if their fifth birthday is at least 4 to 6 months
before the beginning of school. Girls usually are ready earlier
than boys. If the child is in less than the average developmental
range, he or she should not be forced into early kindergarten.
Holding a child back for reasons of developmental delay, in
the false hope that the child will catch up, can also lead to dif-
ficulties. The child should enroll on schedule, and educational
planning should be initiated to address any deficiencies.

Physicians should be able to identify children at risk for
school difficulties, such as those who have developmental
delays or physical disabilities. These children may require spe-
cialized school services.

Adolescence
Some define adolescence as 10 to 25 years of age but adolescence
is perhaps better characterized by the developmental stages
(early, middle, and late adolescence) that all teens must negoti-
ate to develop into healthy, functional adults. Different behav-
ioral and developmental issues characterize each stage. The age
at which each issue manifests and the importance of these issues
vary widely among individuals, as do the rates of cognitive, psy-
chosexual, psychosocial, and physical development.

During early adolescence, attention is focused on the pres-
ent and on the peer group. Concerns are primarily related

Table 7-1

PHYSICIAN OBSERVATIONS (BEHAVIORS OBSERVED
IN THE OFFICE)

Ease of separation of the child from the parent

Evaluating School Readiness

Speech development and articulation
Understanding of and ability to follow complex directions
Specific pre-academic skills
Knowledge of colors
Counts to 10
Knows age, first and last names, address, and phone number
Ability to copy shapes
Motor skills
Stand on one foot, skip, and catch a bounced ball
Dresses and undresses without assistance

PARENT OBSERVATIONS (QUESTIONS ANSWERED
BY HISTORY)

Does the child play well with other children?

Does the child separate well, such as a child playing in the
backyard alone with occasional monitoring by the parent?

Does the child show interest in books, letters, and numbers?
Can the child sustain attention to quiet activities?

How frequent are toilet-training accidents?
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to the body’s physical changes and normality. Strivings for
independence are ambivalent. These young adolescents are
difficult to interview because they often respond with short,
clipped conversation and may have little insight. They are just
becoming accustomed to abstract thinking.

Middle adolescence can be a difficult time for adoles-
cents and the adults who have contact with them. Cognitive
processes are more sophisticated. Through abstract think-
ing, middle adolescents can experiment with ideas, consider
things as they might be, develop insight, and reflect on their
own feelings and the feelings of others. As they mature, these
adolescents focus on issues of identity not limited solely to
the physical aspects of their body. They explore their parents’
and culture’s values, sometimes by expressing the contrary
side of the dominant value. Many middle adolescents explore
these values in their minds only; others do so by challenging
their parents’ authority. Many engage in high-risk behaviors,
including unprotected sexual intercourse, substance abuse,
or dangerous driving. The strivings of middle adolescents for
independence, limit testing, and need for autonomy often dis-
tress their families, teachers, or other authority figures. These
adolescents are at higher risk for morbidity and mortality
from accidents, homicide, or suicide.

Late adolescence usually is marked by formal operational
thinking, including thoughts about the future (e.g., educa-
tional, vocational, and sexual). Late adolescents are usually
more committed to their sexual partners than are middle ado-
lescents. Unresolved separation anxiety from previous devel-
opmental stages may emerge, at this time, as the young person
begins to move physically away from the family of origin to
college or vocational school, a job, or military service.

MODIFYING PSYCHOSOCIAL BEHAVIORS
Child behavior is determined by heredity and by the environ-
ment. Behavioral theory postulates that behavior is primarily
a product of external environmental determinants and that
manipulation of the environmental antecedents and conse-
quences of behavior can be used to modify maladaptive behav-
ior and to increase desirable behavior (operant conditioning).
The four major methods of operant conditioning are positive
reinforcement, negative reinforcement, extinction, and pun-
ishment. Many common behavioral problems of children can
be ameliorated by these methods.

Positive reinforcement increases the frequency of a behav-
ior by following the behavior with a favorable event (e.g.,
praising a child for excellent school performance). Negative
reinforcement usually decreases the frequency of a behavior
by removal, cessation, or avoidance of an unpleasant event.
Conversely sometimes this reinforcement may occur uninten-
tionally, increasing the frequency of an undesirable behavior.
For example, a toddler may purposely try to stick a pencil in
a light socket to obtain attention, whether it be positive or
negative. Extinction occurs when there is a decrease in the
frequency of a previously reinforced behavior because the rein-
forcement is withheld. Extinction is the principle behind the
common advice to ignore behavior such as crying at bedtime
or temper tantrums, which parents may unwittingly reinforce
through attention and comforting. Punishment decreases the
frequency of a behavior through unpleasant consequences.

Positive reinforcement is more effective than punishment.
Punishment is more effective when combined with positive

reinforcement. A toddler who draws on the wall with a crayon
may be punished, but he or she learns much quicker when pos-
itive reinforcement is given for the proper use of the crayon—
on paper, not the wall. Interrupting and modifying behaviors
are discussed in detail in Section 3.

TEMPERAMENT
Significant individual differences exist within the normal
development of temperament (behavioral style). Temper-
ament must be appreciated because, if an expected pattern
of behavior is too narrowly defined, normal behavior may
be inappropriately labeled as abnormal or pathologic. Three
common constellations of temperamental characteristics are
as follows:

1. The easy child (about 40% of children) is characterized
by regularity of biologic functions (consistent, predictable
times for eating, sleeping, and elimination), a positive
approach to new stimuli, high adaptability to change, mild
or moderate intensity in responses, and a positive mood.

2. The difficult child (about 10%) is characterized by
irregularity of biologic functions, negative withdrawal
from new stimuli, poor adaptability, intense responses,
and a negative mood.

3. The slow to warm up child (about 15%) is characterized
by a low activity level, withdrawal from new stimuli, slow
adaptability, mild intensity in responses, and a somewhat
negative mood.

The remaining children have more mixed temperaments.
The individual temperament of a child has important implica-
tions for parenting and for the advice a pediatrician may give
in anticipatory guidance or behavioral problem counseling.

Although, to some degree, temperament may be hard-
wired (nature) in each child, the environment (nurture) in
which the child grows has a strong effect on the child’s adjust-
ment. Social and cultural factors can have marked effects on
the child through differences in parenting style, educational
approaches, and behavioral expectations.

DISORDERS OF
DEVELOPMENT

DEVELOPMENTAL SURVEILLANCE

AND SCREENING

Developmental and behavioral problems are more common
than any category of problems in pediatrics, except acute
infections and trauma. In 2008 15% of children ages 3 to 7 had
a developmental disability, and others had behavioral disabil-
ities. As many as 25% of children have serious psychosocial
problems. Parents often neglect to mention these problems
because they think the physician is uninterested or cannot
help. It is necessary to monitor development and screen for
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the presence of these problems at health supervision visits,
particularly in the years before preschool or early childhood
learning center enrollment.

Development surveillance, done at every office visit, is an
informal process comparing skill levels to lists of milestones.
If suspicion of developmental or behavioral issues recurs, fur-
ther evaluation is warranted (Table 8-1). Surveillance does not
have a standard, and screening tests are necessary.

Developmental screening involves the use of standardized
screening tests to identify children who require further diag-
nostic assessment. The American Academy of Pediatrics rec-
ommends the use of validated standardized screening tools at
three of the health maintenance visits: 9 months, 18 months,
and 30 months. Clinics and offices that serve a higher risk
patient population (children living in poverty) often perform
a screening test at every health maintenance visit. A child who
fails to pass a developmental screening test requires more com-
prehensive evaluation but does not necessarily have a delay;
definitive testing must confirm. Developmental evaluations

for children with suspected delays and intervention services
for children with diagnosed disabilities are available free to
families. A combination of U.S. state and federal funds pro-
vides these services.

Screening tests can be categorized as general screening tests
that cover all behavioral domains or as targeted screens that
focus on one area of development. Some may be administered
in the office by professionals, and others may be completed at
home (or in a waiting room) by parents. Good developmental/
behavioral screening instruments have a sensitivity of 70% to
80% in detecting suspected problems and a specificity of 70% to
80% in detecting normal development. Although 30% of chil-
dren screened may be over-referred for definitive developmental
testing, this group also includes children whose skills are below
average and who may benefit from testing that may help address
relative developmental deficits. The 20% to 30% of children who
have disabilities that are not detected by the single adminis-
tration of a screening instrument are likely to be identified on
repeat screening at subsequent health maintenance visits.

Table 8-1 | Developmental Milestones

AGE GROSS MOTOR FINE MOTOR-ADAPTIVE
2 wk Moves head side to side
2 mo Lifts shoulder while prone  Tracks past midline
4 mo Lifts up on hands Reaches for object
Rolls front to back Raking grasp
If pulled to sit from supine,
no head lag
6 mo Sits alone Transfers object hand to
hand
9 mo Pulls to stand Starting to pincer grasp
Gets into sitting position Bangs two blocks together
12mo  Walks Puts block in cup
Stoops and stands
15mo  Walks backward Scribbles
Stacks two blocks
18mo  Runs Stacks four blocks
Kicks a ball
2yr Walks up and down stairs Stacks six blocks
Throws overhand Copies line
3yr Walks steps alternating feet  Stacks eight blocks
Broad jump Wiggles thumb
4yr Balances well on each foot  Copies O, maybe +
Hops on one foot Draws person with three
parts
Syr Skips CopiesO
Heel-to-toe walks
6 yr Balances on each foot Copies A

6 sec

Draws person with six parts

PERSONAL-SOCIAL
Regards face

Smiles responsively

Looks at hand
Begins to work toward
toy

Feeds self
Holds bottle

Waves bye-bye
Plays pat-a-cake

Drinks from a cup
Imitates others

Uses spoon and fork
Helps in housework

Removes garment
"Feeds” doll

Washes and dries hands
Brushes teeth
Puts on clothes

Uses spoon well,
spilling little
Puts on T-shirt

Brushes teeth without
help
Dresses without help

LANGUAGE
Alerts to bell

Cooing
Searches for sound with
eyes

Laughs and squeals

Babbles

Says Dada and Mama, but
nonspecific
Two-syllable sounds

Says Mama and Dada,
specific

Says one to two other words

Says three to six words
Follows commands

Says at least six words

Puts two words together
Points to pictures
Knows body parts

Names pictures

Speech understandable to
stranger 75%

Says three-word sentences

Names colors
Understands adjectives

Counts
Understands opposites

Defines words

OTHER
COGNITIVE

Understands
concept of
today

Understands
concepts of
tomorrow and
yesterday

Begins to
understand
right and left

Mo, Month; sec, second; wk, week; yr, year.
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The Denver Developmental Screening Test II was the
classic test used by general pediatricians (Figs. 8-1 and 8-2).
The Denver Il assesses the development of children from birth
to 6 years of age in the following four domains:

1. Personal-social

2. Fine motor-adaptive
3. Language

4. Gross motor

The advantage of this test is that it teaches developmen-
tal milestones when administered. Items on the Denver II
are carefully selected for their reliability and consistency of

DENVER II

norms across subgroups and cultures. The Denver II is a use-
ful screening instrument, but it cannot assess adequately the
complexities of socioemotional development. Children with
suspect or untestable scores must be followed carefully.

The pediatrician asks questions (items labeled with an “R”
may be asked of parents to document the task “by report”)
or directly observes behaviors. On the scoring sheet, a line is
drawn at the child’s chronologic age. Tasks that are entirely to
the left of the line that the child has not accomplished are con-
sidered delayed. If the test instructions are not followed accu-
rately or if items are omitted, the validity of the test becomes

Examiner: Name:
DDM, INC. 1-800-419-4729 Date: Birthdate:
CATALOG #2115 ID No.:
MONTHS YEARS
4 6 9 12 15 18 24 L 3 1 4 1 5 1 6
P L i ! L L TR TN T AN AN ST ANV SNTAN T SR N
PPREPARE CEREAL
BRUSH TEETH, NO HELP
Percent of children passing PLAY BOARD/CARD GAMES
25 50 75 90 DRESS, NO HELP
May pass by report —»
Fuuyt:;s:nny e —_— TEST ITEM PUT ON T-SHIRT.
(See back of form) - 86°%
copYy O
WASH & DRY HANDS
DRAW PERSON 6 PARTS
BRUSH TEETH WITH HELP
COPY 01 DEMONSTR.
PUT ON CLOTHING
PICK LONGER LINE
FEED DOLL
COPY 4
REMOVE GARMENT
DRAW PERSON PTS
USE SPOONFORK =
a8%
s THUMG W DEFINE 7 WORDS
DRINK FROW CUP TOWER OF 8 CUBES P
PPOSITES-
IMITATE ACTIVITIES, po—
PLAY BALL WITH EXAMINER Towen o ool COUNT 5 6L0CKS
KNOW 3 ADJECTIVES
WAVE BYE-BE TOWER OF 4 CUBES
INDIGATE WANTS TOWER OF 2 CUBES DEFIES WORDS
o NAME 4 COLORS
X PLAY PAT-A-CAKE DUMP RAISIN, DEMONSTRATED
b UNDERSTAND 4 FREPOSITIONS
8 ks SCRIBBLES SPEECH ALL UNDERSTANDABLE
\LL
@ WORK FOR TOY PUT BLOCK IN CUP
B KNOW 4 ACTIONS
F REGARD OWN HAND. BANG 2 CUBES
2 e HELD N HANDS USE OF 3 0BJECTS,
Q| sponaveousty THUMB-FINGER COUNT 1 BLOCK
o« m GRASP
w SVSPON USE OF 2 BJECTS
o SIVELY: TAKE 2 CUBES VAVE 1 COLOR
BEGARD PASS CUBE ol
RRAKE RAISIN AADJECTIVES
LOOK FOR VARN KNOW 2 ACTIOH) BALANCE EACH FOOT 6 SECONDS
REACHES NAME 4 PISTLEES HEEL-T0-TOE WALK
REGARD RAISINI SPEECH HALF UNDERSTANDEER BALANCE EACH FOOT 5 SECS.
FOLLOW 180° POINT 4 PICIURES) BALANCE EACH FOOT 4 SECS. =
w HANDS BODY PARTS -6 S
g HAND R BALANCE EACH FOOT 3 SECONDS 2
£ NAME 1 PICTURE 5
% e COMBINE WORDS o <
3 RATTLE B 0 BALANCE EACH g
< o iSE ey | FOOT 2 SECONDS, =
BALANCE EACH
] FouLow ©WORDS FOOT 1 SECOND. 2
'6 MIDLINE 3 WORDS BROAD JUMP %
E 2WORDS THROW BALL OVERHAND! =
4 ONE WORD JUMP UP E
w DADAMAMA SPECIFIC (10K BALL FORWARD S
I
JABBERS WALK UP STEPS Q
COMBINE SYLLABLES AU TEST BEHAVIOR 2
a2
ﬁﬁﬁ‘,‘g",ﬂ@éfé‘.c WALK BACKWARDS (Check boxes for 1st, 2nd, or 3rd test) é
IMITATE SPEECH SOUNDS WALK WELL Typical i 2 3 s
SINGLE SYLLABLES STOOP AND REEYEY Yes EEE :
TURN 0 VOICE STAND ALON No =
STAND-2 SECS. .
TURN TO [
TURNTO A pre Compliance (See Note 31) 1 2 3 R
w SQUEALS SITTING Always Compll_es 5
] e UL TE Usually Complies Py
2 STAND, Rarely Complies 3
2 “000/AAH S
[} STAND . . o
<zt VOCALIZES HOLDING ON Interest in Surroundings 1 2 3 =
=] ResponD TO BELL (ol Alert =
W Somewhat Disinterested E
. . Seriously Disinterested o
ROLL OVER 5
a2
cres e Fearfulness 1 2 3 2
None =
BEAR WEIGHT ON LEGS Mild g
[
SIT-HEAD STEADY. Extreme N3
o HEAD UP 90° . 3
[ Attention Span =
5| Herwuess . 1.2 3 ]
= o Appropriate =23
@ HEAD Somewhat Distractable o5
o EQUAL Very Distractable 3
& | ovevenrs -
I T (R L U L L UL L L L L L L 3
MONTHS 2 4 6 9 12 15 18 24 3 YEARS 4 5 6 2
©

Figure 8-1 Scoring form for Denver II. (From Frankenburg WK: Denver | Training Manual. ©1967, 1970 William K. Frankenburg and Josiah B.
Dodds; 1975, 1976, 1978 William K. Frankenburg; 1990, 1992 William K. Frankenburg and Josiah B. Dodds; © 2009 Wilhelmine R. Frankenburg
- Contact DDM, Inc. 1-800-419-4729 or Info@denverii.com.)
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DIRECTIONS FOR ADMINISTRATION

Child must stare at hand several seconds.

Pass if child picks up raisin with any part of thumb and finger.
0. Line can vary only 30 degrees or less from tester’s line. |/
1

230N R N

than the thumb.

13. Which line is longer?
(Not bigger.) Turn paper

12. Pass any enclosed
form. Fail continuous
round motions.

(pass 3 of 3 or 5 of 6)

Parent may help guide toothbrush and put toothpaste on brush.

Child does not have to be able to tie shoes or button/zip in the back.

Move yarn slowly in an arc from one side to the other, about 8” above child’s face.

Pass if child grasps rattle when it is touched to the backs or tips of fingers.

Pass if child tries to see where yarn went. Yarn should be dropped quickly from sight from tester’s hand without arm movement.
Child must transfer cube from hand to hand without help of body, mouth, or table.

upside down and repeat.

Try to get child to smile by smiling, talking or waving. Do not touch him/her.

Make a fist with thumb pointing upward and wiggle only the thumb. Pass if child imitates and does not move any fingers other

14. Pass any lines
crossing near
midpoint.

15. Have child copy first.
If failed, demonstrate.

When giving items 12, 14, and 15, do not name the forms. Do not demonstrate 12 and 14.

16. When scoring, each pair (2 arms, 2 legs, etc.) counts as one part.
17. Place one cube in cup and shake gently near child’s ear, but out of sight. Repeat for other ear.
18. Point to picture and have child name it. (No credit is given for sounds only.)

If less than 4 pictures are named correctly, have child point to picture as each is named by tester.

Y

19. Using doll, tell child: Show me the nose, eyes, ears, mouth, hands, feet, tummy, hair. Pass 6 of 8.

20. Using pictures, ask child: Which one flies?...says meow?...talks?...barks?...gallops? Pass 2 of 5, 4 of 5.
21. Ask child: What do you do when you are cold?...tired?...nungry? Pass 2 of 3, 3 of 3.

22. Ask child: What do you do with a cup? What is a chair used for? What is a pencil used for?

Action words must be included in answers.

23. Pass if child correctly places and says how many blocks are on paper. (1,5).
24. Tell child: Put block on table; under table; in front of me, behind me. Pass 4 of 4.

(Do not help child by pointing, moving head or eyes.)

25. Ask child: What is a ball?...lake?...desk?...house?...banana?...curtain?...fence?...ceiling? Pass if defined in terms
of use, shape, what it is made of, or general category (such as banana is fruit, not just yellow). Pass 5 of 8, 7 of 8.
26. Ask child: If a horse is big, a mouse is ___? If fire is hot, ice is ___? If the sun shines during the day, the moon shines

during the ___? Pass 2 of 3.
27. Child may use wall or rail only, not person. May not crawl.

28. Child must throw ball overhand 3 feet to within arm’s reach of tester.
29. Child must perform standing broad jump over width of test sheet (8 1/2 inches).
30. Tell child to walk forward, D &= &GO heel within 1 inch of toe. Tester may demonstrate.

Child must walk 4 consecutive steps.
31. In the second year, half of normal children are non-compliant.

OBSERVATIONS:

Catalog #2115 TO REORDER CALL: (800) 419-4729

Denver Developmental Materials, Inc.
P.O. Box 371075

Denver, Colorado 80237-5075

Tele. #: (303) 355-4729

(800) 419-4729

Figure 8-2 Instructions for the Denver Il. Numbers are coded to a scoring form (see Fig. 8-1). “Abnormal” is defined as two or more delays
(failure of an item passed by 90% at that age) in two or more categories or two or more delays in one category with one other category having
one delay and an age line that does not intersect one item that is passed. (From Frankenburg WK: Denver | Training Manual. ©1967, 1970 William K.
Frankenburg and Josiah B. Dodds; 1975, 1976, 1978 William K. Frankenburg; 1990, 1992 William K. Frankenburg and Josiah B. Dodds; © 2009
Wilhelmine R. Frankenburg - Contact DDM, Inc. 1-800-419-4729 or Info@denverii.com.)

worse. To assist physicians in using the Denver II, the scoring
sheet also features a table to document confounding behaviors,
such as interest, fearfulness, or an apparent short attention span.
Repeat screening at subsequent health maintenance visits often
detects abnormalities that a single screen was unable to detect.

Other developmental screening tools include parent-
completed Ages and Stages Questionnaires (also milestone
driven), and Parents’ Evaluation of Developmental Status. The
latter is a simple, 10-item questionnaire that parents complete
at office visits based on concerns with function and progression

of development. Parent-reported screens have good validity
compared to office-based screening measures.

Autism screening is recommended for all children at 18
to 24 months of age. Although there are several tools, many
pediatricians use the Modified Checklist for Autism in Tod-
dlers (M-CHAT). M-CHAT is an office-based questionnaire
that asks parents about 23 typical behaviors, some of which
are more predictive than others for autism or other pervasive
developmental disorders. If the child demonstrates more than
two predictive or three total behaviors, further assessment



Table 8-2 | Rules of Thumb for Speech Screening

ARTICULATION
(AMOUNT
OF SPEECH
UNDERSTOOD
AGE SPEECH BY A FOLLOWING
(YR) PRODUCTION STRANGER) COMMANDS
1 One to three words One-step
commands
2 Two- to three-word One half Two-step
phrases commands
3 Routine use of Three fourths
sentences
4 Routine use of Almost all
sentence sequences;
conversational give-
and-take
5 Complex sentences;  Almost all

extensive use of
modifiers, pronouns,
and prepositions

with an interview algorithm is indicated to distinguish normal
variant behaviors from those children needing a referral for
definitive testing. The test is freely distributed on the Internet
(see Chapter 20).

Language screening correlates best with cognitive devel-
opment in the early years. Table 8-2 provides some rules of
thumb for language development that focus on speech pro-
duction (expressive language). Although expressive language
is the most obvious language element, the most dramatic
changes in language development in the first years involve rec-
ognition and understanding (receptive language).

Whenever there is a speech and/or language delay, a hear-
ing deficit must be considered. The implementation of uni-
versal newborn hearing screening detects many, if not most,
of these children in the newborn period, and appropriate
early intervention services may be provided. Conditions that
present a high risk of an associated hearing deficit are listed
in Table 8-3. Dysfluency (stuttering) is common in a 3- and
4-year-old child. Unless the dysfluency is severe, is accompa-
nied by tics or unusual posturing, or occurs after 4 years of
age, parents should be counseled that it is normal and tran-
sient and to accept it calmly and patiently.

After the child’s sixth birthday and until adolescence, devel-
opmental assessment is initially done by inquiring about
school performance (academic achievement and behavior).
Inquiring about concerns raised by teachers or other adults
who care for the child (after-school program counselor, coach,
religious leader) is prudent. Formal developmental testing of
these older children is beyond the scope of the primary care
pediatrician. Nonetheless the health care provider should be
the coordinator of the testing and evaluation performed by
other specialists (e.g., psychologists, psychiatrists, develop-
mental pediatricians, and educational professionals).

OTHER ISSUES IN ASSESSING

DEVELOPMENT AND BEHAVIOR

Ignorance of the environmental influences on child behav-
ior may result in ineffective or inappropriate management
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Table 8-3 | Conditions Considered High Risk
for Associated Hearing Deficit

Congenital hearing loss in first cousin or closer relative
Bilirubin level of 220 mg/dL

Congenital rubella or other nonbacterial intrauterine infection
Defects in the ear, nose, or throat

Birth weight of <1500 g

Multiple apneic episodes

Exchange transfusion

Meningitis

Five-minute Apgar score of <5

Persistent fetal circulation (primary pulmonary hypertension)

Treatment with ototoxic drugs (e.g., aminoglycosides and loop
diuretics)

Table 8-4 | Context of Behavioral Problems

CHILD FACTORS

Health (past and current)

Developmental status

Temperament (e.g., difficult, slow to warm up)

Coping mechanisms

PARENTAL FACTORS

Misinterpretations of stage-related behaviors

Mismatch of parental expectations and characteristics of child
Mismatch of personality style between parent and child

Parental characteristics (e.g., depression, lack of interest, rejection,
overprotective)

Coping mechanisms

ENVIRONMENTAL FACTORS

Stress (e.g., marital discord, unemployment, personal loss)
Support (e.g., emotional, material, informational, child care)
Poverty

Racism

(or both). Table 8-4 lists some contextual factors that should
be considered in the etiology of a child’s behavioral or devel-
opmental problem.

Building rapport with the parents and the child is a pre-
requisite for obtaining the often sensitive information that
is essential for understanding a behavioral or developmental
issue. Rapport usually can be established quickly if the par-
ents sense that the clinician respects them and is genuinely
interested in listening to their concerns. The clinician devel-
ops rapport with the child by engaging the child in develop-
mentally appropriate conversation or play, perhaps providing
toys while interviewing the parents, and being sensitive to the
fears the child may have. Too often the child is ignored until it
is time for the physical examination. Similar to their parents,
children feel more comfortable if they are greeted by name
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and involved in pleasant interactions before they are asked
sensitive questions or threatened with examinations. Young
children can be engaged in conversation on the parent’s lap,
which provides security and places the child at the eye level
of the examiner.

With adolescents emphasis should be placed on build-
ing a physician-patient relationship that is distinct from
the relationship with the parents. The parents should not be
excluded; however the adolescent should have the oppor-
tunity to express concerns to and ask questions of the phy-
sician in confidence. Two intertwined issues must be taken
into consideration—consent and confidentiality. Although
laws vary from state to state, in general, adolescents who
are able to give informed consent (i.e., mature minors) may
consent to visits and care related to high-risk behaviors (i.e.,
substance abuse; sexual health, including prevention, detec-
tion, and treatment of sexually transmitted infections; and
pregnancy). Most states support the physician who wishes
the visit to be confidential. Physicians should become famil-
iar with the governing law in the state where they practice
(see www.guttmacher.org/statecenter/updates/index.html).
Providing confidentiality is crucial, allowing for optimal care
(especially for obtaining a history of risk behaviors). When
assessing development and behavior, confidentiality can be
achieved by meeting with the adolescent alone for at least
part of each visit. However parents must be informed when
the clinician has significant and immediate concerns about
the health and safety of the child. Often the clinician can
convince the adolescent to inform the parents directly about
a problem or can reach an agreement with the adolescent
about how the parents will be informed by the physician (see
Chapter 67).

EVALUATING DEVELOPMENTAL AND
BEHAVIORAL ISSUES

Responses to open-ended questions often provide clues to
underlying, unstated problems and identify the appropriate
direction for further, more directed questions. Histories about
developmental and behavioral problems are often vague and
confusing; to reconcile apparent contradictions, the inter-
viewer frequently must request clarification, more detail, or
mere repetition. By summarizing an understanding of the
information at frequent intervals and by recapitulating at the
close of the visit, the interviewer and patient and family can
ensure that they understand each other.

If the clinician’s impression of the child differs markedly
from the parent’s description, there may be a crucial paren-
tal concern or issue that has not yet been expressed, either
because it may be difficult to talk about (e.g., marital prob-
lems), because it is unconscious, or because the parent over-
looks its relevance to the child’s behavior. Alternatively the
physician’s observations may be atypical, even with multiple
visits. The observations of teachers, relatives, and other reg-
ular caregivers may be crucial in sorting out this possibil-
ity. The parent also may have a distorted image of the child,
rooted in parental psychopathology. A sensitive, supportive,
and noncritical approach to the parent is crucial to appropri-
ate intervention. More information about referral and inter-
vention for behavioral and developmental issues is covered in
Chapter 10.

EVALUATION OF THE
WELL CHILD

Health maintenance or supervision visits should consist of a
comprehensive assessment of the child’s health and of the
parent’s/guardian’s role in providing an environment for optimal
growth, development, and health. Bright Futures standardizes
each of the health maintenance visits and provides resources
for working with the children and families of different ages
(see www.brightfutures.aap.org). Elements of each visit include
evaluation and management of parental concerns; inquiry
about any interval illness since the last physical, growth, devel-
opment, and nutrition; anticipatory guidance (including safety
information and counseling); physical examination; screen-
ing tests; and immunizations (Table 9-1). The Bright Futures’
“Recommendations for Preventive Pediatric Health Care,
found at http://brightfutures.aap.org/clinical_practice.html,
summarizes requirements and indicates the ages that specific
prevention measures should be undertaken, including risk
screening and performance items for specific measurements.
Bright Futures is now the enforced standard for the Medicaid

Table 9-1
FOCUS ON THE CHILD

Topics for Health Supervision Visits

Concerns (parent's or child’s)

Past problem follow-up

Immunization and screening test update

Routine care (e.g., eating, sleeping, elimination, and health habits)
Developmental progress

Behavioral style and problems

FOCUS ON THE CHILD'S ENVIRONMENT

Family

Caregiving schedule for caregiver who lives at home
Parent-child and sibling-child interactions

Extended family role

Family stresses (e.g., work, move, finances, illness, death, marital
and other interpersonal relationships)

Family supports (relatives, friends, groups)
Community

Caregivers outside of the family

Peer interaction

School and work

Recreational activities

Physical environment

Appropriate stimulation

Safety
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and the Children’s Health Insurance Program, along with many
insurers. Health maintenance and immunizations now are cov-
ered without co-pays for insured patients as part of the Patient
Protection and Affordable Care Act.

SCREENING TESTS

Children usually are quite healthy and only the following
screening tests are recommended: newborn metabolic screen-
ing with hemoglobin electrophoresis, hearing and vision eval-
uation, anemia and lead screening, and tuberculosis testing.
Children born to families with dyslipidemias or early heart
disease should also be screened for lipid disorders. (Items
marked by a star in Bright Futures’ recommendations should
be performed if a risk factor is found.) Sexually experienced
adolescents should be screened for sexually transmissible
infections. When an infant or child begins care after the new-
born period, the pediatrician should perform any missing
screening tests and immunizations.

Newborn Screening

Metabolic Screening

Every state in the United States mandates newborn metabolic
screening. Each state determines its own priorities and pro-
cedures, but the following diseases are usually included in
metabolic screening: phenylketonuria, galactosemia, congen-
ital hypothyroidism, maple sugar urine disease, and organic
aciduria (see Section 10). Many states now screen for cystic
fibrosis, testing for immunoreactive trypsinogen. If that test
is positive, then a deoxyribonucleic acid (commonly referred
to as DNA) analysis for cystic fibrosis mutations is performed.

Hemoglobin Electrophoresis

Children with hemoglobinopathies are at higher risk for infec-
tion and complications from anemia, which early detection
may prevent or ameliorate. Infants with sickle cell disease are
begun on oral penicillin prophylaxis to prevent sepsis, the
major cause of mortality in these infants (see Chapter 150).

Hearing Evaluation

Because speech and language are central to a child’s cognitive
development, the hearing screening is performed before dis-
charge from the newborn nursery. An infant’s hearing is tested
by placing headphones over the infant’s ears and electrodes on
the head. Standard sounds are played, and the transmission of
the impulse to the brain is documented. If abnormal, a further
evaluation is indicated, using evoked response technology of
sound transmission.

Hearing and Vision Screening of Older
Children

Infants and Toddlers

Inferences about hearing are drawn from asking parents about
responses to sound and speech and by examining speech and
language development closely. Inferences about vision may
be made by examining gross motor milestones (children with
vision problems may have a delay) and by physical examination

of the eye. Parental concerns about vision should be sought until
the child is 3 years of age and about hearing until the child is
4 years of age. If there are concerns, definitive testing should
be arranged. Hearing can be screened by auditory evoked
responses, as mentioned for newborns. For toddlers and older
children who cannot cooperate with formal audiologic testing
with headphones, behavioral audiology may be used. Sounds of
a specific frequency or intensity are provided in a standard envi-
ronment within a soundproof room, and responses are assessed
by a trained audiologist. Vision may be assessed by referral to a
pediatric ophthalmologist and by visual evoked responses.

Children 3 Years of Age and Older

At various ages, hearing and vision should be screened objec-
tively using standard techniques as specified in the Bright
Futures’ recommendations. Asking the family and child about
any concerns or consequences of poor hearing or vision
accomplishes subjective evaluation. At 3 years of age, children
are screened for vision for the first time if they are develop-
mentally able to be tested. Many children at this age do not
have the interactive language or interpersonal skills to perform
avision screen; these children should be re-examined at a 3- to
6-month interval to ensure that their vision is normal. Because
most of these children do not yet identifyletters, using a Snellen
eye chart with standard shapes is recommended. When a child
is able to identify letters, the more accurate letter-based chart
should be used. Audiologic testing of sounds with headphones
should be begun on the fourth birthday (although Head Start
requires that pediatricians attempt the hearing screening at
3 years of age). Any suspected audiologic problem should be
evaluated by a careful history and physical examination, with
referral for comprehensive testing. Children who have a docu-
mented vision problem, failed screening, or parental concern
should be referred, preferably to a pediatric ophthalmologist.

Anemia Screening

Children are screened for anemia at ages when there is
a higher incidence of iron deficiency anemia. Infants are
screened at birth and again at 4 months if there is a docu-
mented risk, such as low birth weight or prematurity. Healthy
term infants usually are screened at 12 months of age because
this is when a high incidence of iron deficiency is noted. Chil-
dren are assessed at other visits for risks or concerns related
to anemia (denoted by a * in the Bright Futures’ recommen-
dations at http://brightfutures.aap.org/clinical_practice.html).
Any abnormalities detected should be evaluated for etiology.
Anemic infants do not perform as well on standard develop-
mental testing. When iron deficiency is strongly suspected, a
therapeutic trial of iron may be used (see Chapter 150).

Lead Screening

Lead intoxication may cause developmental and behavioral
abnormalities that are not reversible, even if the hematologic
and other metabolic complications are treated. Although the
Centers for Disease Control and Prevention (CDC) recom-
mends environmental investigation at blood lead levels of
20 pg/dL on a single visit or persistent 15 pug/dL over a 3-month
period, levels of 5 to 10 pg/dL may cause learning problems. Risk
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factors for lead intoxication include living in older homes with
cracked or peeling lead-based paint, industrial exposure, use of
foreign remedies (e.g., a diarrhea remedy from Central or South
America), and use of pottery with lead paint glaze. Because of
the significant association of lead intoxication with poverty, the
CDC recommends blood lead screening at 12 and 24 months.
In addition, standardized screening questions for risk of lead
intoxication should be asked for all children between 6 months
and 6 years of age (Table 9-2). Any positive or suspect response
is an indication for obtaining a blood lead level. Capillary blood
sampling may produce false-positive results, thus, a venous
blood sample should be obtained. County health departments,
community organizations, and private companies provide lead
inspection and detection services to determine the source of the
lead. Standard decontamination techniques should be used to
remove the lead while avoiding aerosolizing the toxic metal that
a child might breathe or creating dust that a child might ingest
(see Chapters 149 and 150).

Tuberculosis Testing

The prevalence of tuberculosis is increasing, largely as a result
of the adult human immunodeficiency virus (HIV) epidemic.
Children often present with serious and multisystem disease
(miliary tuberculosis). All children should be assessed for risk of
tuberculosis at health maintenance visits, especially after 1 year
of age. The high-risk groups, as defined by the CDC, are listed
in Table 9-3. In general the standardized purified protein deriva-
tive intradermal test is used with evaluation by a health care pro-
vider 48 to 72 hours after injection. The size of induration, not
the color of any mark, denotes a positive test. For most patients,

Table 9-2 | Lead Poisoning Risk Assessment Questions
to be Asked between 6 Months and 6 Years

Does the child spend any time in a building built before 1960
(e.g., home, school, barn) that has cracked or peeling paint?

Is there a brother, sister, housemate, playmate, or community
member being followed or treated (or even rumored to be) for
lead poisoning?

Does the child live with an adult whose job or hobby involves
exposure to lead (e.g., lead smelting and automotive radiator repair)?

Does the child live near an active lead smelter, battery recycling
plant, or other industry likely to release lead?

Does the family use home remedies or pottery from another
country?

Table 9-3 | Groups at High Risk for Tuberculosis

Close contact with persons known to have tuberculosis (TB),
positive TB test, or suspected to have TB

Foreign-born persons from areas with high TB rates (Asia, Africa,
Latin America, Eastern Europe, Russia)

Health care workers

High-risk racial or ethnic minorities or other populations at higher
risk (Asian, Pacific Islander, Hispanic, African American, Native
American, groups living in poverty [e.g., Medicaid recipients],
migrant farm workers, homeless persons, substance abusers)

Infants, children, and adolescents exposed to adults in high-risk
categories

10 mm of induration is a positive test. For HIV-positive patients,
those with recent tuberculosis contacts, patients with evidence
of old healed tuberculosis on chest film, or immunosuppressed
patients, 5 mm is a positive test (see Chapter 124). The CDC has
approved (in adults) the QuantiFERON-TB Gold Test, which
has the advantage of needing one office visit only.

Cholesterol

Children and adolescents who have a family history of cardio-
vascular disease or have at least one parent with a high blood
cholesterol level are at increased risk of having high blood
cholesterol levels as adults and increased risk of coronary
heart disease. The American Academy of Pediatrics (AAP)
recommends dyslipidemia screening in the context of regu-
lar health care for at-risk populations (Table 9-4) by obtaining
a fasting lipid profile. The recommended screening levels are
the same for all children 2 to 18 years. Total cholesterol of less
than 170 mg/dL is normal, 170 to 199 mg/dL is borderline,
and greater than 200 mg/dL is elevated. In addition, in 2011,
the AAP endorsed the National Heart, Lung, and Blood Insti-
tute of the National Institutes of Health recommendation to
test all children between ages 9 and 11.

Sexually Transmitted Infection Testing

Annual office visits are recommended for adolescents. A full
adolescent psychosocial history should be obtained in con-
fidential fashion (see Section 12). Part of this evaluation is a
comprehensive sexual history that often requires creative ques-
tioning. Not all adolescents identify oral sex as sex, and some
adolescents misinterpret the term sexually active to mean that
one has many sexual partners or is very vigorous during inter-
course. The questions, “Are you having sex?” and “Have you
ever had sex?” should be asked. In the Bright Futures guide-
lines, any child or adolescent who has had any form of sexual
intercourse should have at least an annual evaluation (more
often if there is a history of high-risk sex) for sexually trans-
mitted diseases by physical examination (genital warts, genital
herpes, and pediculosis) and laboratory testing (chlamydia,
gonorrhea, syphilis, and HIV) (see Chapter 116). Young
women should be assessed for human papillomavirus and pre-
cancerous lesions by Papanicolaou smear at 21 years of age.

IMMUNIZATIONS

Immunization records should be checked at each office visit,
regardless of the reason. Appropriate vaccinations should be
administered (see Chapter 94).

Table 9-4 | Cholesterol Risk Screening
Recommendations

Risk screening at ages 2, 4, 6, 8, 10 and annually in adolescence:

1. Children and adolescents who have a family history of high
cholesterol or heart disease

2. Children whose family history is unknown

3. Children who have other personal risk factors: obesity, high
blood pressure, or diabetes

Universal screening at ages 9-11 and ages 18-20
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DENTAL CARE

Many families in the United States, particularly poor families
and ethnic minorities, underuse dental health care. Pediatri-
cians may identify gross abnormalities, such as large caries,
gingival inflammation, or significant malocclusion. All chil-
dren should have a dental examination by a dentist at least
annually and a dental cleaning by a dentist or hygienist every
6 months. Dental health care visits should include instruc-
tion about preventive care practiced at home (brushing and
flossing). Other prophylactic methods shown to be effective at
preventing caries are concentrated fluoride topical treatments
(dental varnish) and acrylic sealants on the molars. Pediatric
dentists recommend beginning visits at age 1 year to educate
families and to screen for milk bottle caries. Some recommend
that pediatricians apply dental varnish to the children’s teeth,
especially in communities that do not have pediatric dentists.
Fluoridation of water or fluoride supplements in communities
that do not have fluoridation are important in the prevention
of cavities (see Chapter 127).

NUTRITIONAL ASSESSMENT

Plotting a child’s growth on the standard charts is a vital com-
ponent of the nutritional assessment. A dietary history should
be obtained because the content of the diet may suggest a risk
of nutritional deficiency (see Chapters 27 and 28).

ANTICIPATORY GUIDANCE

Anticipatory guidance is information conveyed to parents ver-
bally, in written materials, or even directing parents to certain
Internet websites to assist them in facilitating optimal growth
and development for their children. Anticipatory guidance
that is age relevant is another part of the Bright Futures guide-
lines. Bright Futures has a “toolkit” that includes the topics
and one-page handouts for families (and for older children)
about the highest yield issues for the specific age. Table 9-5
summarizes representative issues that might be discussed. It
is important to review briefly the safety topics previously dis-
cussed at other visits for reinforcement. Age-appropriate dis-
cussions should occur at each visit.

Safety Issues
The most common cause of death for infants 1 month to 1 year
of age is motor vehicle crashes. No newborn should be dis-
charged from a nursery unless the parents have a functioning
and properly installed car seat. Many automobile dealerships
offer services to parents to ensure that safety seats are installed
properly in their specific model. Most states have laws that
mandate use of safety seats until the child reaches 4 years of
age or at least 40 pounds in weight. The following are age-
appropriate recommendations for car safety:

o Infants and toddlers should ride in a rear-facing safety
seat until they are 2 years of age, or until they reach
the highest weight or height allowed by the safety seat
manufacturer.

« Toddlers and preschoolers over age 2 or who have
outgrown the rear-facing car seat should use a forward-
facing car seat with harness for as long as possible, up
to the highest weight or height recommended by the
manufacturer.

o School-age children, whose weight or height is above
the forward-facing limit for their car seat, should use a
belt-positioning booster seat until the vehicle seat belt
fits properly, typically when they have reached 4 ft 9 in. in
height and are between 8 and 12 years of age.

o Older children should always use lap and shoulder seat
belts for optimal protection. All children younger than
13 years should be restrained in the rear seats of vehicles
for optimal protection. This is specifically to protect them
from airbags, which may cause more injury than the crash
in young children.

The Back to Sleep initiative has reduced the incidence of sud-
den infant death syndrome (SIDS). Before the initiative, infants
routinely were placed prone to sleep. Since 1992 when the AAP
recommended this program, the annual SIDS rate has decreased
by more than 50%. Another initiative is aimed at day care pro-
viders, because 20% of SIDS deaths occur in day care settings.

Fostering Optimal Development

See Table 9-5 as well as the Bright Futures’ recommendations
(found at http://brightfutures.aap.org/clinical_practice.html)
for presentation of age-appropriate activities that the pediatri-
cian may advocate for families.

Discipline means to teach, not merely to punish. The ulti-
mate goal is the child’s self-control. Overbearing punishment
to control a child’s behavior interferes with the learning process
and focuses on external control at the expense of the devel-
opment of self-control. Parents who set too few reasonable
limits may be frustrated by children who cannot control their
own behavior. Discipline should teach a child exactly what is
expected by supporting and reinforcing positive behaviors and
responding appropriately to negative behaviors with proper
limits. It is more important and effective to reinforce good
behavior than to punish bad behavior.

Commonly used techniques to control undesirable behav-
iors in children include scolding, physical punishment, and
threats. These techniques have potential adverse effects on
children’s sense of security and self-esteem. The effectiveness
of scolding diminishes the more it is used. Scolding should not
be allowed to expand from an expression of displeasure about
a specific event to derogatory statements about the child.
Scolding also may escalate to the level of psychological abuse.
It is important to educate parents that they have a good child
who does bad things from time to time, so parents do not think
and tell the child that he or she is “bad?”

Frequent mild physical punishment (corporal punishment)
may become less effective over time and tempt the parent to
escalate the physical punishment, increasing the risk of child
abuse. Corporal punishment teaches a child that in certain sit-
uations it is proper to strike another person. Commonly in
households that use spanking, older children who have been
raised with this technique are seen responding to younger sib-
ling behavioral problems by hitting their siblings.

Threats by parents to leave or to give up the child are per-
haps the most psychologically damaging ways to control a
child’s behavior. Children of any age may remain fearful and
anxious about loss of the parent long after the threat is made;
however many children are able to see through empty threats.
Threatening a mild loss of privileges (no video games for 1
week or grounding a teenager) may be appropriate, but the
consequence must be enforced if there is a violation.
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Table 9-5 | Anticipatory Guidance Topics Suggested by Age

INJURY SLEEP NUTRITIONAL FOSTERING OPTIMAL
AGES PREVENTION VIOLENCE PREVENTION  POSITION COUNSELING DEVELOPMENT
Birth and/  Crib safety Assess bonding and Back to sleep  Exclusive breastfeeding Discuss parenting skills
or3-5 Hot water heaters  attachment Crib safety encouraged Refer for parenting education
days <120° F Identify family strife, lack of Formula as a second-best
Car safety seats support, pathology option
Smoke detectors  Educate parents on
nurturing
2 weeks or  Falls Reassess” Back to sleep  Assess breastfeeding and Recognize and manage
1 month Discuss sibling rivalry offer encouragement, postpartum blues
Assess if guns in the home problem solving Child care options
2months  Burns/hot liquids ~ Reassess firearm safety Back to sleep Parent getting enough rest and
managing returning to work
4 months  Infant walkers Reassess Back to sleep  Introduction of solid Discuss central to peripheral
Choking/ foods motor development
suffocation Praise good behavior
6 months  Burns/hot surfaces Reassess Assess status Consistent limit-setting versus
“spoiling” an infant
Praise good behavior
9 months  Water safety Assess parents’ ideas on Avoiding juice Assisting infants to sleep through
Home safety discipline and “spoiling” Begin to encourage the night if not accomplished
review practice with cup Praise good behavior
Ingestions/ drinking
poisoning
12 months  Firearm hazards Discuss timeout versus Introduction of whole Safe exploration
Auto-pedestrian corporal punishment cow’s milk (and Proper shoes
safety Avoiding media violence constipation with change  Praise good behavior
Review firearm safety discussed)
Assess anemia, discuss
iron-rich foods
15 months  Review and Encourage nonviolent Discuss decline in eating ~ Fostering independence
reassess topics punishments (timeout or with slower growth Reinforce good behavior
natural consequences) Assess food choices and  Ignore annoying but not unsafe
variety behaviors
18 months  Review and Limit punishment to high Discuss food choices, Preparation for toilet training
reassess topics yield (not spilled milk!) portions, “finicky” Reinforce good behavior
Parents consistent in feeders
discipline
2 years Falls—play Assess and discuss any Assess body proportions  Toilet training and resistance
equipment aggressive behaviors in the and recommend low-fat
child milk
Assess family cholesterol
and atherosclerosis risk
3years Review and Review, especially avoiding Discuss optimal eating Read to child
reassess topics media violence and the food pyramid Socializing with other children
Healthy snacks Head Start if possible
4 years Booster seat Healthy snacks Read to child
versus seat belts Head Start or pre-K options
5 years Bicycle safety Developing consistent, Assess for anemia Reinforcing school topics
Water/pool safety  clearly defined family rules Discuss iron-rich foods Read to child
and consequences Library card
Avoiding media violence Chores begun at home
6 years Fire safety Reinforce consistent Assess content, offer Reinforcing school topics
discipline specific suggestions After-school programs
Encourage nonviolent Responsibility given for chores
strategies (and enforced)
Assess domestic violence
Avoiding media violence
7-10years Sports safety Reinforcement Assess content, offer Reviewing homework and

Firearm hazard

Assess domestic violence
Assess discipline techniques
Avoiding media violence
Walking away from fights
(either victim or spectator)

specific suggestions

reinforcing school topics
After-school programs
Introduce smoking and
substance abuse prevention
(concrete)
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Table 9-5 | Anticipatory Guidance Topics Suggested by Age—cont’d

INJURY SLEEP NUTRITIONAL FOSTERING OPTIMAL
AGES PREVENTION VIOLENCE PREVENTION  POSITION COUNSELING DEVELOPMENT
11-13 Review and Discuss strategies to avoid Junk food versus healthy  Reviewing homework and
years reassess interpersonal conflicts eating reinforcing school topics
Avoiding media violence Smoking and substance abuse
Avoiding fights and walking prevention (begin abstraction)
away Discuss and encourage
Discuss conflict resolution abstinence; possibly discuss
techniques condoms and contraceptive
options
Avoiding violence
Offer availability
14-16 Motor vehicle Establish new family Junk food versus healthy  Review school work
years safety rules related to curfews, eating Begin career discussions and
Avoiding riding school, and household college preparation (PSAT)
with substance responsibilities Review substance abuse,
abuser sexuality, and violence regularly
Discuss condoms, contraception
options, including emergency
contraception
Discuss sexually transmitted
diseases, HIV
Providing no questions—asked
ride home from at-risk situations
17-21 Review and Establish new rules related Heart healthy diet for life  Continuation of above topics
years reassess to driving, dating, and Off to college or employment

substance abuse

New roles within the family

HIV, Human immunodeficiency virus; PSAT, Preliminary Scholastic Aptitude Test.

*Reassess means to review the issues discussed at the prior health maintenance visit.

Parenting involves a dynamic balance between setting lim-
its on the one hand and allowing and encouraging freedom
of expression and exploration on the other. A child whose
behavior is out of control improves when clear limits on their
behavior are set and enforced. However parents must agree
on where the limit will be set and how it will be enforced.
The limit and the consequence of breaking the limit must
be clearly presented to the child. Enforcement of the limit
should be consistent and firm. Too many limits are difficult
to learn and may thwart the normal development of auton-
omy. The limit must be reasonable in terms of the child’s
age, temperament, and developmental level. To be effective,
both parents (and other adults in the home) must enforce
limits. Otherwise, children may effectively split the parents
and seek to test the limits with the more indulgent parent.
In all situations, to be effective, punishment must be brief
and linked directly to a behavior. More effective behavioral
change occurs when punishment also is linked to praise of
the intended behavior.

Extinction is an effective and systematic way to eliminate a
frequent, annoying, and relatively harmless behavior by ignor-
ing it. First parents should note the frequency of the behavior
to appreciate realistically the magnitude of the problem and to
evaluate progress. Parents must determine what reinforces the
child’s behavior and what needs to be consistently eliminated.
An appropriate behavior is identified to give the child a posi-
tive alternative that the parents can reinforce. Parents should
be warned that the annoying behavior usually increases in fre-
quency and intensity (and may last for weeks) before it decreases
when the parent ignores it (removes the reinforcement). A child
who has an attention-seeking temper tantrum should be ignored
or placed in a secure environment. This action may anger the

child more, and the behavior may get louder and angrier. Even-
tually with no audience for the tantrum, the tantrums decrease
in intensity and frequency. In each specific instance, when the
child’s behavior has become appropriate, he or she should be
praised, and extra attention should be given. This is an effective
technique for early toddlers, before their capacity to understand
and adhere to a timeout.

The timeout consists of a short period of isolation imme-
diately after a problem behavior is observed. Timeout inter-
rupts the behavior and immediately links it to an unpleasant
consequence. This method requires considerable effort by the
parents because the child does not wish to be isolated. A par-
ent may need to hold the child physically in timeout. In this
situation, the parent should become part of the furniture and
should not respond to the child until the timeout period is
over. When established, a simple isolation technique, such as
making a child stand in the corner or sending a child to his
or her room, may be effective. If such a technique is not help-
ful, a more systematic procedure may be needed. One effective
protocol for the timeout procedure involves interrupting the
child’s play when the behavior occurs and having the child sit
in a dull, isolated place for a brief period, measured by a por-
table kitchen timer (the clicking noises document that time
is passing and the bell alarm at the end signals the end of the
punishment). Timeout is simply punishment and is not a time
for a young child to think about the behavior (these children
do not possess the capacity for abstract thinking) or a time
to de-escalate the behavior. The amount of timeout should be
appropriate to the child’s short attention span. One minute
per year of a child’s age is recommended. This inescapable and
unpleasant consequence of the undesired behavior motivates
the child to learn to avoid the behavior.
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EVALUATION OF THE
CHILD WITH SPECIAL
NEEDS

Children with disabilities, severe chronic illnesses, con-
genital defects, and health-related educational and behav-
ioral problems are children with special health care needs
(SHCN). Many of these children share a broad group of
experiences and encounter similar problems, such as school
difficulties and family stress. The term children with special
health care needs defines these children noncategorically,
without regard to specific diagnoses, in terms of increased
service needs. Approximately 19% of children in the United
States younger than 18 years of age have a physical, devel-
opmental, behavioral, or emotional condition requiring ser-
vices of a type or amount beyond those required by children,
generally.

The goal in managing a child with SHCN is to maximize
the child’s potential for productive adult functioning by
treating the primary diagnosis and by helping the patient
and family deal with the stresses and secondary impairments
incurred because of the disease or disability. Whenever
a chronic disease is diagnosed, family members typically
grieve, show anger, denial, negotiation (in an attempt to
forestall the inevitable), and depression. Because the child
with SHCN is a constant reminder of the object of this grief,
it may take family members a long time to accept the con-
dition. A supportive physician can facilitate the process of
acceptance by education and by allaying guilty feelings and
fear. To minimize denial, it is helpful to confirm the fami-
ly’s observations about the child. The family may not be able
to absorb any additional information initially, so written
material and the option for further discussion at a later date
should be offered.

The primary physician should provide a medical home
to maintain close oversight of treatments and subspecialty
services, provide preventive care, and facilitate interac-
tions with school and community agencies. A major goal of
family-centered care is for the family and child to feel in con-
trol. Although the medical management team usually directs
treatment in the acute health care setting, the locus of con-
trol should shift to the family as the child moves into a more
routine, home-based life. Treatment plans should allow the
greatest degree of normalization of the child’s life. As the child
matures, self-management programs that provide health edu-
cation, self-efficacy skills, and techniques such as symptom
monitoring help promote good long-term health habits. These
programs should be introduced at 6 or 7 years of age or when
a child is at a developmental level to take on chores and benefit
from being given responsibility. Self-management minimizes
learned helplessness and the vulnerable child syndrome, both
of which occur commonly in families with chronically ill or
disabled children.

MULTIFACETED TEAM ASSESSMENT
OF COMPLEX PROBLEMS
When developmental screening and surveillance suggest the
presence of significant developmental lags, the physician should
take responsibility for coordinating the further assessment of
the child by the team of professionals and provide continuity of
care. The physician should become aware of local facilities and
programs for assessment and treatment. If the child is at high
risk for delay (e.g., prematurity), a structured follow-up program
to monitor the child’s progress may already exist. Under federal
law, all children are entitled to assessments if there is a suspected
developmental delay or a risk factor for delay (e.g., prematurity,
failure to thrive, and parental mental retardation [MR]). Spe-
cial programs for children up to 3 years of age are developed
by states to implement this policy. Developmental interventions
are arranged in conjunction with third-party payers with local
programs funding the cost only when there is no insurance cov-
erage. After 3 years of age, development programs usually are
administered by school districts. Federal laws mandate that spe-
cial education programs be provided for all children with devel-
opmental disabilities from birth through 21 years of age.
Children with special needs may be enrolled in pre-K pro-
grams with a therapeutic core, including visits to the program
by therapists, to work on challenges. Children who are of tra-
ditional school age (kindergarten through secondary school)
should be evaluated by the school district and provided an
individualized educational plan (IEP) to address any defi-
ciencies. An IEP may feature individual tutoring time (resource
time), placement in a special education program, placement in
classes with children with severe behavioral problems, or other
strategies to address deficiencies. As part of the comprehensive
evaluation of developmental/behavioral issues, all children
should receive a thorough medical assessment. A variety of
other specialists may assist in the assessment and intervention,
including subspecialist pediatricians (e.g., neurology, orthope-
dics, psychiatry, developmental/behavioral), therapists (e.g.,
occupational, physical, oral-motor), and others (e.g., psychol-
ogists, early childhood development specialists).

Medical Assessment

The physician’s main goals in team assessment are to identify the
cause of the developmental dysfunction, if possible (often a spe-
cific cause is not found), and identify and interpret other medical
conditions that have a developmental impact. The comprehen-
sive history (Table 10-1) and physical examination (Table 10-2)
include a careful graphing of growth parameters and an accurate
description of dysmorphic features. Many of the diagnoses are
rare or unusual diseases or syndromes. Many of these diseases
and syndromes are discussed further in Sections 9 and 24.

Motor Assessment

The comprehensive neurologic examination is an excellent
basis for evaluating motor function, but it should be supple-
mented by an adaptive functional evaluation (see Chapter
179). Observing the child at play aids assessment of function.
Specialists in early childhood development and therapists
(especially occupational and physical therapists who have
experience with children) can provide excellent input into the
evaluation of age-appropriate adaptive function.



Table 10-1
ITEM

Parental concerns

Current levels of
developmental
functioning

Temperament

PRENATAL HISTORY

Alcohol ingestion

Exposure to medication,
illegal drug, or toxin

Radiation exposure
Nutrition

Prenatal care

Injuries, hyperthermia
Smoking

HIV exposure

Maternal illness
(so-called “TORCH"
infections)

PERINATAL HISTORY

Gestational age, birth
weight

Labor and delivery

APGAR scores

Specific perinatal
adverse events

NEONATAL HISTORY

IlIness—seizures,

respiratory distress,
hyperbilirubinemia,
metabolic disorder

Malformations

FAMILY HISTORY

Consanguinity

POSSIBLE SIGNIFICANCE

Parents are quite accurate in identifying
development problems in their children.

Should be used to monitor child’s
progress

May interact with disability or may be
confused with developmental delay

Fetal alcohol syndrome; index of
caregiving risk

Development toxin (e.g., phenytoin);
may be an index of caregiving risk

Damage to CNS
Inadequate fetal nutrition
Index of social situation
Damage to CNS
Possible CNS damage
Congenital HIV infection

Toxoplasmosis, Syphilis (Other in the
mnemonic), Rubella, Cytomegalovirus,
Herpes simplex virus infections

Biologic risk from prematurity and small
for gestational age

Hypoxia or index of abnormal prenatal
development

Hypoxia, cardiovascular impairment

Increased risk of CNS damage

Increased risk of CNS damage

May represent genetic syndrome or new
mutation associated with developmental
delay

Autosomal recessive condition more
likely
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ITEM

Mental functioning

llinesses (e.g.,
metabolic diseases)

Family member died
young or unexpectedly

Family member requires

special education
SOCIAL HISTORY

Resources available
(e.g., financial, social
support)

Educational level of
parents

Mental health problems

High-risk behaviors
(e.g., illicit drugs, sex)

Other stressors (e.g.,
marital discord)

OTHER HISTORY
Gender of child

Developmental
milestones

Head injury

Serious infections (e.g.,
meningitis)

Toxic exposure (e.g.,
lead)

Physical growth
Recurrent otitis media
Visual and auditory

functioning

Nutrition

Chronic conditions such

as renal disease

Information to Be Sought during the History Taking of a Child with Suspected Developmental Disabilities

POSSIBLE SIGNIFICANCE

Increased hereditary and environmental
risks

Hereditary illness associated with
developmental delay

May suggest inborn error of metabolism
or storage disease

Hereditary causes of developmental
delay

Necessary to maximize child’s potential

Family may need help to provide
stimulation.

May exacerbate child’s conditions

Increased risk for HIV infection; index of
caregiving risk

May exacerbate child’s conditions or
compromise care

Important for X-linked conditions

Index of developmental delay;
regression may indicate progressive
condition.

Even moderate trauma may be
associated with developmental delay or
learning disabilities.

May be associated with developmental
delay

May be associated with developmental
delay

May indicate malnutrition; obesity, short
stature, genetic syndrome

Associated with hearing loss and
abnormal speech development

Sensitive index of impaired vision and
hearing

Malnutrition during infancy may lead to
delayed development.

May be associated with delayed
development or anemia

Adapted and updated from Liptak G: Mental retardation and developmental disability. In Kliegman RM, editor: Practical Strategies in Pediatric Diagnosis and

Therapy, Philadelphia, 1996, WB Saunders.
CNS, Central nervous system; HIV, human immunodeficiency virus.

Psychological Assessment

Psychological assessment includes the testing of cognitive abil-
ity (Table 10-3) and the evaluation of personality and emotional
well-being. The IQ and mental age scores, taken in isolation,
are only partially descriptive of a person’s functional abilities,
which are a combination of cognitive, adaptive, and social
skills. Tests of achievement are subject to variability based on
culture, educational exposures, and experience and must be
standardized for social factors. Projective and non-projective
tests are useful in understanding the child’s emotional status.

Although a child should not be labeled as having a problem
solely on the basis of a standardized test, these tests provide
important and reasonably objective data for evaluating a child’s
progress within a particular educational program.

Educational Assessment

Educational assessment involves the evaluation of areas of
specific strengths and weaknesses in reading, spelling, written
expression, and mathematical skills. Schools routinely screen
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Table 10-2

Growth and Development

Developmental Disabilities

ITEM

General appearance

STATURE

Short stature

Obesity

Large stature
HEAD
Macrocephaly

Microcephaly

FACE

Coarse, triangular,
round, or flat face;
hypotelorism or
hypertelorism, slanted
or short palpebral
fissure; unusual nose,
maxilla, and mandible

EYES

Prominent
Cataract

Cherry-red spot in
macula

Chorioretinitis
Corneal cloudiness

EARS

Pinnae, low set or
malformed

Hearing

HEART

Structural anomaly or
hypertrophy

POSSIBLE SIGNIFICANCE

May indicate significant delay in
development or obvious syndrome

Williams syndrome, malnutrition, Turner
syndrome; many children with severe
retardation have associated short stature.

Prader-Willi syndrome

Sotos syndrome

Alexander syndrome, Sotos syndrome,
gangliosidosis, hydrocephalus,
mucopolysaccharidosis, subdural effusion

Virtually any condition that can retard
brain growth (e.g., malnutrition, Angelman
syndrome, de Lange syndrome, fetal
alcohol effects)

Specific measurements may provide clues
to inherited, metabolic, or other diseases
such as fetal alcohol syndrome, cri du chat
syndrome (5p- syndrome), or Williams
syndrome.

Crouzon syndrome, Seckel syndrome,
fragile X syndrome

Galactosemia, Lowe syndrome, prenatal
rubella, hypothyroidism

Gangliosidosis (GM;), metachromatic
leukodystrophy, mucolipidosis, Tay-Sachs
disease, Niemann-Pick disease, Farber
lipogranulomatosis, sialidosis Il

Congenital infection with cytomegalovirus,
toxoplasmosis, or rubella

Mucopolysaccharidosis | and I, Lowe
syndrome, congenital syphilis

Trisomies such as 18, Rubinstein-Taybi
syndrome, Down syndrome, CHARGE
association, cerebro-oculo-facio-skeletal
syndrome, fetal phenytoin effects

Loss of acuity in mucopolysaccharidosis;
hyperacusis in many encephalopathies

CHARGE association, CATCH-

22, velocardiofacial syndrome,
glycogenosis Il fetal alcohol effects,
mucopolysaccharidosis I; chromosomal
anomalies such as Down syndrome;
maternal phenylketonuria; chronic
cyanosis may impair cognitive
development.

ITEM
LIVER
Hepatomegaly

GENITALIA

Macro-orchidism
(usually not noted
until puberty)

Hypogenitalism

EXTREMITIES

Hands, feet,
dermatoglyphics, and
creases

Joint contractures

SKIN

Café au lait spots

Eczema

Hemangiomas and
telangiectasia

Hypopigmented
macules, streaks,
adenoma sebaceum

HAIR

Hirsutism

NEUROLOGIC

Asymmetry of
strength and tone

Hypotonia

Hypertonia

Ataxia

Information to Be Sought during the Physical Examination of a Child with Suspected

POSSIBLE SIGNIFICANCE

Fructose intolerance, galactosemia,
glycogenosis types | to IV,
mucopolysaccharidosis | and Il, Niemann-
Pick disease, Tay-Sachs disease, Zellweger
syndrome, Gaucher disease, ceroid
lipofuscinosis, gangliosidosis

Fragile X syndrome

Prader-Willi syndrome, Klinefelter
syndrome, CHARGE association

May indicate specific entity such as
Rubinstein-Taybi syndrome or be
associated with chromosomal anomaly

Sign of muscle imbalance around joints
(e.g., with meningomyelocele, cerebral
palsy, arthrogryposis, muscular dystrophy;
also occurs with cartilaginous problems
such as mucopolysaccharidosis)

Neurofibromatosis, tuberous sclerosis,
Bloom syndrome

Phenylketonuria, histiocytosis

Sturge-Weber syndrome, Bloom
syndrome, ataxia-telangiectasia

Tuberous sclerosis, hypomelanosis of Ito

de Lange syndrome,
mucopolysaccharidosis, fetal phenytoin
effects, cerebro-oculo-facio-skeletal
syndrome, trisomy 18 syndrome

Focal lesion, cerebral palsy

Prader-Willi syndrome, Down syndrome,
Angelman syndrome, gangliosidosis, early
cerebral palsy

Neurodegenerative conditions involving
white matter, cerebral palsy, trisomy 18
syndrome

Ataxia-telangiectasia, metachromatic
leukodystrophy, Angelman syndrome

Adapted and updated from Liptak G: Mental retardation and developmental disability. In Kliegman RM, Greenbaum LA, Lye PS, editors: Practical Strategies in
Pediatric Diagnosis and Therapy, ed 2, Philadelphia, 2004, Saunders, p 540.
CATCH-22, Cardiac defects, abnormal face, thymic hypoplasia, cleft palate, hypocalcemia, defects on chromosome 22; CHARGE, coloboma, heart defects, atresia
choanae, retarded growth, genital anomalies, ear anomalies (deafness).
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Table 10-3 | Tests of Cognition

SPECIAL FEATURES

Mental, psychomotor scales, behavior record; weak intelligence predictor
Used to extend Stanford-Binet downward

Used by many pediatricians

Six subscales; based on Piaget's stages; weak in predicting later
intelligence

Four area scores, with subtests and composite |Q score

6-18 subtests; good at defining learning disabilities; strengths/weaknesses

approach

11 subtests; verbal, performance 1Qs; long administration time; good at
defining learning disabilities

19 subtests cover language skills, motor skills, manual dexterity, and

matching ability

Special nonverbal composite; short administration time

Four area scores, with subtests and composite |Q score

See comments on WPPSI-R

Nonverbal measure of intelligence ideal for use with those who are

cognitively delayed, non-English speaking, hearing impaired, speech
impaired, or autistic

See comments on WPPSI-R

Special nonverbal composite; short administration time

Interview/questionnaire; typical persons and blind, deaf, developmentally

delayed, and retarded

TEST AGE RANGE
INFANT SCALES
Bayley Scales of Infant Development (3rd ed) 1-42 mo
Cattell Infant Intelligence Scale 2-30 mo
Gesell Developmental Observation-Revised Birth-3 yr
(GDO-R)
Ordinal Scales of Infant Psychological Birth-24 mo
Development
PRESCHOOL SCALES
Stanford-Binet Intelligence Scale (4th ed) 2 yr-adult
McCarthy Scales of Children’s Abilities 2V2-8Y2 yr
Wechsler Primary and Preschool Test of 2 YVo=7Ya yr
Intelligence-Revised (WPPSI-R)
Merrill-Palmer Scale of Mental Tests 18 mo—4 yr
Differential Abilities Scale — Il (2nd ed) 2Y>-18 yr
SCHOOL-AGE SCALES
Stanford-Binet Intelligence Scale (4th ed) 2 yr-adult
Wechsler Intelligence Scale for Children (4th ed) 6-16yr
(WISC IV)
Leiter International Performance Scale, Revised ~ 2-20 yr
Wechsler Adult Intelligence Scale-Revised 16 yr—adult
(WAIS-III)
Differential Abilities Scale — Il (2nd ed) 2V yr—adult
ADAPTIVE BEHAVIOR SCALES
Vineland Adaptive Behavior Scale - Il (2nd ed) Birth—90 yr
American Association on Mental Retardation 4-21yr

(AAMR) Adaptive Behavioral Scale

Useful in mental retardation, other disabilities

children with grouped tests to aid in problem identification
and program evaluation. For the child with special needs,
this screening ultimately should lead to individualized testing
and the development of an IEP that would enable the child to
progress comfortably in school. Diagnostic teaching, in which
the child’s response to various teaching techniques is assessed,
also may be helpful.

Social Environment Assessment

Assessments of the environment in which the child is living,
working, playing, and growing are important in understanding
the child’s development. A home visit by a social worker, com-
munity health nurse, and/or home-based intervention special-
ist can provide valuable information about the child’s social
milieu. Often the home visitor can suggest additional adaptive
equipment or renovations if there are challenges at home. If
there is a suspicion of inadequate parenting, and, especially, if
there is a suspicion of neglect or abuse (including emotional
abuse), the child and family must be referred to the local child
protection agency. Information about reporting hotlines and

local child protection agencies usually is found inside the front
cover of local telephone directories (see Chapter 22).

MANAGEMENT OF DEVELOPMENTAL
PROBLEMS

Intervention in the Primary Care Setting

The clinician must decide whether a problem requires referral
for further diagnostic workup and management or whether
management in the primary care setting is appropriate. Coun-
seling roles required in caring for these children are listed in
Table 10-4. When a child is young, much of the counseling
interaction takes place between the parents and the clinician,
and, as the child matures, direct counseling shifts increasingly
toward the child.

The assessment process may be therapeutic in itself. By
assuming the role of a nonjudgmental, supportive listener,
the clinician creates a climate of trust, allowing the family to
express difficult or painful thoughts and feelings. Expressing
emotions may allow the parent or caregiver to move on to the
work of understanding and resolving the problem.
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Table 10-4 | Primary Care Counseling Roles

Allow ventilation

Facilitate clarification

Support patient problem solving
Provide specific reassurance

Provide education

Provide specific parenting advice
Suggest environmental interventions
Provide follow-up

Facilitate appropriate referrals

Coordinate care and interpret reports after referrals

Interview techniques may facilitate clarification of the
problem for the family and for the clinician. The family’s
ideas about the causes of the problem and attempts at cop-
ing can provide a basis for developing strategies for problem
management that are much more likely to be implemented
successfully because they emanate, in part, from the family.
The clinician shows respect by endorsing the parent’s ideas
when appropriate; this can increase self-esteem and sense of
competency.

Educating parents about normal and aberrant development
and behavior may prevent problems through early detection
and anticipatory guidance and communicates the physician’s
interest in hearing parental concerns. Early detection allows
intervention before the problem becomes entrenched and
associated problems develop.

The severity of developmental and behavioral problems
ranges from variations of normal to problematic responses to
stressful situations to frank disorders. The clinician must try
to establish the severity and scope of the patient’s symptoms
so that appropriate intervention can be planned.

Counseling Principles

For the child, behavioral change must be learned, not simply
imposed. It is easiest to learn when the lesson is simple, clear,
and consistent and presented in an atmosphere free of fear or
intimidation. Parents often try to impose behavioral change
in an emotionally charged atmosphere, most often at the time
of a behavioral violation. Similarly clinicians may try to teach
parents with hastily presented advice when the parents are
distracted by other concerns or not engaged in the suggested
behavioral change.

Apart from management strategies directed specifically at
the problem behavior, regular times for positive parent-child
interaction should be instituted. Frequent, brief, affectionate
physical contact over the day provides opportunities for posi-
tive reinforcement of desirable child behaviors and for build-
ing a sense of competence in the child and the parent.

Most parents feel guilty when their children have a devel-
opmental/behavioral problem. Guilt may be caused by the fear
that the problem was caused by inadequate parenting or by
previous angry responses to the child’s behavior. If possible
and appropriate, the clinician should find ways to alleviate
guilt, which may be a serious impediment to problem solving.

Interdisciplinary Team Intervention

In many cases, a team of professionals is required to provide
the breadth and quality of services needed to appropriately
serve the child who has SHCN. The primary care physician
should monitor the progress of the child and continually reas-
sess that the requisite therapy is being accomplished.

Educational intervention for a young child begins as
home-based infant stimulation, often with an early childhood
specialist (e.g., nurse/therapist), providing direct stimulation
for the child and training the family to provide the stimula-
tion. As the child matures, a center-based nursery program
may be indicated. For the school-age child, special services
may range from extra attention in the classroom to a self-con-
tained special education classroom.

Psychological intervention may be directed to the parent
or family or, with an older child, primarily child-directed.
Examples of therapeutic approaches are guidance therapies,
such as directive advice giving, counseling to create their own
solutions to problems, psychotherapy, behavioral manage-
ment techniques, psychopharmacologic methods (from a psy-
chiatrist), and cognitive therapy.

Motor intervention may be performed by a physical or
occupational therapist. Neurodevelopmental therapy (NDT),
the most commonly used method, is based on the concept
that nervous system development is hierarchical and subject
to some plasticity. The focus of NDT is on gait training and
motor development, including daily living skills; perceptual
abilities, such as eye-hand coordination; and spatial relation-
ships. Sensory integration therapy is also used by occupational
therapists to structure sensory experience from the tactile,
proprioceptive, and vestibular systems to allow for adaptive
motor responses.

Speech-language intervention by a speech and language
therapist/pathologist (oral-motor therapist) is usually part of
the overall educational program and is based on the tested lan-
guage strengths and weaknesses of the child. Children needing
this type of intervention may show difficulties in reading and
other academic areas and develop social and behavioral prob-
lems because of their difficulties in being understood and in
understanding others. Hearing intervention, performed by
an audiologist (or an otolaryngologist), includes monitoring
hearing acuity and providing amplification when necessary
via hearing aids.

Social and environmental intervention generally includes
nursing or social work involvement with the family. Fre-
quently the task of coordinating services falls to these spe-
cialists. Case managers may be in the private sector, from
the child’s insurance or Medicaid plan, or part of a child
protection agency.

Medical intervention for a child with a developmental
disability involves providing primary care as well as spe-
cific treatment of conditions associated with the disability.
Although curative treatment often is not possible, functional
impairment can be minimized through thoughtful medical
management. Certain general medical problems are found
more frequently in delayed and developmentally disabled
people (Table 10-5), especially if the delay is part of a known
syndrome. Some children may have a limited life expectancy.
Supporting the family through palliative care, hospice, and
bereavement is another important role of the primary care
pediatrician.
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Table 10-5 | Recurring Medical Issues in Children with
Developmental Disabilities

PROBLEM
Motor

Diet

Sensory
impairments

Dermatologic

Dentistry

Behavioral
problems

Seizures

Infectious
diseases

Gastrointestinal
problems

Sexuality

Other syndrome-
specific problems

Advocacy for
services and
enhancing access
to care

ASK ABOUT OR CHECK

Range of motion examination; scoliosis
check; assessment of mobility; interaction
with orthopedist, physical medicine and
rehabilitation (PM&R), and physical therapist/
occupational therapist as needed

Dietary history, feeding observation,

growth parameter measurement and
charting, supplementation as indicated by
observations, oro-motor therapist as needed

Functional vision and hearing screening;
interaction as needed with ophthalmologist,
audiologist

Examination of all skin areas for decubitus
ulcers or infection

Examination of teeth and gums; confirmation
of access to dental care (preferably with ability
to use sedation)

Aggression, self-injury, pica; sleep problems;
psychotropic drug levels and side effects

Major motor, absence, other suspicious
symptoms; monitoring of anticonvulsant levels
and side effects

Ear infections, diarrhea, respiratory symptoms,
aspiration pneumonia, immunizations
(especially hepatitis B and influenza)

Constipation, gastroesophageal reflux,
gastrointestinal bleeding (stool for occult

blood)

Sexuality education, preventing abuse,
hygiene, contraception, menstrual
suppression, genetic counseling

Ongoing evaluation of other “physical”
problems as indicated by known mental
retardation/developmental disability etiology

Educational program, family supports,
financial supports, legislative advocacy to
support programs

SELECTED CLINICAL PROBLEMS: THE
SPECIAL NEEDS CHILD
Mental Retardation

MR is defined as significantly subnormal intellectual func-
tioning for a child’s developmental stage, existing concurrently
with deficits in adaptive behaviors (self-care, home living,
communication, and social interactions). MR is defined sta-
tistically as cognitive performance that is two standard devi-
ations below the mean (roughly below the 3rd percentile) of
the general population as measured on standardized intelli-
gence testing. The last known estimate of the prevalence of MR
is that about 2% of the U.S. population is affected. Levels of
MR from IQ scores derived from two typical tests are shown
in Table 10-6. Caution must be exercised in interpretation
because these categories do not reflect actual functional level
of the tested individual.

The etiology of the central nervous system insult resulting
in MR may involve genetic disorders, teratogenic influences,

Table 10-6 | Levels of Mental Retardation

LEVEL OF ICD-10 IQ WISC-IV IQ EDUCATIONAL
RETARDATION SCORE SCORE LABEL
Mild 50-69 50-55to 70 Educable

mentally
retarded (EMR)
Moderate 35-49 35-40 to 50-55  Trainable
mentally
retarded (TMR)
Severe 20-34 20-25 to 35-50
Profound <20 <20-25

ICD-10, International Classification of Diseases (WHO), ed 10; WISC-IV.
Wechsler Intelligence Scale for children, ed 4.

perinatal insults, acquired childhood disease, and environ-
mental and social factors (Table 10-7). Mild MR correlates
with socioeconomic status, although profound MR does not.
Although a single organic cause may be found, each indi-
vidual’s performance should be considered a function of the
interaction of environmental influences with the individuals
organic substrate. Behavioral difficulties resulting from the MR
itself and from the family’s reaction to the child and the con-
dition are common. More severe forms of MR can be traced to
biologic factors. The earlier the cognitive slowing is recognized,
the more severe the deviation from normal is likely to be.

The first step in the diagnosis and management of a child
with MR is to identify functional strengths and weaknesses for
purposes of medical and habilitative therapies. A history and
physical examination may suggest a diagnostic approach that,
then, may be confirmed by laboratory testing and/or imaging.
Frequently used laboratory tests include chromosomal analy-
sis and magnetic resonance imaging of the brain. Almost one
third of individuals with MR do not have readily identifiable
reasons for their disability.

Vision Impairment

Significant visual impairment is a problem in many children.
Partial vision (defined as visual acuity between 20/70 and
20/200) occurs in 1 in 500 school-age children in the United
States. Legal blindness is defined as distant visual acuity
of 20/200 or worse and affects about 35,000 children in the
United States. Such impairment can be a major barrier to opti-
mal development.

The most common cause of severe visual impairment in
children is retinopathy of prematurity (see Chapter 61). Con-
genital cataracts may lead to significant amblyopia. Cataracts
also are associated with other ocular abnormalities and devel-
opmental disabilities. Amblyopia is a pathologic alteration of
the visual system characterized by a reduction in visual acuity
in one or both eyes with no clinically apparent organic abnor-
mality that completely accounts for the visual loss. Amblyo-
pia is due to a distortion of the normal clearly formed retinal
image (from congenital cataracts or severe refractive errors);
abnormal binocular interaction between the eyes as one eye
competitively inhibits the other (strabismus); or a combina-
tion of both mechanisms. Albinism, hydrocephalus, congen-
ital cytomegalovirus infection, and birth asphyxia are other
significant contributors to blindness in children.
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Table 10-7 | Differential Diagnosis of Mental
Retardation

EARLY ALTERATIONS OF EMBRYONIC DEVELOPMENT

Sporadic events affecting embryogenesis, usually a stable
developmental challenge

Chromosomal changes (e.g., trisomy 21 syndrome)

Prenatal influences (e.g., substance abuse, teratogenic
medications, intrauterine TORCH infections)

UNKNOWN CAUSES

No definite issue is identified, or multiple elements present, none
of which is diagnostic (may be multifactorial)

ENVIRONMENTAL AND SOCIAL PROBLEMS

Dynamic influences, commonly associated with other challenges
Deprivation (neglect)

Parental mental illness

Environmental intoxications (e.g., significant lead intoxication)”
PREGNANCY PROBLEMS AND PERINATAL MORBIDITY

Impingement on normal intrauterine development or delivery;
neurologic abnormalities frequent, challenges are stable or
occasionally worsening

Fetal malnutrition and placental insufficiency

Perinatal complications (e.g., prematurity, birth asphyxia, birth
trauma)

HEREDITARY DISORDERS

Preconceptual origin, variable expression in the individual infant,
multiple somatic effects, frequently a progressive or degenerative
course

Inborn errors of metabolism (e.g., Tay-Sachs disease, Hunter
disease, phenylketonuria)

Single-gene abnormalities (e.g., neurofibromatosis or tuberous
sclerosis)

Other chromosomal aberrations (e.g., fragile X syndrome, deletion
mutations such as Prader-Willi syndrome)

Polygenic familial syndromes (pervasive developmental disorders)
ACQUIRED CHILDHOOD ILLNESS

Acute modification of developmental status, variable potential for
functional recovery

Infections (all can ultimately lead to brain damage, but most
significant are encephalitis and meningitis)

Cranial trauma (accidental and child abuse)
Accidents (e.g., near-drowning, electrocution)

Environmental intoxications (prototype is lead poisoning)

TORCH, Toxoplasmosis, other (congenital syphilis), rubella, cytomegalovirus,
and herpes simplex virus.

*Some health problems fit in several categories (e.g., lead intoxication may be
involved in several areas).

This also may be considered as an acquired childhood disease.

Children with mild to moderate visual impairment usu-
ally have an uncorrected refractive error. The most common
presentation is myopia or nearsightedness. Other causes are
hyperopia (farsightedness) and astigmatism (alteration in the
shape of the cornea leading to visual distortion). In children
younger than 6 years, high refractive errors in one or both eyes
also may cause amblyopia, aggravating visual impairment.

The diagnosis of severe visual impairment commonly is made
when an infant is 4 to 8 months of age. Clinical suspicion is based

on parental concerns aroused by unusual behavior, such as lack
of smiling in response to appropriate stimuli, the presence of
nystagmus, other wandering eye movements, or motor delays
in beginning to reach for objects. Fixation and visual tracking
behavior can be seen in most infants by 6 weeks of age. This
behavior can be assessed by moving a brightly colored object
(or the examiner’s face) across the visual field of a quiet but alert
infant at a distance of 1 ft. The eyes also should be examined for
red reflexes and pupillary reactions to light. Optical alignment
(binocular vision with both eyes consistently focusing on the
same spot) should not be expected until the infant is beyond
the newborn period. Persistent nystagmus is abnormal at any
age. If ocular abnormalities are identified, referral to a pediatric
ophthalmologist is indicated.

During the newborn period, vision may be assessed by
physical examination and by visual evoked response. This test
evaluates the conduction of electrical impulses from the optic
nerve to the occipital cortex of the brain. The eye is stimulated
by a bright flash of light or with an alternating checkerboard of
black-and-white squares, and the resulting electrical response
is recorded from electrodes strategically placed on the scalp,
similar to an electroencephalogram.

There are many developmental implications of visual
impairment. Perception of body image is abnormal, and imi-
tative behavior, such as smiling, is delayed. Delays in mobility
may occur in children who are visually impaired from birth,
although their postural milestones (ability to sit) usually are
achieved appropriately. Social bonding with the parents also
is often affected.

Visually impaired children can be helped in various ways.
Classroom settings may be augmented with resource-room
assistance to present material in a nonvisual format. Fine
motor activity development, listening skills, and Braille read-
ing and writing are intrinsic to successful educational inter-
vention for a child with severe visual impairment.

Hearing Impairment

< Decision-Making Algorithm
¢ Available @ StudentConsult.com

Hearing Loss

The clinical significance of hearing loss varies with its type
(conductive versus sensorineural), its frequency, and its sever-
ity as measured in the number of decibels heard or the number
of decibels of hearing lost. The most common cause of mild to
moderate hearing loss in children is a conduction abnormal-
ity caused by acquired middle ear disease (acute and chronic
otitis media). This abnormality may have a significant effect
on the development of speech and language development,
particularly if there is chronic fluctuating middle ear fluid. If
hearing impairment is more severe, sensorineural hearing loss
is more common. Causes of sensorineural deafness include
congenital infections (e.g., rubella and cytomegalovirus),
meningitis, birth asphyxia, kernicterus, ototoxic drugs (espe-
cially aminoglycoside antibiotics), and tumors and their treat-
ments. Genetic deafness may be either dominant or recessive
in inheritance; this is the main cause of hearing impairment
in schools for the deaf. In Down syndrome, there is a predis-
position to conductive loss caused by middle ear infection



SEVERITY
OF HEARING
LOSS

Slight 15-25 dB
(ASA)

Mild 25-40 dB
(ASA)

Moderate 40-65
dB (ASA)

Severe 65-95 dB
(ASA)

Profound =95
dB (ASA)

POSSIBLE
ETIOLOGIC
ORIGINS

Chronic otitis media/
middle ear effusions

Perforation of
tympanic membrane
Sensorineural loss

Tympanosclerosis

Chronic otitis media/
middle ear effusions

Perforation of
tympanic membrane

Sensorineural loss
Tympanosclerosis
Chronic otitis media/
middle ear effusions

Middle ear anomaly

Sensorineural loss

Sensorineural loss

Severe middle ear
disease

Sensorineural or
mixed loss

SPEECH-LANGUAGE

Difficulty with hearing
distant or faint speech

Difficulty with
conversational speech
over 3-5 ft

May have limited
vocabulary and speech
disorders

Conversation must be
loud to be understood.

Defective speech

Deficient language use
and comprehension

Loud voices may be
heard 2 ft from ear.

Defective speech and
language

No spontaneous
speech development if
loss present before 1 yr

Relies on vision rather
than hearing
Defective speech and
language

Speech and language
will not develop
spontaneously if loss
present before 1 yr.
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Table 10-8 | Neurodevelopmental-Behavioral Complications of Hearing Loss

COMPLICATIONS

EDUCATIONAL

Possible auditory
learning dysfunction

May reveal a slight
verbal deficit

May miss 50% of
class discussions

Auditory learning
dysfunction

Learning disability

Difficulty with group
learning or discussion

Auditory processing
dysfunction

Limited vocabulary

Marked educational
retardation

Marked learning
disability, limited
vocabulary

Marked learming
disability because of
lack of understanding
of speech

BEHAVIORAL

Psychological problems

May act inappropriately if
directions are not heard

Acting out behavior

Poor self-concept

Emotional and social

Behavioral reactions of

Poor self-concept

Emotional and social
problems that are
associated with handicap

Poor self-concept

Congenital and
prelingually deaf may
show severe emotional

TYPES OF
THERAPY

May require favorable
class setting, speech
therapy, or auditory
training

Possible value in
hearing aid, surgery
Favorable class
setting

Special education
resource help,
surgery

Hearing aid, surgery

Favorable class
setting

Lip reading
instruction
Speech therapy

Special education
resource or special
class, surgery

Special help in
speech-language
development

Hearing aid and lip
reading

Speech therapy

Full-time special
education for deaf
children, cochlear
implant

Full-time special
education for deaf
children, hearing aid,
lip reading, speech
therapy, surgery,
cochlear implant

Full-time special
education for deaf
children, hearing aid,
lip reading, speech
therapy, surgery,
cochlear implant

Adapted and updated from Gottlieb MI: Otitis media. In Levine MD, Carey WB,

WB Saunders.

ASA, Acoustical Society of America.

and sensorineural loss caused by cochlear disease. Any hear-
ing loss may have a significant effect on the child’s developing
communication skills. These skills then affect all areas of the

child’s cognitive and skills development (Table 10-8).

It is sometimes quite difficult to accurately determine the
presence of hearing in infants and young children. Inquir-
ing about a newborn’s or infant’s response to sounds or even
observing the response to sounds in the office is unreliable for

Crocker AC, et al, editors: Developmental-Behavioral Pediatrics, Philadelphia, 1983,

identifying hearing-impaired children. Universal screening of

the following:

newborns is required prior to nursery discharge and includes

+ Auditory brainstem response (ABR) measures how

the brain responds to sound. Clicks or tones are played

through soft earphones into the infant’s ears. Three

response.

electrodes placed on the infant’s head measure the brain’s
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« Otoacoustic emissions measure sound waves produced in
the inner ear. A tiny probe is placed just inside the infant’s
ear canal. It measures the response (echo) when clicks or
tones are played into the infant’s ears.

Both of these tests are quick (5 to 10 minutes), painless, and
may be performed while the infant is sleeping or lying still.
The tests are sensitive but not as specific as more definitive
tests. Infants who do not pass these tests are referred for more
comprehensive testing. Many of these infants have normal
hearing on definitive testing. Infants who do not have normal
hearing should be immediately evaluated or referred for etio-
logic diagnosis and early intervention.

For children not screened at birth (such as children of
immigrant parents) or children with suspected acquired hear-
ing loss, later testing may allow early appropriate intervention.
Hearing can be screened by means of an office audiogram, but
other techniques are needed (ABR, behavior audiology) for
young, neurologically immature or impaired, and behaviorally
difficult children. The typical audiologic assessment includes
pure-tone audiometry over a variety of sound frequencies
(pitches), especially over the range of frequencies in which
most speech occurs. Pneumatic otoscopic examination and
tympanometry are used to assess middle ear function and the
tympanic membrane compliance for pathology in the middle
ear, such as fluid, ossicular dysfunction, and eustachian tube
dysfunction (see Chapter 9).

The treatment of conductive hearing loss (largely due to
otitis media and middle ear effusions) is discussed in Chapter
105. Treatment of sensorineural hearing impairment may be
medical or surgical. If amplification is indicated, hearing aids
can be tuned preferentially to amplify the frequency ranges in
which the patient has decreased acuity. Educational interven-
tion typically includes speech-language therapy and teaching
American Sign Language. Even with amplification, many hear-
ing-impaired children show deficits in processing auditory
information, requiring special educational services for helping
to read and for other academic skills. Cochlear implants are
surgically implantable devices that provide hearing sensation to
individuals with severe to profound hearing loss. The implants
are designed to substitute for the function of the middle ear,
cochlear mechanical motion, and sensory cells, transforming
sound energy into electrical energy that initiates impulses in
the auditory nerve. Cochlear implants are indicated for chil-
dren older than 12 months with profound bilateral sensorineu-
ral hearing loss who have limited benefit from hearing aids,
have failed to progress in auditory skill development, and have
no radiologic or medical contraindications. Implantation in
children as young as possible gives them the most advanta-
geous auditory environment for speech-language learning.

Speech-Language Impairment

Parents often bring the concern of speech delay to the phy-
sician’s attention when they compare their young child with
others of the same age (Table 10-9). The most common causes
of the speech delay are MR, hearing impairment, social depri-
vation, autism, and oral-motor abnormalities. If a problem
is suspected based on screening with tests such as Ages and
Stages Questionnaires or the Parents’ Evaluation of Develop-
mental Status test (see Chapter 8) or other standard screening
test (Early Language Milestone Scale), a referral to a special-
ized hearing and speech center is indicated. While awaiting

Table 10-9 | Clues to When a Child with a
Communication Disorder Needs Help
0-11 MONTHS

Before 6 months, the child does not startle, blink, or change
immediate activity in response to sudden, loud sounds.

Before 6 months, the child does not attend to the human voice and
is not soothed by his or her mother’s voice.

By 6 months, the child does not babble strings of consonant and
vowel syllables or imitate gurgling or cooing sounds.

By 10 months, the child does not respond to his or her name.

At 10 months, the child’s sound-making is limited to shrieks, grunts,
or sustained vowel production.

12-23 MONTHS

At 12 months, the child’s babbling or speech is limited to vowel
sounds.

By 15 months, the child does not respond to “no,” “bye-bye,” or
"bottle.”

By 15 months, the child does not imitate sounds or words.
By 18 months, the child is not consistently using at least six words

with appropriate meaning.

"

By 21 months, the child does not respond correctly to “Give me . . .,
“Sit down,” or “Come here” when spoken without gestural cues.

By 23 months, two-word phrases that are spoken as single units
(e.g., "whatszit,” “thankyou,” "allgone”) have not emerged.

24-36 MONTHS

By 24 months, at least 50% of the child’s speech is not understood
by familiar listeners.

By 24 months, the child does not point to body parts without
gestural cues.

By 24 months, the child is not combining words into phrases (e.g.,

"go bye-bye,” “go car,” "want cookie”).

By 30 months, the child does not show understanding of spatial
concepts: on, in, under, front, and back.

By 30 months, the child is not using short sentences (e.g., “Daddy
went bye-bye”).

By 30 months, the child has not begun to ask questions (using
where, what, why).

By 36 months, the child’s speech is not understood by unfamiliar
listeners.

ALL AGES

At any age, the child is consistently dysfluent with repetitions,
hesitations; blocks or struggles to say words. Struggle may be
accompanied by grimaces, eye blinks, or hand gestures.

Adapted and updated from Weiss CE, Lillywhite HE: Communication Disorders:
a handbook for prevention and early detection, St Louis, 1976, Mosby.

the results of testing or initiation of speech-language therapy,
parents should be advised to speak slowly and clearly to the
child (and avoid baby talk). Parents and older siblings should
read frequently to the speech-delayed child.

Speech disorders include articulation, fluency, and reso-
nance disorders. Articulation disorders include difficulties
producing sounds in syllables or saying words incorrectly to
the point that other people cannot understand what is being
said. Fluency disorders include problems such as stuttering,
the condition in which the flow of speech is interrupted by
abnormal stoppages, repetitions (st-st-stuttering), or prolonging



sounds and syllables (ssssstuttering). Resonance or voice disor-
ders include problems with the pitch, volume, or quality of a
child’s voice that distract listeners from what is being said.

Language disorders can be either receptive or expressive.
Receptive disorders refer to difficulties understanding or
processing language. Expressive disorders include difficulty
putting words together, limited vocabulary, or inability to use
language in a socially appropriate way.

Speech-language pathologists (speech or oral-motor thera-
pists) assess the speech, language, cognitive communication,
and swallowing skills of children; determine what types of
communication problems exist; and identify the best way to
treat these challenges. Speech-language pathologists skilled
at working with infants and young children are also vital in
training parents and infants in other oral-motor skills, such as
how to feed an infant born with a cleft lip and palate.

Speech-language therapy involves having a speech-language
specialist work with a child on a one-on-one basis, in a small
group, or directly in a classroom to overcome a specific disor-
der using a variety of therapeutic strategies. Language inter-
vention activities involve having a speech-language specialist
interact with a child by playing and talking to him or her,
using pictures, books, objects, or ongoing events to stimulate
language development. Articulation therapy involves having
the therapist model correct sounds and syllables for a child,
often during play activities.

Children enrolled in therapy early (<3 years of age) tend
to have better outcomes than children who begin therapy
later. Older children can make progress in therapy, but prog-
ress may occur more slowly because these children often have
learned patterns that need to be modified or changed. Parental
involvement is crucial to the success of a child’s progress in
speech-language therapy.

Cerebral Palsy

Decision-Making Algorithms
Available @ StudentConsult.com

Limp

In-Toeing, Out-Toeing, and Toe-Walking
Bowlegs and Knock-Knees

Hypotonia and Weakness

Cerebral palsy (CP) refers to a group of nonprogressive, but
often changing, motor impairment syndromes secondary to
anomalies or lesions of the brain arising before or after birth.
The prevalence of CP at age 8 in the United States is 3.6 per
1000; prevalence is much higher in premature and twin births.
Prematurity and low birth weight infants (leading to peri-
natal asphyxia), congenital malformations, and kernicterus
are causes of CP noted at birth. Ten percent of children with
CP have acquired CP, developing at later ages. Meningitis
and head injury (accidental and nonaccidental) are the most
common causes of acquired CP (Table 10-10). Nearly 50% of
children with CP have no identifiable risk factors. As genomic
medicine advances, many of these causes of idiopathic CP may
be identified.

Most children with CP, except in its mildest forms, are diag-
nosed in the first 18 months of life when they fail to attain
motor milestones or show abnormalities such as asymmetric
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Table 10-10 | Risk Factors for Cerebral Palsy

PREGNANCY AND BIRTH
Low socioeconomic status
Prematurity
Low birth weight/fetal growth retardation (<1500 g at birth)
Maternal seizures/seizure disorder
Treatment with thyroid hormone, estrogen, or progesterone
Pregnancy complications
Polyhydramnios
Eclampsia

Third-trimester bleeding (including threatened abortion and
placenta previa)

Multiple births

Abnormal fetal presentation

Maternal fever
Congenital malformations/syndromes
Newborn hypoxic-ischemic encephalopathy
Bilirubin (kernicterus)
ACQUIRED AFTER THE NEWBORN PERIOD
Meningitis
Head injury

Car crashes

Child abuse

Near-drowning

Stroke

Table 10-11 | Descriptions of Cerebral Palsy by Site
of Involvement

Hemiparesis (hemiplegia)—predominantly unilateral impairment of
the arm and leg on the same (e.g., right or left) side

Diplegia—motor impairment primarily of the legs (often with some
limited involvement of the arms; some authors challenge this
specific type as not being different from quadriplegia)

Quadriplegia—all four limbs (whole body) are functionally
compromised.

gross motor function, hypertonia, or hypotonia. CP can be
characterized further by the affected parts of the body (Table
10-11) and descriptions of the predominant type of motor
disorder (Table 10-12). Comorbidities in these children often
include epilepsy, learning difficulties, behavioral challenges,
and sensory impairments. Many of these children have an iso-
lated motor defect. Some affected children may be intellectu-
ally gifted.

Treatment depends on the pattern of dysfunction. Phys-
ical and occupational therapy can facilitate optimal posi-
tioning and movement patterns, increasing function of the
affected parts. Spasticity management also may include oral
medications (dantrolene, benzodiazepines, and baclofen),
botulinum toxin injections, and implantation of intrathecal
baclofen pumps. Management of seizures, spasticity, orthope-
dic impairments, and sensory impairments may help improve
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Table 10-12 | Classification of Cerebral Palsy by Type
of Motor Disorder

Spastic cerebral palsy: the most common form of cerebral palsy,
it accounts for 70%-80% of cases. It results from injury to the
upper motor neurons of the pyramidal tract. It may occasionally
be bilateral. It is characterized by at least two of the following:
abnormal movement pattern, increased tone, or pathologic
reflexes (e.g., Babinski response, hyperreflexia).

Dyskinetic cerebral palsy: occurs in 10%-15% of cases. It is
dominated by abnormal patterns of movement and involuntary,
uncontrolled, recurring movements.

Ataxic cerebral palsy: accounts for <5% of cases. This form results
from cerebellar injury and features abnormal posture or movement
and loss of orderly muscle coordination or both.

Dystonic cerebral palsy: also uncommon. It is characterized by
reduced activity and stiff movement (hypokinesia) and hypotonia.

Choreoathetotic cerebral palsy: rare now that excessive
hyperbilirubinemia is aggressively prevented and treated.
This form is dominated by increased and stormy movements
(hyperkinesia) and hypotonia.

Mixed cerebral palsy: accounts for 10%-15% of cases. This term
is used when more than one type of motor pattern is present and
when one pattern does not clearly dominate another. It typically
is associated with more complications, including sensory deficits,
seizures, and cognitive-perceptual impairments.

educational attainment. CP cannot be cured, but a host of
interventions can improve functional abilities, participation
in society, and quality of life. Like all children, an assessment
and reinforcement of strengths are important, especially for
intellectually intact or gifted children who have simple motor
deficits.
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Chapter 11

CRYING AND COLIC

Infant crying, a sign of pain, distress, hunger, or fatigue, is
interpreted by caregivers according to the context of the cry-
ing. The cry just after birth heralds the infant’s health and
vigor. The screams of the same infant, 6 weeks later, may be
interpreted as a sign of illness, difficult temperament, or poor
parenting. Crying is a manifestation of infant arousal influ-
enced by the environment and interpreted through the lens of
the family, social, and cultural context.

NORMAL DEVELOPMENT

Crying is best understood by the characteristics of timing,
duration, frequency, intensity, and modifiability of the cry
(Fig. 11-1). Most infants cry little during the first 2 weeks of
life, gradually increasing to 3 hours per day by 6 weeks and
decreasing to 1 hour per day by 12 weeks.

Cry duration differs by culture and infant care practices.
For example, !Kung San hunter—gatherer infants, who are con-
tinuously carried and fed four times per hour, cry 50% less
than infants in the United States. Crying may also relate to
health status. Premature infants cry little before 40 weeks ges-
tational age but tend to cry more than term infants at 6 weeks’
corrected age. Crying behavior in former premature infants
also may be influenced by ongoing medical conditions, such as
bronchopulmonary dysplasia, visual impairments, and feed-
ing disorders. The duration of crying is often modifiable by
caregiving strategies.

Frequency of crying is less variable than duration of crying.
At 6 weeks of age, the mean frequency of combined crying and
fussing is 10 episodes in 24 hours. Diurnal variation in crying
is the norm, with crying concentrated in the late afternoon
and evening.

The intensity of infant crying varies, with descriptions
ranging from fussing to screaming. An intense infant cry
(pitch and loudness) is more likely to elicit concern or even
alarm from parents and caregivers than an infant who frets
more quietly. Pain cries of newborns are remarkably loud:
80 dB at a distance of 30.5 cm from the infant’s mouth.
Although pain cries have a higher frequency than hunger
cries, when not attended to for a protracted period, hunger
cries become acoustically similar to pain cries. Fortunately
most infant crying is of a lesser intensity, consistent with
fussing.

CcoLic

Colic often is diagnosed using Wessel’s rule of threes—crying
for more than 3 hours per day, at least 3 days per week, for
more than 3 weeks. The limitations of this definition include
the lack of specificity of the word crying (e.g., does this include
fussing?) and the necessity to wait 3 weeks to make a diagnosis
in an infant who has excessive crying. Colicky crying is often
described as paroxysmal and may be characterized by facial
grimacing, leg flexion, and passing flatus.

Etiology

Fewer than 5% of infants evaluated for excessive crying have
an organic etiology. Because the etiology of colic is unknown,
this syndrome may represent the extreme of the normal phe-
nomenon of infant crying. Nonetheless evaluation of infants
with excessive crying is warranted.

Epidemiology

Cumulative incidence rates of colic vary from 5% to 19% in dif-
ferent studies. Girls and boys are affected equally. Studies vary by
how colic is defined and by data collection methodology, such
as maintaining a cry diary or actual recording of infant vocal-
izations. Concern about infant crying also varies by culture, and
this may influence what is recorded as crying or fussing.
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Figure 11-1 Distribution of total crying time among 80 infants stud-
ied from 2 to 12 weeks of age. Data derived from daily crying diaries
recorded by mothers. (From Brazelton TB: Crying in infancy. Pediatrics

29:582, 1962.)
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Clinical Manifestations

> Decision-Making Algorithm
¢ Available @ StudentConsult.com

Irritable Infant

The clinician who evaluates a crying infant must differentiate
serious disease from colic, which has no identifiable etiology.
The history includes a description of the crying, including
duration, frequency, intensity, and modifiability. Associated
symptoms, such as leg flexion, facial grimacing, vomiting, or
back arching, should be identified. Other important historical
clues include the onset, diurnal pattern, any changes in qual-
ity, and triggers or activities that relieve crying. A review of
systems can identify or eliminate other serious illnesses. Med-
ical history also is important because infants with perinatal
problems are at increased risk for neurologic causes of cry-
ing. Attention to the feeding history can reveal feeding-related
problems, including hunger, air swallowing (worsened by
crying), gastroesophageal reflux, and food intolerance. Ques-
tions concerning the family’s ability to handle the stress of the
infant’s crying and their knowledge of infant soothing strat-
egies assist the clinician in assessing risk for parental mental
health comorbidities and developing an intervention plan
suitable for the family.

The diagnosis of colic is made only when the physical
examination reveals no organic cause for the infant’s exces-
sive crying. The examination begins with vital signs, weight,
length, and head circumference, looking for effects of systemic

illness on growth. A thorough inspection of the infant is
important to identify possible sources of pain, including skin
lesions, corneal abrasions, hair tourniquets, skeletal infec-
tions, or signs of child abuse such as fractures (see Chapters
22 and 199). Infants with common conditions such as otitis
media, urinary tract infections, mouth ulcerations, and insect
bites may present with crying. A neurologic examination may
reveal previously undiagnosed neurologic conditions, such as
perinatal brain injuries, as the cause of irritability and crying.
Observation of the infant during a crying episode is invalu-
able to assess the infant’s potential for calming and the parents’
skills in soothing the infant.

Laboratory and imaging studies are reserved for infants in
whom there are history or physical examination findings sug-
gesting an organic cause for excessive crying. An algorithm
for the medical evaluation of an infant with excessive crying
inconsistent with colic is presented in Figure 11-2.

Differential Diagnosis

The differential diagnosis for colic is broad and includes any
condition that can cause pain or discomfort in the infant and
conditions associated with nonpainful distress, such as fatigue
or sensory overload. Cow’s milk protein intolerance, maternal
drug effects (including fluoxetine hydrochloride via breast-
feeding), and anomalous left coronary artery all have been
reported as causes of persistent crying. In addition, situations
associated with poor infant regulation, including fatigue, hun-
ger, parental anxiety, and chaotic environmental conditions,
may increase the risk of excessive crying. In most cases, the

INFANT WITH ACUTE EXCESSIVE CRYING

| History and physical examination |—>

Identify cause and treat
Ensure appropriate follow-up

| Urinalysis and urine culture

|—> |Urinary tract infection |

|Assess pattern, observe 1-2 hours |
|

[Crying ceases spontaneously | Crying persists

l l

Follow 24 hours in hospital or at home
Consider idiopathic crying episode

Consider:
*Radiologic studies
+Chemistry tests
*Pulse oximetry
*Toxicology tests
*Lumbar puncture

l

|

History of recurrent episodes
consistent with colic

l

|Treat for infantile colic

Figure 11-2 Algorithm for medi-
cal evaluation of infants with acute
excessive crying. (From Barr RG,
Hopkins B, Green JA, editors: Cry-

Continue observation, in hospital,
until crying stops or diagnosis made

ing complaints in the emergency
department. In Crying as a Sign, a
Symptom, and a Signal, London,

2000, MacKeith Press, p. 99.)
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cause of crying in infants is unexplained. If the condition
began before 3 weeks’ corrected age, the crying has a diurnal
pattern consistent with colic (afternoon and evening cluster-
ing), the infant is otherwise developing and thriving, and no
organic cause is found, a diagnosis of colic is indicated.

Treatment

The management of colic begins with education and demysti-
fication. When the family and the physician are reassured that
the infant is healthy, without infection, trauma, or underlying
disease, education about the normal pattern of infant crying is
appropriate. Learning about the temporal pattern of colic can
be reassuring; the mean crying duration begins to decrease at
6 weeks of age and decreases by half by 12 weeks of age. Colic
does not always resolve by 3 months of age. Approximately
15% of infants with colic continue to have excessive crying
after 3 months of age.

Helping families develop caregiving schedules for the infant’s
fussy period is useful. Techniques for calming infants include
soothing vocalizations or singing, swaddling, slow rhythmic
rocking, walking, white noise, and gentle vibration (e.g., a ride
in a car). Giving caregivers permission to allow the infant to rest
when soothing strategies are not working may alleviate over-
stimulation in some infants; this also relieves families of guilt
and allows them a wider range of responses to infant crying.
Avoidance of dangerous soothing techniques, such as shaking
the infant or placing the infant on a vibrating clothes dryer
(which has resulted in injury from falls), should be stressed.

Medications, including phenobarbital, diphenhydramine,
alcohol, simethicone, dicyclomine, and lactase, are of no ben-
efit in reducing colic and should be avoided. Parents, espe-
cially from Mexico and Eastern Europe, often use chamomile,
fennel, vervain, licorice, and balm-mint teas. These teas have
not been studied scientifically as remedies for colic. Families
should be counseled to limit the volume of tea given because
it displaces milk from the infant’s diet and may limit caloric
intake.

In most circumstances, dietary changes are not effective in
reducing colic but should be considered in certain specific cir-
cumstances. There is rationale for change to a non-cow’s milk
formula if the infant has signs of cow’s milk protein colitis.
If the infant is breastfeeding, the mother can eliminate dairy
products from her diet.

Prognosis

There is no evidence that infants with colic have adverse long-
term outcomes in health or temperament after the neonatal
period. Similarly infantile colic does not have untoward long-
term effects on maternal mental health. When colic subsides,
the maternal distress resolves. Rarely cases of child abuse have
been associated with inconsolable infant crying.

Prevention

Much can be done to prevent colic, beginning with education of
prospective parents about the normal pattern of infant crying.
Prospective parents often imagine that their infant will cry only
briefly for hunger. Increased contact and carrying of the infant
in the weeks before the onset of colic may decrease the dura-
tion of crying episodes. Similarly other soothing strategies may

be more effective if the infant has experienced them before the
onset of excessive crying. Infants who have been tightly swad-
dled for sleep and rest during the first weeks of life often calm
to swaddling during a crying episode; this is not true for infants
who have not experienced swaddling before a crying episode.
Parents also can be coached to learn to read their infant’s cues of
hunger, discomfort, boredom, or overstimulation. It is impor-
tant to understand that there are times when the infant’s cry is
not interpretable, and caregivers can do only their best.

Chapter 12

TEMPER TANTRUMS

A temper tantrum, defined as out-of-control behavior, includ-
ing screaming, stomping, hitting, head banging, falling down,
and other violent displays of frustration, can include breath-
holding, vomiting, and serious aggression, including biting.
Tantrums are seen most often when the young child experi-
ences frustration, anger, or simple inability to cope with a situ-
ation. Temper tantrums can be considered normal behavior in
1- to 3-year-old children, when the temper tantrum period is of
short duration and the tantrums are not manipulative in nature.

ETIOLOGY

Temper tantrums are believed to be a normal human devel-
opmental stage. Child temperament may be a determinant of
tantrum behavior.

EPIDEMIOLOGY

This behavior is common in children 18 months to 4 years of
age. In U.S. studies, 50% to 80% of 2- to 3-year-old children
have had regular tantrums, and 20% are reported to have daily
tantrums. The behavior appears to peak late in the third year
of life. Approximately 20% of 4-year-olds are still having regu-
lar temper tantrums, and explosive temper occurs in approx-
imately 5% of school-age children. Tantrums occur equally in
boys and girls during the preschool period.

CLINICAL MANIFESTATIONS

Temper tantrums are the most commonly reported behavioral
problem in 2- and 3-year-old children. The typical frequency
of tantrums is approximately one per week, with a great deal
of variability (Fig. 12-1). The duration of each tantrum is 2 to
5 minutes, and duration increases with age (Fig. 12-2). Help-
ing the family identify the typical antecedents of the child’s
tantrums is essential to evaluation and intervention. A child
who has tantrums only when he or she misses a routine nap
can be treated differently than a child who has frequent tan-
trums related to minor difficulties or disappointments.

The evaluation of a child who is having temper tantrums
requires a complete history, including perinatal and devel-
opmental information. Careful attention to the child’s daily
routines may reveal problems associated with hunger, fatigue,
inadequate physical activity, or overstimulation. A social
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Figure 12-1 Mean tantrum frequency per week. Children 1 to
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tantrum increases with the age of the child.

history is important, because family stress can exacerbate or
prolong what begins as a normal developmental phase. The
coexistence of other behavioral problems, such as sleep prob-
lems, learning problems, and social problems, suggests the
possibility of a more serious mental health disorder.

The physical examination focuses on discovering an under-
lying illness that could decrease the child’s ability to self-
regulate. A thorough examination of the skin to identify child
abuse is recommended (see Chapter 22). The neurologic exam-
ination identifies underlying brain disorders. Dysmorphic fea-
tures may reveal a genetic syndrome. Behavioral observations
reveal a child’s ability to follow instructions, play with age-
appropriate toys, and interact with parents and the clinician.

Laboratory studies screening for iron deficiency anemia
and lead exposure are important. Other laboratory and imag-
ing studies are performed only when the history and physi-
cal examination suggest a possible underlying etiology. Some
children with excessive tantrums should have a formal devel-
opmental evaluation.

DIFFERENTIAL DIAGNOSIS

Most children who have temper tantrums have no underlying
medical problem. Hearing loss and language delay may be asso-
ciated with temper tantrums. Children with brain injury and
other brain disorders are at increased risk for prolonged temper

tantrum behavior (in terms of actual tantrum duration and con-
tinued manifestation after the normal tantrum age). These chil-
dren include former premature infants and children with autism,
traumatic brain injury, cognitive impairment, and Prader-Willi
and Smith-Magenis syndromes. Children with rare conditions,
such as congenital adrenal hyperplasia and precocious puberty,
also may present with severe and persistent tantrums. Children
with intellectual disability may exhibit tantrums when their
developmental age is comparable to 3 to 4 years.

TREATMENT

Intervention begins with parental education about temper
tantrums, stressing that tantrums are a normal developmen-
tal phase. Parents may have unwarranted concerns about their
child’s mental health. The clinician can help parents understand
their role in helping the child move toward self-regulation of
frustration and anger. The environment can be structured to
limit toddler frustration; age-inappropriate demands on the
child; and hunger, fatigue, loneliness, or hyperstimulation. It
is important to review the child’s daily routine to understand
whether the child’s tantrums are communicating essential
unmet needs. Children who behave well all day at day care
and exhibit temper tantrums at home in the evening may be
signaling fatigue or need for parental attention. Identification
of underlying stress is the cornerstone of treatment because
many stressors can be eliminated. Parents may consider some
changes in the home environment so that they do not have to
say “No” to the child as frequently.

In some cases, parents inadvertently reinforce tantrum behav-
ior by complying with the child’s demands. The childs behav-
ior can be seen as manipulative or simply as learned behavior
from a prior successful experience. Parental ambivalence about
acceptable toddler behavior also may lead to inconsistent expec-
tations and restrictions. Helping parents clarify what behavior is
allowed and what is off limits can avert the temptation to give in
when the child screams loudly or publicly.

Distraction is an effective means of short-circuiting
impending tantrums. Physically removing the child from an
environment that is associated with the child’s difficulty is
sometimes helpful. Further behavioral interventions are rec-
ommended only after engaging in strategies to help the child
gain control by meeting basic needs, altering the environment,
and anticipating meltdowns. Recommended behavioral strat-
egies include behavior modification with positive and nega-
tive reinforcement or extinction. During the first week of any
behavioral intervention, tantrum behavior may increase. Par-
ents must be warned that it will probably get worse before it
gets better. At the same time that parents are working to extin-
guish or decrease the tantrums, it is important that they pro-
vide positive reinforcement for good behavior.

PREVENTION

Providing parents with knowledge about the temper tantrum
stage and strategies for assisting the child with emotional reg-
ulation is recommended at a health care maintenance visit
between 12 and 18 months of age. Regular routines for sleep-
ing, eating, and physical activity in a childproofed home (or
day care center) provided by well-rested and psychologically
healthy parents (or caregivers) usually result in a quick transi-
tion through this challenging period.
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Chapter 13

ATTENTION-DEFICIT/
HYPERACTIVITY
DISORDER

Attention deficit/hyperactivity disorder (ADHD) is a neurobe-
havioral disorder defined by symptoms of inattention, hyperac-
tivity, and impulsivity. Clinical guidelines emphasize the use of
the Diagnostic and Statistical Manual of Mental Health Disorders,
Fifth Edition, criteria (available at http://www.cdc.gov/ncbddd/
adhd/diagnosis.html) to diagnose ADHD. Diagnosis of children
up to the age of 16 years requires the presence of at least 6 symp-
toms of inattention or 6 symptoms of hyperactivity-impulsivity
for at least 6 months in two or more environments. Children
17 years of age and older must exhibit at least 5 symptoms of
inattention or at least 5 symptoms of hyperactivity-impulsivity.
Symptoms of inattention include: failing to pay close attention
to details, appearing to not listen when spoken to directly, fail-
ing to follow through on instructions or finish assigned work,
having difficulty sustaining attention during tasks or play, hav-
ing difficulty organizing tasks or activities, avoiding or disliking
activities that require sustained mental effort (e.g., schoolwork),
frequently losing things required for tasks and activities, becom-
ing easily distracted, and experiencing frequent forgetfulness in
daily activities. Symptoms of hyperactivity include: being fidgety
or restless, leaving a seat when expected to remain seated, run-
ning or climbing excessively in inappropriate situations, having
difficulty in playing quietly, acting as if “driven by a motor,” and
talking excessively. Symptoms of impulsivity include: blurting
out answers before a question has been completed, having dif-
ficulty awaiting his or her turn, and causing frequent interrup-
tions or intrusions. In addition, several symptoms must have
been present prior to 12 years of age; evidence of significant
impairment in social, academic, or work settings must occur;
and other mental disorders must be excluded.

ETIOLOGY

ADHD is multifactorial in origin, with genetic, neural, and
environmental contributions. Twin studies and family stud-
ies demonstrate high heritability (0.8) and greater risk of
developing ADHD in first-degree relatives. Candidate genes
include those involving the dopaminergic and noradrenergic
neurotransmitter systems. Neuroimaging studies (functional
magnetic resonance imaging and positron emission tomog-
raphy, commonly recognized as fMRI and PET, respectively)
have shown structural and functional differences, particu-
larly of the frontal lobes, inferior parietal cortex, basal gan-
glia, corpus callus, and cerebellar vermis. Prenatal exposure to
substances (e.g., nicotine, alcohol) and damage to the central
nervous system from trauma or infection increase the risk of
ADHD.

EPIDEMIOLOGY

U.S. prevalence rates for ADHD vary, depending on criteria
used and population studied, with rates typically in the 5% to

10% range. The male to female ratio is 2 to 6:1, with greater
male predominance for the hyperactive/impulsive and com-
bined types. Girls often present with inattentive symptoms
and are more likely to be underdiagnosed or to receive later
diagnoses. Symptoms of ADHD, particularly impulsivity and
inattention, persist into adolescence and adulthood in 60% to
80% of patients.

CLINICAL MANIFESTATIONS

ADHD is diagnosed clinically by history. Open-ended ques-
tions should focus on specific behaviors and their impact on
academic performance, family and peer relationships, safety,
self-esteem, and daily activities. Information should be gath-
ered from the family and the school via ADHD-specific rating
scales such as the Conners’ Rating Scales or the Vanderbilt
Rating Scales.

A physical examination is essential to identify medical
(e.g., neurologic, genetic) or developmental problems (e.g.,
cognitive impairment, language disorder, learning disabil-
ity, autism spectrum disorder) that may underlie, coexist,
or provide an alternative explanation for the child’s behav-
iors. Observation of the child, the parents, and their inter-
actions is part of the evaluation. Keep in mind that children
with ADHD can typically focus without hyperactivity in
environments with low stimulation and little distraction
(e.g., clinician’s office).

Laboratory and imaging studies are not routinely recom-
mended but may help exclude other conditions. Consider thy-
roid function studies, blood lead levels, genetic studies, and
brain imaging studies if indicated by medical history, environ-
mental history, or physical examination.

DIFFERENTIAL DIAGNOSIS

The clinician should first consider the child’s developmen-
tal level to determine whether the behaviors are within the
range of normal. Medical conditions, such as sleep disor-
dered breathing, seizure disorders, substance use, hyperthy-
roidism, lead intoxication, and sensory deficits, should be
considered as possible causes for a child’s hyperactivity and
distractibility. Inattention and hyperactivity may be present
as features of genetic disorders such as fragile X, 22q11.2
deletion syndrome, and neurofibromatosis 1. Chaotic liv-
ing situations or psychological stress (e.g., bullying, abuse)
can also lead to symptoms of hyperactivity, impulsivity, and
inattention. Children who have symptoms of ADHD in only
one setting may be having problems due to cognitive level,
level of emotional maturity, or feelings of well-being in that
setting.

More important, coexisting conditions are present in up to
60% of children with ADHD. These include psychiatric condi-
tions, particularly oppositional defiant disorder, conduct dis-
order, anxiety disorder, and depression; learning disabilities;
language disorders; and tic disorders. These conditions are
also part of the differential diagnosis of ADHD.

TREATMENT

Management begins with recognizing ADHD as a chronic
condition and educating affected children and their par-
ents about the diagnosis, treatment options, and prognosis.
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Table 13-1

0.5 mg/kg/d then increase to 1.2 mg/kg with max 1.4 mg/kg

FDA-Approved Medications for Attention-Deficit/Hyperactivity Disorder

INITIAL-MAXIMUM DOSE DURATION (h)

6
10

10-12

12

12

Apply for 9 h
6-8

At least 10-12

40 mg/d for adults and children weighing >154 Ib titrate up to 100 mg/d

GENERIC MEDICATION BRAND NAME
STIMULANTS
Mixed amphetamine salts ~ Adderall’ 2.5 mg—40 mg
Adderall XR* 5 mg-40 mg
Lisdexamfetamine Vyvanse 20 mg-70 mg
Methylphenidate Concerta 18-54 mg (<13 years)
Daytrana 18-72 mg (213 years)
Metadate CD 10 mg’-30 mg'
Methyl ER 20 mg-60 mg
Methylin 10 mg-60 mg
Ritalin® 5 mg-60 mg
Ritalin LA 5 mg-60 mg
Ritalin SR 20 mg-60 mg
20 mg-60 mg
pexmethylphenidate Focalin® 2.5mg-20 mg
Focalin XR 5mg-30 mg
NOREPINEPHRINE-REUPTAKE INHIBITOR
Atomoxetine Strattera
ALPHA AGONISTS
Clonidine Kapvay 0.1 mg/d-0.4 mg/d
Guanfacine Intuniv 1 mg/d-4 mg/d

At least 10-12
At least 10-12

Adapted from AAP: Implementing the key action statements: an algorithm and explanation for process of care for the evaluation, diagnosis, treatment, and

monitoring of ADHD in children and adolescents. Pediatrics SI1-S121, 2011.
*Available in generic form.

TDosages for the dermal patch are not equivalent to those of the oral preparations.

Anticipatory guidance includes providing proactive strategies
to mediate adverse effects on learning, school functioning,
social relationships, family life, and self-esteem. Children with
ADHD respond to behavioral management, including struc-
ture, routine, consistency in adult responses to their behaviors,
and appropriate behavioral goals. Children also benefit when
parents and clinicians work with teachers to address the child’s
needs. Daily behavior report cards and accommodations may
be helpful. Social skills training or additional mental health
treatments may assist some children with behavior change
or preservation of self-esteem, particularly when they have
coexisting developmental or mental health conditions also
requiring treatment.

Stimulant medications (methylphenidate or amphetamine
compounds) are the first-line agents for treatment of ADHD
due to extensive evidence of effectiveness and safety. Stimulant
medications are available in short-acting, intermediate-act-
ing, and long-acting forms. Preparations include liquid, tab-
lets, capsules, and a transdermal patch. These options allow
the clinician to tailor the choice of medication to the child’s
needs. Nonstimulant medications, including atomoxetine
(norepinephrine-reuptake inhibitor), guanfacine, or clonidine
(alpha agonists), may be helpful in situations such as nonre-
sponse to stimulant medication, family preference, concerns
about medication abuse or diversion, and coexisting tic or
sleep problems. ADHD medication options are listed in Table
13-1. Common side effects include appetite suppression and
sleep disturbance with stimulant medications, gastrointestinal
tract symptoms with atomoxetine, and sedation with alpha
agonists. These side effects usually can be managed by careful
adjustment of medication dosage and timing. Screening (by
history and exam) for cardiac disease and monitoring of car-
diac status is prudent given concerns raised by a retrospective

study suggesting extremely rare but slightly increased odds of
sudden cardiac death in those taking stimulant medication.

COMPLICATIONS

ADHD may be associated with academic underachievement,
difficulties in interpersonal relationships, and poor self-esteem.
These can have long-reaching effects (e.g., lower levels of edu-
cational, employment attainment). Adolescents with ADHD,
particularly those who are untreated, are at increased risk for
high-risk behaviors such as drug use, early sexual activity, and
automobile accidents. Despite parental concerns of illicit drug
use and addiction from stimulant medication, there is actually
decreased risk of drug abuse in children and adolescents with
ADHD who are appropriately medically managed.

PREVENTION

Child-rearing practices including promoting calm environ-
ments and opportunities for age-appropriate activities that
require increasing levels of focus may be helpful. Limiting
time spent watching television and playing rapid-response
video games also may be prudent because these activities rein-
force short attention span. Early implementation of behavior
management techniques may assist in curtailing problematic
behaviors before they result in significant impairment. Sec-
ondary disabilities can be prevented by educating medical
professionals and teachers about the signs and symptoms of
ADHD and the most appropriate behavioral and pharma-
ceutical interventions. Collaboration between health care
providers, educational professionals, and mental health clini-
cians will enhance the early identification of and provision of
services to children at risk for ADHD.
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Chapter 14

CONTROL OF
ELIMINATION

NORMAL DEVELOPMENT
OF ELIMINATION

Development of control of urination and defecation involves
physical and cognitive maturation and is strongly influ-
enced by cultural norms, socioeconomic status, and prac-
tices within the United States and throughout the world. In
the first half of the twentieth century, toilet mastery by 18
months of age was the norm in the United States. Concern
about harsh toilet training and possible later psychological
distress led to professional endorsement of later toilet train-
ing. In 1962 Brazelton introduced the child-centered approach,
which respects the child’s autonomy and pride in mastery.
The invention of disposable diapers also facilitated later toilet
training. Social changes, including increased maternal work
outside of the home and group child care, also have influenced
this trend. Some families choose to wait until the child is older
because the duration of the training period may be shorter.
Toilet training usually begins after the second birthday and
is achieved at about 3 years of age in middle-class white U.S.
populations. Toilet training between 12 and 18 months of age
continues to be accepted in lower-income families.

Prerequisites for achieving elimination in the toilet include
the child’s ability to recognize the urge for urination and defe-
cation, to get to the toilet, to understand the sequence of tasks
required, to avoid oppositional behavior, and to take pride in
achievement. The entire process of toilet training can take 6
months and need not be hurried. Successful parent-child
interaction around the goal of toilet mastery can set the stage
for future active parental teaching and training (e.g., manners,
kindness, rules and laws, and limit setting).

ENURESIS

Enuresis is urinary incontinence in a child who is adequately
mature to have achieved continence. Enuresis is classified as
diurnal (daytime) or nocturnal (nighttime). In the United
States, daytime and nighttime dryness are expected by 4 and
6 years of age, respectively. Another useful classification of
enuresis is primary (incontinence in a child who has never
achieved dryness) and secondary (incontinence in a child
who has been dry for at least 6 months).

Etiology

Enuresis is a symptom with multiple possible etiologic fac-
tors, including developmental difference, organic illness, or
psychological distress. Primary enuresis often is associated
with a family history of delayed acquisition of bladder con-
trol. A genetic etiology has been hypothesized, and familial
groups with autosomal dominant phenotypic patterns for
nocturnal enuresis have been identified. Although most chil-
dren with enuresis do not have a psychiatric disorder, stressful
life events can trigger loss of bladder control. Sleep physiology

may play a role in the etiology of nocturnal enuresis, with a
high arousal threshold commonly noted. In a subgroup of
enuretic children, nocturnal polyuria relates to a lack of a
nocturnal vasopressin peak. Another possible etiology is mal-
function of the detrusor muscle with a tendency for invol-
untary contractions even when the bladder contains small
amounts of urine. Reduced bladder capacity can be associated
with enuresis and is commonly seen in children who have
chronic constipation with a large dilated distal colon, which
impinges on the bladder.

Epidemiology

Enuresis is the most common urologic condition in children.
Nocturnal enuresis has a reported prevalence of 15% in 5-year-
olds, 7% in 8-year-olds, and 1% in 15-year-olds. The sponta-
neous remission rate is reported to be 15% per year. The odds
ratio of nocturnal enuresis in boys compared with girls is 1.4:1.
The prevalence of daytime enuresis is lower than nocturnal
enuresis but has a female predominance, 1.5:1 at 7 years of age.
Of children with enuresis, 22% wet during the day only, 17%
wet during the day and at night, and 61% wet at night only.

Clinical Manifestations

< Decision-Making Algorithm
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Enuresis

The history focuses on elucidating the pattern of voiding: How
often does wetting occur? Does it occur during the day, night,
or both? Are there any associated conditions with wetting epi-
sodes (e.g., bad dreams, consumption of caffeinated beverages,
or exhausting days)? Has the child had a period of dryness in
the past? Did a stressful event precede the change in wetting
pattern? A review of systems should include a developmental
history and detailed information about the neurologic, uri-
nary, and gastrointestinal systems (including patterns of defe-
cation). A history of sleep patterns also is important, including
snoring, parasomnias, and timing of nighttime urination.
A family history often reveals that one or both parents had
enuresis as children. Although enuresis is rarely associated
with child abuse, physical and sexual abuse history should be
included as part of the psychosocial history. Many families
have tried numerous interventions before seeking a physician’s
help. Identifying these interventions and how they were car-
ried out aids the understanding of the child’s condition and its
role within the family.

The physical examination begins with observation of the
child and the parent for clues about child developmental and
parent-child interaction patterns. Special attention is paid to
the abdominal, neurologic, and genital examination. A rectal
examination is recommended if the child has constipation.
Observation of voiding is recommended if a history of void-
ing problems, such as hesitancy or dribbling, is elicited. The
lumbosacral spine should be examined for signs of spinal
dysraphism or a tethered cord.

For most children with enuresis, the only laboratory test
recommended is a clean catch urinalysis to look for chronic
urinary tract infection (UTI), renal disease, and diabetes
mellitus. Further testing, such as a urine culture, is based on
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the urinalysis. Children with complicated enuresis, including
children with previous or current UTI, severe voiding dys-
function, or a neurologic finding, are evaluated with a renal
sonogram and a voiding cystourethrogram. If vesicoureteral
reflux, hydronephrosis, or posterior urethral valves are found,
the child is referred to a urologist for further evaluation and
treatment.

Differential Diagnosis

Commonly there is no identified cause of enuresis and, in
most cases, enuresis resolves by adolescence without treat-
ment. Children with primary nocturnal enuresis are most
likely to have a family history and are least likely to have an
identified etiology. Children with secondary diurnal and
nocturnal enuresis are more likely to have an organic etiol-
ogy, such as UTI, diabetes mellitus, or diabetes insipidus, to
explain their symptoms. Children with primary diurnal and
nocturnal enuresis may have a neurodevelopmental condition
or a problem with bladder function. Children with secondary
nocturnal enuresis may have a psychosocial stressor or a sleep
disturbance as a predisposing condition for enuresis.

Treatment

Treatment begins with treating any diagnosed underlying
organic causes of enuresis. Elimination of underlying chronic
constipation is often curative. For a child whose enuresis is
not associated with an identifiable disorder, all therapies must
be considered in terms of cost in time, money, disruption to
the family, the treatments known success rate, and the child’s
likelihood to recover from the condition without treatment.
The most commonly used treatment options are conditioning
therapy and pharmacotherapy. The clinician can also assist
the family in making a plan to help the child cope with this
problem until it is resolved. Many children have to live with
enuresis for months to years before a cure is achieved; a few
children have symptoms into adulthood. A plan for handling
wet garments and linens in a nonhumiliating and hygienic
manner preserves the child’s self-esteem. The child should
take as much responsibility as he or she is able, depending on
age, development, and family culture.

The most widely used conditioning therapy for nocturnal
enuresis is the enuresis alarm. Enuresis alarms have an initial
success rate of 70% with a relapse rate of 10%. The alarm is
worn on the wrist or clipped onto the pajama and has a probe
that is placed in the underpants or pajamas in front of the ure-
thra. The alarm sounds when the first drop of urine contacts
the probe. The child is instructed to get up and finish voiding
in the bathroom when the alarm sounds. After 3 to 5 months,
70% of children are dry through the night.

Pharmacotherapy for nighttime enuresis includes desmo-
pressin acetate and, rarely, tricyclic antidepressants. Desmo-
pressin decreases urine production and has proved to be safe
in the treatment of enuresis. The oral medication is started
at 0.2 mg per dose (one dose at bedtime) and on subsequent
nights is increased to 0.4 mg and then to 0.6 mg if needed.
This treatment must be considered symptomatic, not curative,
and has a relapse rate of 90% when the medication is discon-
tinued. Imipramine, now rarely used for enuresis, reduces the
frequency of nighttime wetting. The initial success rate is 50%.
Imipramine is effective during treatment only, with a relapse

rate of 90% on discontinuation of the medication. The most
important contraindication is risk of overdose (associated
with fatal cardiac arrhythmia).

Complications

The psychological consequences can be severe. Families can
minimize the impact on the child’s self-esteem by avoiding
punitive approaches and ensuring that the child is competent
to handle issues of their own comfort, hygiene, and aesthetics.

Prevention

Appropriate anticipatory guidance to educate parents that
bed-wetting is common in early childhood helps alleviate con-
siderable anxiety.

FUNCTIONAL CONSTIPATION

AND SOILING

Constipation is decreased frequency of bowel movements
usually associated with a hard stool consistency. The occur-
rence of pain at defecation frequently accompanies constipa-
tion. Although underlying gastrointestinal, endocrinologic,
or neurologic disorders can cause constipation, functional
constipation implies that there is no identifiable causative
organic condition. Encopresis is the regular, voluntary or
involuntary passage of feces into a place other than the toi-
let after 4 years of age. Encopresis without constipation is
uncommon and may be a symptom of oppositional defiant
disorder or other psychiatric illness. Soiling is the involuntary
passage of stool and often is associated with fecal impaction.
The normal frequency of bowel movements declines between
birth and 4 years of age, beginning with greater than four
stools per day to approximately one per day.

Etiology

The etiology of functional constipation and soiling includes a
low-fiber diet, slow gastrointestinal transit time for neurologic
or genetic reasons, and chronic withholding of bowel move-
ments, usually because of past painful defecation experiences.
Approximately 95% of children referred to a subspecialist for
encopresis have no other underlying pathologic condition.

Epidemiology

In US. studies, 16% to 37% of children experience constipa-
tion between 5 and 12 years of age. Constipation with overflow
soiling occurs in 1% to 2% of preschool children and 4% of
school-age children. The incidence of constipation and soiling
is equal in preschool girls and boys, whereas there is a male
predominance during school age.

Clinical Manifestations

< Decision-Making Algorithms
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Constipation
Irritable Infant
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The presenting complaint for constipation with soiling is typi-
cally a complaint of uncontrolled defecation in the underwear.
Parents may report that the child has diarrhea because of soil-
ing of liquid stool. Soiling may be frequent or continuous.
On further questioning, the clinician learns that the child is
passing large-caliber bowel movements that may occasionally
block the toilet. Children younger than 3 years of age often
present with painful defecation, impaction, and withholding.
The history should include a complete review of systems for
gastrointestinal, endocrine, and neurologic disorders and a
developmental and psychosocial history.

Stool impaction can be felt on abdominal examination in
about 50% of patients at presentation. Firm packed stool in the
rectum is highly predictive of fecal impaction. A rectal exam-
ination allows assessment of sphincter tone and size of the rec-
tal vault. Evaluation of anal placement and existence of anal
fissures also is helpful in considering etiology and severity. A
neurologic examination, including lower extremity reflexes,
anal wink, and cremasteric reflexes, may reveal underlying
spinal cord abnormalities.

Abdominal x-ray is not required. It can be helpful to show
to the family the degree of colonic distention and fecal impac-
tion. In general further studies, such as barium enema and
rectal biopsy, are indicated only if an organic cause for the
constipation is indicated by history or physical examination
(see Chapter 129). Similarly although endocrinologic condi-
tions such as hypothyroidism can cause chronic constipation,
laboratory studies are not indicated without history or physical
examination suggesting such a disorder.

Differential Diagnosis

The differential diagnosis for functional constipation and soil-
ing includes organic causes of constipation (e.g., neurogenic,
anatomic, endocrinologic, gastrointestinal, and pharmaco-
logic). A child with chronic constipation and soiling who had
delayed passage of meconium and has an empty rectum and
tight sphincter may have Hirschsprung disease (see Chapter
129). Chronic constipation may be a presenting sign of spinal
cord abnormalities, such as a spinal cord tumor or a tethered
cord. Physical examination findings of altered lower extrem-
ity reflexes, absent anal wink, or a sacral hairy tuft or sacral
sinus may be a clue to these anomalies. Hypothyroidism can
present with chronic constipation and typically is accompa-
nied by poor linear growth and bradycardia. Anal stenosis
may lead to chronic constipation. The use of opiates, pheno-
thiazine, antidepressants, and anticholinergics also may lead
to chronic constipation. Developmental problems, including
mental retardation and autism, may be associated with chronic
constipation.

Treatment

Treatment begins with education and demystification for
the child and family about chronic constipation and soiling,
emphasizing the chronic nature of this condition and the good
prognosis with optimal management. Explaining the physio-
logic basis of constipation and soiling to the child and the fam-
ily alleviates blame and enlists cooperation. Education may
improve adherence to the long-term treatment plan (Table
14-1). One half to two thirds of children with functional con-
stipation recover completely and no longer require medication.

Table 14-1 | Education about Chronic Constipation
and Soiling

Constipation affects 16% to 37% of children.

1% to 4% of children have functional constipation and soiling.

Functional constipation with/without soiling begins early in life due
to a combination of factors:

Uncomfortable/painful stool passage
Withholding of stool to avoid discomfort

Diets higher in constipating foods and lower in fiber and fluid
intake”

Use of medications that are constipating

Developmental features—increasing autonomy; perhaps toilet
avoidance

Possible family genetic factors—slower colonic transit

When chronic impaction, physiologic changes at the rectum
reduce a child’s bowel control.

Dilated rectal vault results in reduced sensation to standard fecal
volume.

Rehabilitation of rectal musculature and strength requires several
months.
Until then, dilated rectal musculature may be less able to expel
stool effectively.

Paradoxical anal sphincter contraction may occur when the urge
to defecate is felt; it can lead to incomplete emptying of stool at
defecation attempt.

Many children do not recognize their soiling accidents owing to
olfactory accommodation.

Low self-esteem or other behavioral concerns are common on
presentation.
Improve for most with education and management for the
constipation and soiling.

Effective management of functional constipation requires a
substantial commitment of the child/family, usually for 6-24 mo.

Degree of child and family adherence is likely a predictor of the
child’s success.

*The common features of the transition to the toddler diet (decreased fluid
intake, continued high dairy intake, and finicky eating patterns) make this a
high-risk time during development for constipation problems.

The younger the child is when diagnosis and treatment begin,
the higher the success rate. Treatment involves a combina-
tion of behavioral training and laxative therapy. Successful
treatment requires 6 to 24 months. The next step is adequate
colonic cleanout or disimpaction. Clean-out methods include
enemas alone or combinations of enema, suppository, and oral
laxatives. High-dose oral mineral oil is a slower approach to
clean-out. Choice of disimpaction method depends on the age
of the child, family choice, and the clinician’s experience with
a particular method. Methods and side effects are summa-
rized in Table 14-2. The child and family should be included
in the process of choosing the clean-out method. Because ene-
mas may be invasive and oral medication may be unpleasant,
allowing points of choice and control for the child and praising
all signs of cooperation are important.

Behavioral training is essential to the treatment of chronic
constipation and soiling. The child and family are asked to
monitor and document stool output. Routine toilet sitting is
instituted for 5 to 10 minutes three to four times per day. The
child is asked to demonstrate proper toilet sitting position with
the upper body flexed forward slightly and feet on the floor
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Table 14-2 | Clean-Out Disimpaction

MEDICATION
INFANTS
Glycerin suppositories
Enema—6 ml/kg up to 4.5 oz (135 mL)
CHILDREN
Rapid Cleanout
Enema—6 ml/kg up to 4.5 oz (135 mL) every 12-24 h x 1-3

Mineral oil
Normal saline

Hypertonic phosphate

Milk of molasses: 1:1 milk:molasses
Combination: enema, suppository, oral laxative
Day 1: Enema g12-24 h

Day 2: Bisacodyl suppository (10 mg) q12-24 h
Day 3: Bisacodyl tablet (5 mg) q12-24 h
Repeat 3-day cycle if needed x 1-2

Oral/nasogastric tube: Polyethylene glycol electrolyte solution
(GoLYTELY or NuLYTELY)—25 mL/kg/h up to 1000 mL/h x 4 h/day

Slower Cleanout

Oral high-dose mineral 0il—15-30 mL per year of age per day up
to 8 oz X 3-4 days

X-Prep (senna): 15 mL q12h x 3

Magnesium citrate: 1 oz/yr of age to maximum of 10 oz per day for
2-3 days

Maintenance medications—also may be used for cleanout

SIDE EFFECTS/COMMENTS

No side effects

If enemas are considered, administer first in physician’s office.

Invasive; risk of mechanical trauma

Large impaction: mineral oil enema followed 1-3 h later by normal
saline or phosphate enema

Small impaction: normal saline or phosphate enema

Lubricates hard impaction; may not see return after administration
Abdominal cramping; may not be as effective as hypertonic phosphate

Abdominal cramping; risk of hyperphosphatemia, hypokalemia, and
hypocalcemia, especially with Hirschsprung or renal insufficiency or
if retained. Some experts do not recommend phosphate enema for
children <4 yr, others for children <2yr.

For difficult to clear impaction

See enemas above
Abdominal cramping, diarrhea, hypokalemia

Abdominal cramping, diarrhea, hypokalemia

Nausea, cramping, vomiting, bloating, aspiration. Large volume. Usually
requires nasogastric tube and hospitalization to administer

Aspiration—lipoid pneumonia. Give chilled.

Abdominal cramping. May not see output until dose 2 or 3

Hypermagnesemia

or foot support. The child should be praised for all compo-
nents of cooperation with this program, and punishment and
embarrassment should be avoided. As symptoms resolve, toilet
sitting is decreased to twice daily and finally to once a day.
When disimpaction is achieved, the child begins the main-
tenance phase of treatment. This phase promotes regular stool
production and prevents reimpaction. It involves attention to
diet, medications to promote stool regularity, and behavioral
training. Increasing dietary fiber and fluid are recommended.
For children with chronic constipation, the recommended
daily dose of fiber is calculated as 10 grams plus the child’s
age in years (e.g., a 10-year-old should take 20 grams of fiber
per day). At least 2 oz of nondairy fluid intake per gram of
fiber intake is recommended. Sorbitol-based juices, includ-
ing prune, pear, and apple juice, increase the water content of
bowel movements. Lubricants or osmotic laxatives are used to
promote regular soft bowel movements. Maintenance medi-
cations, including side effects, are listed in Table 14-3. Poly-
ethylene glycol powder is well tolerated because the taste
and texture are palatable. Some children may require the use
of a lubricant in addition to an osmotic laxative; children
with severe constipation may require a stimulant laxative.

Treatment failure occurs in approximately one in five children

secondary to problems with adherence or poor recognition of

inadequate treatment resulting in reimpaction.

Complications

Chronic constipation and soiling interfere with social func-
tioning and self-esteem. Discomfort and fear of accidents may
distract children from their schoolwork and other important
tasks. Children also may develop unusual eating habits in
response to chronic constipation and their beliefs about this
condition. Case reports of child abuse related to soiling have

been published.

Prevention

The primary care physician can recommend adequate fiber
intake in all children and encourage families to help their chil-
dren institute regular toileting habits at an early age as preven-
tive measures. Earlier diagnosis of chronic constipation can

prevent much secondary disability and shorten the length of

treatment required.
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MEDICATION
INFANTS
Oral Medications/Other
Juices containing sorbitol
Lactulose or sorbitol: 1-3 mL/kg/day + doses bid
Corn syrup (light or dark): 1-3 mL/kg/day + doses bid Per Rectum
Glycerin suppository
CHILDREN
Oral Medications
Lubricant

Mineral oil: 1-3 mL/kg day as one dose or + bid

Osmotics
Lactulose: 10 g/15 mL, 1-3 cc/kg/day + doses bid

Magnesium hydroxide (milk of magnesia):
400 mg/5 mL, 1-3 mL/kg/day + bid
800 mg/5 mL, 0.5 mL/kg + bid

MiraLAX (polyethylene glycol powder):
17 9/240 cc water or juice stock, 1.0 g/kg/day + doses bid
(approximately 15 cc/kg/day)

Sorbitol: 1-3 mL/kg/day + doses bid
Stimulants’

Senna: syrup—38.8 g sennoside/5 mL

2-6yr: 2.5-7.5 cc/day + doses bid

6-12 yr: 5-15 cc/day + doses bid
(Tablets and granules available)

Bisacodyl: 5-mg tablets, 1-3 tablets/dose 1-2 x daily

Per Rectum

Glycerin suppository

Bisacodyl: 10-mg suppositories, 0.5-1 suppository, 1-2 x daily

SIDE EFFECTS/COMMENTS

Pear, prune, apple
See below
Not considered risk for Clostridium botulinum spores

No side effects

Softens stool and eases passage
Aspiration—lipoid pneumonia

Chill or give with juice

Adherence problems

Leakage: dose too high or impaction

Retain water in stool, aiding bulk and softness
Synthetic disaccharide: abdominal cramping, flatus

Risk of hypermagnesemia, hypophosphatemia, secondary
hypocalcemia with overdose or renal insufficiency

Titrate dose at 3-day intervals to achieve mushy stool consistency
May make stock solutions to administer over 1-2 days

Excellent adherence
Less costly than lactulose
Improve effectiveness of colonic and rectal muscle contractions

Idiosyncratic hepatitis, melanosis coli, hypertrophic
osteoarthropathy, analgesic nephropathy; abdominal cramping

Improvement of melanosis coli after medication stopped

Abdominal cramping, diarrhea, hypokalemia

No side effects

Abdominal cramping, diarrhea, hypokalemia

*Single agent may suffice to achieve daily, comfortable stools.
TStimulants should be reserved for short-term use.

Chapter 15

NORMAL SLEEP AND
PEDIATRIC SLEEP
DISORDERS

Sleep is a universal phenomenon that is critical to child health,
development, and daily functioning. This complex behavioral
and physiologic process is characterized by a reversible state
of partial unresponsiveness and disengagement from the envi-
ronment. Sleep is broadly categorized by polysomnographic

patterns into rapid eye movement (REM) sleep and non-
REM (NREM) sleep. REM sleep is characterized by an active,
awake-like electroencephalography (EEG) pattern and muscle
atonia. NREM sleep is further divided into three stages—from
stage 1 (N1), which is the lightest sleep stage and consists of
low-amplitude, high-frequency EEG activity, to stage 3 (N3),
also known as deep or slow-wave sleep, characterized by low-
frequency, high-amplitude delta waves. REM and NREM sleep
alternate in cycles throughout the night.

Sleep architecture changes from fetal life through infancy
and childhood. Sleep cycles last approximately 60 minutes in
newborns and gradually lengthen to 90 minutes in children
and adults. Neonates typically begin their sleep cycle in REM
sleep, whereas older children and adults begin sleep in NREM
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sleep. REM sleep in neonates is termed active sleep, and fre-
quent muscle twitches and facial grimaces are common. REM
sleep comprises up to 50% of total sleep time in newborns and
gradually decreases to 25% to 30% by adolescence. Slow-wave
sleep is not seen before 3 to 6 months of age. Beginning from 6
to 12 months and continuing through adulthood, the amount
of REM sleep shifts toward the last third of the night, while
NREM sleep predominates during the first third of the night.

The timing and duration of sleep also change with age.
Sleep patterns become more diurnal and total daily sleep time
gradually decreases. Full-term infants sleep on average 16 to
18 hours per day in fragmented intervals throughout the day
and night. One-year-old children sleep on average 10 to 11
hours per night and nap for 2 to 3 hours during the day. Naps
decrease from two naps to one during the second year of life.
In the United States, over 80% of 2-year-olds nap, decreasing
to 50% by age 3. By 12 years old, the average child sleeps 9 to
10 hours per day. By adolescence, the average sleep duration
has dropped to 7% hours per day, even though adolescents
need an average of 9 hours per day. Adolescents also develop a
physiologically based shift toward later sleep-onset and wake
times relative to those in middle childhood.

Cultural factors strongly influence multiple sleep practices,
including whether children sleep independently (the norm in
the United States) or with parents, other siblings, or grandpar-
ents (the norm in many other cultures). Awareness of the vary-
ing cultural practices regarding sleep is essential to respectful
and effective intervention.

SLEEP DISORDERS

Sleep problems are one of the most frequent complaints in
pediatric practice. Numerous sleep disorders exist, including
behavioral insomnias (bedtime refusal, delayed sleep onset,
nighttime awakenings), parasomnias, and circadian rhythm
disorders (Table 15-1). Obstructive sleep apnea (OSA) and
sleep disorders associated with mental and physical illness
should also be considered.

Epidemiology

Sleep problems occur in 20% to 30% of children at some point
during childhood. Behavioral sleep disorders are common and
found across all age groups but are most prevalent from infancy
through preschool age. Bedtime resistance occurs in 10% to
15% of toddlers, and 15% to 30% of preschool-aged children
have difficulties achieving and/or maintaining sleep. Although
generally benign, parasomnias occur commonly in young chil-
dren, including sleep walking (15% to 40%) and sleep terrors
(1% to 6%). OSA is reported in 1% to 4% of children. Circadian
rhythm disorders occur in 7% to 16% of adolescents.

Clinical Manifestations and Evaluation

= Decision-Making Algorithms
’ Available @ StudentConsult.com

Seizures and Other Paroxysmal Disorders
Sleep Disturbances

Sleep disorders may manifest in a variety of ways and often go
unrecognized. Some children present with daytime behavioral

problems, including inattentiveness, hyperactivity, or irritabil-
ity rather than overt sleepiness. Screening for sleep disorders
is recommended as part of primary care. Clinicians should
inquire about bedtime problems, excessive daytime sleepiness,
wakenings during the night, regularity and duration of sleep,
and presence of snoring and sleep-disordered breathing.

The assessment of sleep complaints begins with a detailed
history of sleep habits, including bedtime, sleep-onset, and
wake times. A detailed description of the sleep environment
can result in a dynamic understanding of the challenges to
and resources for achieving normal sleep. The recommended
history includes the type of bed, who shares it, the ambient
light, noise, temperature, and the bedtime routine. Household
structure, routines, and cultural practices may be important
and influence the timing and ease of sleep (e.g., parental work
patterns, evening activities, number of household members).
Dietary practices influence sleep, including timing of meals
and caffeine intake. A detailed history assessing for symp-
toms of OSA (gasps, snorting noises, breathing pauses, and
so on) should be obtained in all children who snore regularly.
New-onset sleep disorders may be associated with a psycho-
logical trauma. When the history does not reveal the cause of
the sleep disorder, a sleep diary can be helpful.

A complete physical examination is important to rule out
medical causes of sleep disturbance, such as conditions that
cause pain, neurologic conditions that could be associated with
seizure disorder, and other central nervous system disorders.
Children with genetic syndromes associated with developmen-
tal delay may have sleep disorders. Similarly children with atten-
tion-deficit/hyperactivity disorder and fetal alcohol syndrome
are at higher risk for sleep disorders than other children. Careful
attention to the upper airway and pulmonary examination may
reveal enlarged tonsils or adenoids or other signs of obstruction.

A polysomnogram is used to detect OSA, excessive limb
movements, and seizure disorder. This consists of an all-night
observation and recording performed in a sleep laboratory.
Polysomnography is not indicated in children with primary
insomnia (difficulty initiating or maintaining sleep), circadian
rhythm disorders, uncomplicated parasomnias, or behavior-
ally based sleep problems.

Differential Diagnosis
Behavioral insomnia of childhood is divided into two sub-
types: Sleep-onset association subtype manifests as frequent or
prolonged nighttime wakenings that occur in infants or young
children. During periods of normal brief arousal with each sleep
cycle, the child awakens under conditions different from those
experienced as they fell asleep. Thus they are unable to return to
sleep independently. Limit-setting subtype is most common in
preschool-aged and older children and is characterized by bed-
time resistance or refusal that stems from a caregiver’s unwill-
ingness or inability to enforce bedtime rules and expectations.
Nighttime fears are also common causes of bedtime refusal.
Parasomnias include sleepwalking, sleep terrors, and con-
fusional arousals. These occur during NREM sleep and are
more likely during the first third of the night. They are most
common in preschool children and are likely to resolve with
time and developmental maturation. Sleepwalking is common
and often benign but is sometimes associated with agitation or
dangerous behaviors. Sleep terrors consist of an abrupt awak-
ening with a loud scream, agitation, and unresponsiveness to
caregivers attempts to console. Sleep terrors are differentiated
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Table 15-1 | Childhood Sleep Disruption Disorders

TYPE CAUSE
BEHAVIORAL AND ENVIRONMENTAL

Behavioral insomnia
of childhood
Sleep-onset
association subtype

the night

Behavioral insomnia
of childhood

Limit-setting subtype  and limits

Nighttime fears

Social disruptions Family stressors

PARASOMNIAS

Sleepwalking
Sleep terrors
Confusional arousals

Genetic predisposition

Child falls asleep in conditions
different from those of the rest of

Parental anxiety, unwillingness/

inability to enforce bedtime rules

Anxiety, stress, traumatic events

Stage N3 (deep) sleep instability

SYMPTOMS

Frequent or prolonged
night wakenings requiring
intervention

Bedtime resistance/refusal
Excessive expression of

“needs” by child

Bedtime resistance
Crying, clinging, seeking
parental reassurance

Night waking
Refusal to sleep

Awakening 1-3 h after falling
asleep with characteristic
behaviors (see text)

TREATMENT

Put child to bed drowsy but awake; allow to fall
asleep independently
Minimize nocturnal parental response

Modify parental behavior to improve limit-
setting (provide rewards/positive reinforcement,
appropriate consequences).

Reassurance of safety
Teach coping skills
Nightlights, security objects

Regularize routines
Family counseling

Reassurance
Protective environment

Sleep enuresis ? Stage N3 instability
Metabolic disease (e.g.,
diabetes)

Urinary tract infection

Urinary anatomic anomaly

CIRCADIAN RHYTHM DISORDERS

Irregular sleep-wake No defined sleep schedule

pattern

Delayed sleep phase  Shift in sleep-wake schedule

with resetting of circadian

Morning/daytime sleepiness

rhythm late time
ORGANIC
Obstructive sleep Adenotonsillar hypertrophy
apnea Overweight/obesity
Allergic rhinitis
Craniofacial abnormalities
Neuromuscular diseases
lliness Any chronically irritating

disorder (e.g., otitis, dermatitis,
asthma, or esophageal reflux)

Neurodevelopmental  Variable; rule out seizures, OSA
and central nervous

system disorders

Bed-wetting

Variable waking and sleeping

Not sleepy at bedtime
Sleep onset at a consistently

breathing during sleep,
daytime sleepiness, attention
and/or learning problems

Painful crying out

Variable sleep disruptions

Scheduled awakenings

Rule out medical conditions

Fluid limitation, pre-bed voiding
Behavioral approaches (bell and pad)
Emotional support

Medication (e.g., imipramine, DDAVP)
Reassurance

Regularize schedule

Enforce wake-up time

Gradually move bedtime earlier or keep awake
overnight to create drowsy state

Melatonin

Frequent snoring, gasps/snorts, Polysomnography (for diagnosis)
episodes of apnea, labored

Adenotonsillectomy

Weight loss

Nasal steroids

Continuous positive airway pressure (CPAP)

Treat disease symptomatically

Evaluate environment
Sleep hygiene
Sedatives as last resort

DDAVF, 1-desamino-8-D-arginine vasopressin; OSA, obstructive sleep apnea.

from nightmares, which occur later in the night and result
from arousal in REM or dreaming sleep. Children typically
remember their nightmares but have no recollection of sleep
terrors. Confusional arousals are similar to sleep terrors, tend
to be less dramatic but last longer.

Circadian rhythm disorders are most common during
adolescence but can occur at any age. They consist of an exag-
gerated delayed sleep phase, leading to the inability to arouse
in the mornings and failure to meet sleep requirements. Many
adolescents attempt to recoup lost sleep on the weekends. The
resulting sleep deprivation leads to problems with cognition
and emotional regulation.

Obstructive sleep apnea in childhood is not always obvi-
ous or easy to diagnose. OSA is commonly caused by tonsil-
lar or adenoidal hypertrophy. A history of snoring is typical;
some children may have excessive daytime sleepiness. Obese

children are at increased risk for OSA. In toddlers OSA often
is associated with poor growth, which improves when the
obstruction is relieved by a tonsillectomy or adenoidectomy.
Many children with OSA experience cognitive difficulties and
school problems. Hyperactivity is also more common in these
children than in age-matched controls.

Primary sleep disorders must be differentiated from sleep
disorders associated with psychiatric and medical disorders.
Psychoses, anxiety disorders, and substance abuse can pres-
ent with disordered sleep. The clinician should also consider
sleep-related epilepsy and developmental disorders.

Prevention and Treatment
Establishing a baseline of healthy sleep habits is essential to
both prevention and treatment of sleep disorders at all ages.
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Table 15-2 | Prevention of Pediatric Behavioral Sleep
Disorders

Consistent and appropriate bedtime and wake-up time

Consistent bedtime routine (~30 min) to cue sleep
Consistent ambient noise, light, temperature in bedroom
Adequate food, hydration, socialization, and physical activity
during the day

No television or other electronics in bedroom
Avoidance of naps (unless developmentally appropriate)

Caffeine avoidance
Child feels safe and protected

Child allowed to develop self-soothing strategies

Parents are comfortable setting limits/boundaries

These include having a consistent and appropriate bedtime
and bedtime routine, and close attention to sleep hygiene (see
Table 15-2). A bedtime routine should consist of three or four
soothing activities that help calm the child and signal that it is
time for sleep. It should last no more than 30 minutes. Activities
may include bathing, brushing teeth, reading a story, or singing
a song. Even older children and adolescents require a consis-
tent pre-bed routine. A transitional object such as a blanket or
stuffed animal can be used to promote positive sleep associa-
tions and encourage self-soothing. The bedtime should be set
early enough to allow for sufficient nighttime sleep, and both
bedtime and morning wake time should be consistent, includ-
ing on weekends. Televisions and other electronic devices
should be removed from the bedroom because these can lead
to delayed sleep onset and maladaptive sleep associations.
Sleep-onset association disorder in infancy usually can be
prevented by parental understanding of infant sleep physiol-
ogy, developmentally appropriate expectations, and planning
the infant sleep environment to coincide with family needs.
It is recommended that infants be put in bed drowsy, but still
awake, after they have had a diaper change, food, and com-
fort. Some toleration of infant crying is required for the infant
to achieve self-regulation of sleep. A safe sleep environment
is essential. It is important for parents to understand that it is
normal for their infant to wake frequently for the first 6 weeks
before settling into a routine of waking every 3 to 4 hours
for feeding. Infants typically do not sleep through the night
before 6 months of age, and some do not sleep through the
night before 12 to 18 months of age. Even though co-sleeping
(mother and infant sleeping together) is common, it is not
recommended because of increased risk of SIDS. Proactively
considering the desirability of bed sharing allows parents to
be in control rather than ceding control to the young child.
Behavioral interventions comprise the mainstay of treatment
for behavioral sleep disorders. In addition to meticulous atten-
tion to sleep hygiene and bedtime practices, difficulty falling
asleep and bedtime resistance in young children are treated by
specific behavioral strategies. Systematic ignoring consists of not
responding to a child’s demands for parental attention at bed-
time. Unmodified extinction (“cry it out”) involves putting the
child to bed and then ignoring the child’s demands until the
next morning. Graduated extinction involves waiting succes-
sively longer periods of time before briefly checking on the child.
Both methods are effective in decreasing bedtime resistance and
enabling young children to fall asleep independently. Positive
reinforcement strategies can also be used in preschool-aged and

older children. These include rewards (e.g., stickers) for meet-
ing a bedtime goal (e.g., staying in bed). Rewards should be
provided immediately (first thing in the morning) to increase
effectiveness and better link the reward with the positive behav-
ior. Children with nighttime fears can benefit from behavioral
therapy aimed at reinforcing feelings of safety.

Infrequent or nonintrusive parasomnias do not need treat-
ment beyond education and reassurance. Ensuring a safe
environment is important. Sleep terrors are best managed by
minimal intervention, because conversation with the child is
impossible during the episode. Anticipatory brief awakening
of the child shortly before the typical occurrence of a para-
somnia may be effective in aborting the event. Children with
frequent or prolonged parasomnias may need a sleep study to
evaluate for possible coexisting sleep disorders or nocturnal
seizures. Medications that suppress slow-wave sleep may be
indicated in severe cases.

Circadian rhythm disorders are also treated by ensuring sleep
hygiene practices and gradual resetting of the biologic clock.
Bedtime fading involves allowing the child to go to bed at the
time he or she naturally feels tired, then gradually advancing
the bedtime forward over the course of several weeks.

Rarely children with insomnia are treated pharmacologi-
cally. Melatonin (dose, 2.5 to 10 mg) has soporific properties
useful in treating delayed sleep phase syndrome. It has been
used successfully in both children with normal development
and those with developmental delays. Melatonin is available
without prescription in stores that sell dietary supplements.
The a-agonist clonidine acts preferentially on presynaptic a,
neurons to inhibit noradrenergic activity. Somnolence is a
side effect of clonidine, which can be put to use in cases of
refractory sleep difficulties; this is an off-label use in children.
Clonidine is usually started with a dose of 0.05 mg at bedtime
and increased to 0.1 mg if needed. There are data on treating
children as young as 4 years old with clonidine. Weaning off
clonidine is recommended at the end of treatment.

Complications

The most obvious and serious complication associated with
childhood sleep disorders is impairment of cognitive ability
and emotional regulation. This impairment puts children at
risk for school failure, family difficulties, and social problems.
It is likely that sleep-deprived children are at increased risk for
acute illness and psychiatric disorders.
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Chapter 16

SOMATOFORM
DISORDERS,
FACTITIOUS
DISORDERS, AND
MALINGERING

The somatoform disorders are groups of disorders in which
physical symptoms (pain or loss of function) are inconsistent
and cannot be explained by a medical condition (Table 16-1).
While transient symptoms, as “signals of distress,” are respon-
sible for up to 50% of outpatient visits in the pediatric age
group, somatoform disorders represent only the severe end of
this continuum. Somatization that occurs in the context of a
physical illness is identified by symptoms that go beyond the
expected pathophysiology, affecting the child’s school, home
life, and peer relationships and becoming the focus of the
patient and the family’s life. Somatization is often associated
with psychosocial stress and often persists beyond the acute
stressor, leading to the belief by the child and the family that
the correct medical diagnosis has not yet been found.

A somatization disorder occurs in as many as 10% to 20%
of first-degree relatives and has a higher concordance rate in
monozygotic twin studies. Lifetime prevalence of somatoform
disorders is 3%, and that of subclinical somatoform illness is
as high as 10%. Adolescent girls tend to report nearly twice
as many functional somatic symptoms as adolescent boys,
whereas prior to puberty the ratio is equal.

Affected children are more likely to have difficulty express-
ing emotional distress, come from families with a history of
marital conflict, child maltreatment (including emotional,
sexual, physical abuse), or history of physical illness. In early
childhood, symptoms often include recurrent abdominal pain
(RAP). Later headaches, neurologic symptoms, insomnia, and
fatigue are more common.

Explainable medical conditions and a somatoform disor-
der (e.g., seizures and pseudoseizures) can coexist in up to
50% of patients and present difficult diagnostic dilemmas.
The list of systemic medical disorders that could present with
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unexplained physical symptoms includes chronic fatigue syn-
drome (CFS), multiple sclerosis, myasthenia gravis, endocrine
disorders, chronic systemic infections, vocal cord dysfunction,
periodic paralysis, acute intermittent porphyria, fibromyalgia,
polymyositis, and other myopathies.

Depression is a common comorbid condition and fre-
quently precedes the somatic symptoms. Anxiety disorders
can present with somatic complaints.

DSM-1V classifies somatoform disorders as somatization
disorder, undifferentiated somatoform disorder, somatoform
disorder not otherwise specified, conversion disorder, pain dis-
order, body dysmorphic disorder (BDD), and hypochondriasis.
The diagnostic criteria for somatoform disorders are established
for adults and need additional study in pediatric populations.

Somatization disorder involves multiple unexplained
physical complaints, including pain, gastrointestinal, sexual,
and pseudoneurologic symptoms not caused by known mech-
anisms. The criteria used to diagnose this disorder are listed
in Table 16-2. Given the requirement for at least one sexual or
reproductive symptom, the diagnosis is unusual in children
and the onset is common during adolescence. Prevalence esti-
mates range from 0.2% to 2% in females and less than 0.2% in
males. Early onset of somatization disorder is associated with
poor prognosis.

Undifferentiated somatoform disorder (Table 16-3)
includes one or more unexplained physical complaints accom-
panied by functional impairment that last for at least 6 months.
Children and adolescents are more likely to meet DSM-IV cri-
teria for an undifferentiated somatoform disorder than for a
somatization disorder, and no evidence exists to predict which
patients will go on to develop the full symptom criteria for
somatization disorder.

Conversion disorder involves symptoms affecting volun-
tary motor or sensory function and is suggestive of a neuro-
logic illness in the absence of a disease process (Table 16-4).
Adjustment difficulties, recent family stress, unresolved grief
reactions, and family psychopathology occur at a high fre-
quency in conversion symptoms. A physical condition and a
conversion disorder (e.g., epileptic and nonepileptic seizures)
may coexist in the same patient. There are four subtypes of
conversion disorder based on whether the symptoms pre-
sented are primarily motor, sensory, nonepileptic (seizures),
or mixed.

Presenting symptoms follow the psychological stressor by
hours to weeks and may cause more distress for others than
for the patient. This seeming lack of concern regarding poten-
tially serious symptoms is referred to as la belle indifference.

51



52 Section 4 ¢ Psychiatric Disorders

Table 16-1 | Features of Somatoform Disorders of

Children and Adolescents

PSYCHOPHYSIOLOGIC DISORDER

Presenting complaint is a physical symptom.

Physical symptom is caused by a known physiologic mechanism.
Physical symptom is stress induced.

Patient may recognize association between symptom and stress.
Symptom frequently responds to medication, biofeedback, and
stress reduction.

CONVERSION REACTION
Presenting complaint is physical (loss of function, pain, or both).

Physical symptom is not caused by a known physiologic
mechanism.

Physical symptom is related to unconscious idea, fantasy, or
conflict.

Patient does not recognize association between symptom and the
unconscious.

Symptom responds slowly to resolution of unconscious factors.
SOMATIZATION DISORDER

Requires more than 13 physical symptoms in girls, more than 11 in
boys (see Table 16-2)

Physical symptoms are not caused by a known physiologic or
pathologic mechanism.

Physical symptoms are related to need to maintain the sick role.

Patient convinced that symptoms are unrelated to psychological
factors.

Symptoms tend to persist or change character despite treatment.
HYPOCHONDRIASIS

Presenting complaint is a physical sign or symptom.

Patient interprets physical symptom to indicate disease.

Conviction regarding illness may be related to depression or
anxiety.

Symptom does not respond to reassurance.

Medication directed at underlying psychological problems often
helps.

MALINGERING
Presenting complaint is a physical symptom.
Physical symptom is under voluntary control.

Physical symptom is used to gain reward (e.g., money, avoidance of
military service).

Patient consciously recognizes symptom as factitious.

Symptom may not lessen when reward is attained (need to retain
reward).

FACTITIOUS DISORDER (AS IN MUNCHAUSEN SYNDROME)

Presenting complaint is symptom complex mimicking known
syndrome.

Symptom complex is under voluntary control.

Symptom complex is used to attain medical treatment (including
surgery).

Patient consciously recognizes symptom complex as factitious but
is often psychologically disturbed so that unconscious factors also
are operating.

Symptom complex often results in multiple diagnoses and multiple
operations.

Table 16-2 | Criteria for Diagnosis of Somatization
Disorder

Each of the following criteria must be met. Individual symptoms
may occur at any time during the course of disturbance.

1. Four pain symptoms: pain related to at least four different sites
or functions (e.g., head, abdomen, back, joints, extremities, chest,
rectum; during menstruation, sexual intercourse, or urination)

2. Two gastrointestinal symptoms: at least two gastrointestinal
symptoms other than pain (e.g., nausea, bloating, vomiting,
diarrhea, or intolerance of several foods)

3. One sexual symptom: at least one sexual or reproductive
symptom other than pain (e.g., sexual indifference, erectile or
ejaculatory dysfunction, irregular menses, excessive menstrual
bleeding, vomiting throughout pregnancy)

4. One pseudoneurologic symptom: at least one symptom or
deficit suggesting a neurologic condition not limited to pain
(conversion symptoms such as impaired coordination or balance,
paralysis or localized weakness, difficulty swallowing or lump in
throat, aphonia, urinary retention, hallucinations, loss of touch
or pain sensation, double vision, blindness, deafness, seizures;
dissociative symptoms such as amnesia; or loss of consciousness
other than fainting)

Either (1) or (2)

1. After appropriate investigation, each of the symptoms is not fully
explained by a known general medical condition or the direct
effects of a substance (e.g., drug, medication).

2. When there is a related general medical condition, the physical
complaints, social or occupational impairment are in excess
of what is expected from the history, physical examination, or
laboratory findings.

Table 16-3 | Criteria for Diagnosis of Undifferentiated

Somatoform Disorder

A. One or more physical complaints (e.g., fatigue, loss of appetite,
gastrointestinal complaints)

B. Either (1) or (2)

1. After appropriate investigation, the symptoms cannot be fully
explained by a known general medical condition or the direct
effects of a substance (e.g., drug or medication).

2. When there is a related general medical condition, the
physical complaints, social, or occupational impairment
is in excess of what is expected from the history, physical
examination, or laboratory findings.

C. The symptoms cause clinically significant distress or impairment
in social, occupational, or other important areas of functioning.

D. At least 6 months of disturbance

E. The disturbance is not better accounted for by another mental
disorder (e.g., another somatoform disorder, sexual dysfunction,
mood disorder, anxiety disorder, sleep disorder, or psychotic
disorder).

F. The symptom is not intentionally produced or feigned (factitious
disorder, malingering).

Symptoms are often self-limited but may be associated with
chronic sequelae, such as contractures or iatrogenic injury.
Falling out syndrome (falling down with altered con-
sciousness) is common in several cultures throughout the
world, including the United States. Stocking glove (nonana-
tomic) anesthesia is another common finding. Symptoms are
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Table 16-4 | Criteria for Diagnosis of Conversion
Disorder

A. One or more symptoms affect voluntary motor or sensory
function, suggesting a neurologic or other general medical
condition.

B. Psychological factors are judged to be associated with the
symptom or deficit because the initiation or exacerbation is
preceded by conflicts or other stressors.

C. The symptom is not intentionally produced or feigned (factitious
disorder, malingering).

D. After appropriate investigation, the symptom cannot be
fully explained by a general medical condition, by the direct
effects of a substance, or as a culturally sanctioned behavior or
experience.

E. The symptom causes clinically significant distress or impairment
in social, occupational, or other function or warrants medical
evaluation.

F. The symptom is not limited to pain or sexual dysfunction, does
not occur exclusively during the course of somatization disorder,
and is not better accounted for by another mental disorder.

often inconsistent; patients may move a paralyzed extremity
when they think that no one is watching.

Nonepileptic seizures, sometimes described as pseudosei-
zures, resemble epileptic seizures but are not associated with
the electroencephalographic abnormalities or a clinical course
characteristic of true epilepsy. Most cases resolve within 3
months of diagnosis. Referring to nonclassic presentations
for seizures as spells can help avoid medicalization of these
symptoms.

The course of the condition is often benign, although
20% to 25% of patients experience a recurrence. Good
prognostic characteristics include symptoms of paraly-
sis, aphonia, blindness; acute onset; above-average intel-
ligence; presence of an identifiable stressor; and early
diagnosis and psychiatric treatment. Poor prognostic char-
acteristics include tremor and pseudoseizures. The rate of
misdiagnosis of conversion symptoms averages 4%. Myas-
thenia gravis, multiple sclerosis, dystonias, and dyskinesias
(abnormal movements) are conditions commonly mistaken
for conversion disorder.

Pain disorder is diagnosed instead of a conversion disor-
der if pain is the predominant physical symptom. The DSM-IV
divides pain disorders into those associated with psychologi-
cal factors, those with both psychological and medical factors,
and those in which the medical condition is the major factor
in the pain symptom (Table 16-5). The diagnosis is considered
acute if the condition lasts less than 6 months and chronic
when it lasts 6 months or more.

RAP is the most common recurrent pain complaint of
childhood and accounts for 2% to 4% of pediatric office visits.
It is defined by intermittent pain with full recovery between
episodes lasting more than 3 months. There is a strong relation
between RAP and anxiety in children. Approximately 90% of
pediatric patients have no clinical findings to account for their
abdominal pain.

Common types of headaches are migraine and tension-type
headache. Migraine may be associated with dizziness, gastro-
intestinal symptoms, and cyclic vomiting syndrome, char-
acterized by recurrent and stereotypic episodes of intense,

Table 16-5 | Criteria for Diagnosis of Pain Disorder

A. Pain in one or more anatomic sites is the predominant focus and
is of sufficient severity to warrant clinical attention.

B. The pain causes clinically significant distress or impairment in
social, occupational, or other important functions.

C. Psychological factors have an important role in the onset,
severity, exacerbation, or maintenance of the pain.

D. The symptom or deficit is not intentionally produced or feigned
(factitious disorder, malingering).

E. The pain is not better accounted for by a mood, anxiety, or
psychotic disorder and does not meet criteria for dyspareunia.

Specify the following:
e Acute: duration <6 months

o Chronic: duration =6 months

unexplained vomiting. Psychological factors frequently play a
significant role in the complaint of a headache.

Functional chest pain can be seen in 10% of school-aged
children and adolescents. Other common pain disorders are
musculoskeletal pains (limb pain and back pain), fibromyal-
gia, and complex regional pain syndrome type I (previously
known as reflex sympathetic dystrophy).

Reassurance is the primary treatment of pain disorder.
Symptom diaries, including the events that precede and fol-
low the pain episode, aid in initial assessment and ongoing
management of the problem. Minimizing secondary psy-
chological consequences of recurrent pain syndromes is
important.

Hypochondriasis is the preoccupation with the fear of
having a serious disease based on misinterpretation of bodily
symptoms and functions. This fear should be present for
6 months. The presenting complaint is a physical sign or
symptom, which is normal but is interpreted by the patient
to indicate disease despite reassurance of a physician (e.g., a
tension headache perceived as a brain tumor). This diagnosis
is more commonly seen in late adolescence and adulthood.
An underlying depression or anxiety disorder may be related
to the symptoms. Prevalence of obsessive-compulsive dis-
order (OCD) is four times greater than in the general pop-
ulation. When the belief or preoccupation is limited to an
imagined defect in appearance, the diagnosis is body dys-
morphic disorder (BDD), not hypochondriasis.

Body dysmorphic disorder is a preoccupation with an
imagined or slight defect in physical appearance that causes
clinically significant distress or impairment in function-
ing. It is usually seen in adolescents (the male-to-female
ratio being almost equal) and is distinguished from com-
mon developmental preoccupations with appearance by
the presence of clinically significant distress and/or impair-
ment in functioning. Any bodily area can be a focus, but
excessive concerns about the skin (scars and acne) and
body shape are common. Because BDD can be associated
with shame and the need for secrecy, the diagnosis may be
missed unless clinicians ask directly about symptoms. Par-
ents of children with BDD report excessive mirror check-
ing, grooming, attempts to camouflage a particular body
area, and reassurance-seeking. Patients may cause self-in-
jury as a consequence of attempts to fix the perceived flaw.



54 Section 4 ¢ Psychiatric Disorders

Many of these patients have had consultations with sur-
geons and dermatologists and often seek interventions but
are unlikely to be satisfied with the results.

BDD is considered to be related to OCD. The prevalence
of BDD has been reported to be 0.7% in children, 2% in ado-
lescents, and up to 5% in patients seeking cosmetic surgery.
Many individuals with BDD report a history of childhood
maltreatment; comorbid psychiatric disorders, including
depression, OCD, social phobia, and anorexia nervosa; gen-
der identity disorder; delusional disorder; and narcissistic
personality disorder. BDD is also associated with high rates
of suicidal ideation and attempts, with 28% of sufferers having
attempted suicide.

Fatigue is a common physical complaint, affecting up to
50% of adolescents. CFS specifically refers to a condition
characterized by at least 6 months of severe, disabling fatigue
associated with self-reported limitations in concentration
and short-term memory, sleep disturbance, and muscu-
loskeletal aches and pains, where alternative medical and
psychiatric explanations have been excluded. CFS is often
associated with depression and can be incapacitating. CFS is
rare in childhood and uncommon in adolescence, with prev-
alence below 1%. Onset typically follows an acute post-viral
illness in approximately two thirds of pediatric cases. Treat-
ment is nonspecific, unless a psychological or general medi-
cal cause is uncovered.

Screening tools for somatoform disorders include the Chil-
dren’s Somatization Inventory (child and parent versions) and
the Illness Attitude Scales and Soma Assessment Interview
(parental interview questionnaires). The Functional Disability
Inventory assesses the severity of symptoms.

Treatment for somatoform disorders should use an inte-
grated medical and psychiatric approach. The goals are to
identify concurrent psychiatric disorders, rule out concurrent
physical disorders, improve overall functioning, and mini-
mize unnecessary invasive tests and doctor shopping. This
works when mental health consultation is presented as part of
a comprehensive evaluation, thereby minimizing stigma and
distrust.

Antidepressant medications (fluoxetine, sertraline, citalo-
pram, and clomipramine) may be of benefit in the treatment
of unexplained headaches, fibromyalgia, BDD, somatoform
pain, irritable bowel syndrome, and functional gastroin-
testinal disorders. Tricyclic antidepressants (clomipramine
and others) should be avoided in youth with functional
abdominal pain (FAP) because they have no proven efficacy
in either pain management or mood disorders and are very
dangerous in overdose. In chronic fatigue syndrome with
comorbid depression and anxiety, a more activating antide-
pressant, like bupropion, can be useful. Stimulants may also
be helpful in CFS.

Cognitive-behavioral methods, which reward health-
promoting behaviors and discourage disability and illness
behaviors, help in the treatment of recurrent pain, CFS, fibro-
myalgia, and FAP. Interpersonal and expressive psychothera-
pies in the presence of psychological trauma are particularly
useful. Self-management strategies, such as self-monitoring,
relaxation, hypnosis, and biofeedback, provide some symp-
tomatic relief and encourage more active coping strategies.
Family therapy and family-based interventions can be very
useful. Home schooling should be avoided, and school atten-
dance and performance should be emphasized as important

indicators of appropriate functioning. In dealing with pain
symptoms (e.g., headaches, stomachaches) parents should
remove or limit attention for pain behavior; strongly encour-
age sticking to schedule (e.g., going to school); help the child
identify stress at home and school; provide attention and spe-
cial activities on days when child does not have symptoms;
and limit activities and interactions on sick days. Discussions
about excessive discomfort or illness should be replaced with
having the child practice relaxation techniques and educating
personnel working with their child about these approaches.

FACTITIOUS DISORDERS AND

MALINGERING

In contrast to somatoform disorders, patients intentionally
simulate or create their problems in factitious disorders and
malingering.

Factitious disorder is a condition in which physical or
psychological symptoms are produced intentionally but for
unconscious reasons to assume a sick role. This diagno-
sis is made either by direct observation or by eliminating
other possible causes. Most patients are immature, passive,
and hypochondriacal. They show improvement when con-
fronted with their behavior or acknowledge the factitious
nature of their symptoms. It has been associated with bor-
derline personality traits and substance abuse disorders.
Approximate answers (e.g., 20-3=13) reported during a
mental status examination are most commonly found in
factitious disorders.

Munchausen syndrome by proxy (MBP) is a form of facti-
tious disorder by proxy, where a parent (usually mother) mim-
ics symptoms in his or her child. The motivation is believed
to be a psychological need to assume a sick role through the
child. Of these mothers, more than 72% have a history of fac-
titious disorder or a somatoform disorder, and up to 80% of
involved parents have some health care background. MBP is
a type of child abuse. Boys are more commonly abused in this
way, and neonates and preschoolers are the most common vic-
tims. Both factitious disorder by proxy (diagnosis of the abuser)
and pediatric condition falsification (diagnosis of the child) are
needed for diagnosis.

Common presenting symptoms include vomiting, diarrhea,
respiratory arrest, asthma, seizures, incoordination, fever,
bleeding, failure to thrive, rash, hypoglycemia, and loss of
consciousness. Simulation of psychiatric disorders is rare.
Nearly 75% of the morbidity to the child occurs in hospitals
from invasive procedures. Once confronted with negative test
results or discharge planning, the perpetrators may become
intensely enraged and acutely suicidal or may initiate legal
action so the treatment team should take appropriate precau-
tions. Mortality in MBP may be as high as 33%, and siblings of
these children are also at risk. Virtually all children suffer seri-
ous psychological sequelae from this form of abuse. Treatment
involves protecting the child from further abuse and reporting
to child protective services.

Malingering is a condition in which a physical symptom
that is under voluntary control is used to gain reward (e.g.,
money or avoidance of school, jail, or obtaining drugs). The
patient has conscious intent in production of symptoms.
Symptoms may not lessen when the reward is attained.
Malingering is difficult to prove unless the patient is directly
observed or confesses.
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ANXIETY AND
PHOBIAS

ANXIETY DISORDERS

Anxiety disorders are characterized by uneasiness, excessive
rumination, and apprehension about the future. The condi-
tions tend to be chronic, recurring, and vary in intensity over
time. They affect 5% to 10% of children and adolescents (Table
17-1). Some common anxiety disorders are discussed in the
following sections.

Panic disorder is the presence of recurrent, unexpected
panic attacks. A panic attack is a sudden unexpected onset
of intense fear associated with a feeling of impending doom
in the absence of real danger. At least 1 month of persistent
worrying about having another panic attack is required to
make the diagnosis (Table 17-2). Panic disorder most often
begins in adolescence or early adulthood. Symptom severity
waxes and wanes. Characteristic symptoms include shortness
of breath, palpitations, chest pain, a choking or smothering

sensation, and a fear of losing control or going “crazy” (Table
17-3). Symptoms generally last approximately 15 minutes and
are generally time-limited. It is common for patients to think
that they are about to die of a heart attack. Panic attacks are
classified as (1) spontaneous, (2) bound to situations (occur
immediately on exposure), and (3) predisposed to situations
(attacks occur while at school, but not every time). Agorapho-
bia is a condition describing fear of situations where escape
is difficult or would draw unwanted attention to the person.
Agoraphobia is often persistent and can leave people home-
bound. Panic disorder is seen in 95% of patients with agora-
phobia. The condition is more common in females. Consider
the diagnosis of a specific phobia (as opposed to agoraphobia)
if the avoidance is limited to one or a few specific situations
or social phobia if avoidance is limited to social situations in
general.

Generalized anxiety disorder (GAD) is characterized by 6
or more months of persistent, out of proportion worry and anx-
iety that includes a historical diagnosis of overanxious disorder
of childhood. The worries should be multiple, not paroxysmal,
and not focused on a single theme and should cause significant
impairment (Table 17-4).The anxiety must be accompanied by
at least three of the following symptoms: restlessness, easy fati-
gability, difficulty concentrating, irritability, muscle tension,
and disturbed sleep. Physical signs of anxiety are often present,

Table 17-1 | Common Anxiety Disorders: Characteristics

SEPARATION SPECIFIC

GENERALIZED
FEATURE PANIC DISORDER ANXIETY DISORDER
Epidemiology Prevalence is 0.2%—-10%; Prevalence is 5%. The
rates are similar in all sex ratio is equal.
racial groups. Half have Genetic factors play
agoraphobia. only a modest role in
Eight times more common  the etiology.
and of early onset in family
members of affected
individuals than general
population.
Onset Average age at onset is The average age at
15-19 years; earlier in 25%.  onsetis 10 years.
Differential Anxiety disorder due to a Other anxiety
diagnosis general medical condition.  disorders, anorexia

Comorbidities

Prognosis

Substance-induced anxiety
disorder due to caffeine or
other stimulants.

Separation anxiety disorder
(common). Substance
abuse, major depression,
obsessive-compulsive
disorder (OCD), and other
anxiety disorders. Asthma
patients have a high
incidence of panic attacks.

Frequently chronic with a
relative high rate of suicide
attempts and completions.

nervosa, somatoform
disorders, and

major depression.
Substance-induced
(caffeine and sedative-
hypnotic withdrawal).

Depression, other
anxiety disorders,
ADHD.

One study showed
that 65% of children
cease to have the
diagnosis in 2 years.

PTSD

Prevalence is around
8%. Twin studies
suggest some genetic
role.

Other anxiety
disorders, adjustment
disorders, psychotic
disorders, and
substance-induced
disorders. If financial
compensation is at
issue, malingering
should be ruled out.

Depression, other
anxiety disorders,
ADHD.

Variable. Time may
diminish symptoms.
Substance abuse and
suicidality increased
over time in this
group.

ANXIETY DISORDER

Prevalence is 2%—4%
of children and
adolescents. The sex
ratio is almost equal.
Heritability of SAD is
greater for girls than
for boys.

The average age at
onset is 8-9 years.

Other anxiety
disorders.

Depression, Social
phobia, other anxiety
disorders, ADHD.

Variable. Affected
children are likely

to develop panic
disorder, agoraphobia,
or depressive
disorders later in life.

PHOBIAS

Prevalence is 2%.
Sex ratio is 2:1
females:males.
Increased risk of
specific phobias in
first-degree relatives
of patients with
specific phobias.

Depression and
other anxiety
symptoms.

Social phobia in
childhood may
become associated
with alcohol abuse
in adolescence.

ADHD, Attention-deficit/hyperactivity disorder; PTSD, posttraumatic stress disorder.
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Table 17-2 | Criteria for Diagnosis of a Panic Disorder

A. Both (1) and (2)
1. Recurrent unexpected panic attacks

2. At least one attack is followed by =1 month of one or more of
the following:

a. Persistent concern about having additional attacks

b. Worry about the implications of the attack or its
consequences (e.g., losing control, having a heart attack,
“going crazy")

c. A significant change in behavior related to the attacks
B. The presence of agoraphobia

C. The panic attacks are not due to direct physiologic effects of
drugs or abuse or medication or a general medical condition
(e.g., hyperthyroidism).

D. The panic attacks are not better accounted for by another
mental disorder, such as social phobia, specific phobia,
obsessive-compulsive disorder, posttraumatic stress disorder, or
separation anxiety disorder.

Table 17-3 | Criteria for Diagnosis of a Panic Attack

A discrete period of intense fear or discomfort, in which four or
more of the following symptoms developed abruptly and reached
a peak within 10 minutes:

Palpitations, pounding heart, or accelerated heart rate
Sweating

Trembling or shaking

Sensations of shortness of breath or smothering
Feeling of choking

Chest pain or discomfort

Nausea or abdominal distress

Feeling dizzy, unsteady, lightheaded, or faint

Derealization (feelings of unreality) or depersonalization (being
detached from oneself)

Fear of losing control or going crazy
Paresthesias (humbness or tingling sensations)
Chills or hot flashes

including shakiness, trembling, and myalgias. Gastrointestinal
symptoms (nausea, vomiting, diarrhea) and autonomic symp-
toms (tachycardia, shortness of breath) commonly coexist. In
children and adolescents, the specific symptoms of autonomic
arousal are less prominent, and symptoms are often related to
school performance or sports. Children with GAD are often
exceedingly self-conscious, exhibit behavioral inhibition, have
low self-esteem, and have more sleep disturbance than patients
with other kinds of anxiety disorder. Care must be taken to
elicit internalizing symptoms of negative cognitions about
the self (hopelessness, helplessness, worthlessness, suicidal
ideation), as well as those concerning relationships (embar-
rassment, self-consciousness) and associated with anxieties.
Inquiry about eating, weight, energy, and interests should also
be carried out to eliminate a mood disorder.

Posttraumatic stress disorder (PTSD) is characterized by
re-experiencing a traumatic event in which actual or threat-
ened death or serious injury was possible. The reexperiencing

Table 17-4 | Criteria for Diagnosis of Generalized
Anxiety Disorder

A. Excessive anxiety and worry (apprehensive expectation),
occurring more days than not for at least 6 months, about
numerous events or activities

B. The person finds it difficult to control the worry.

C. The anxiety and worry are associated with three or more of the
following six symptoms (with at least some symptoms present
for more days than not for the past 6 months). Note: Only one
symptom is required in children.

1. Restlessness or feeling keyed up or on edge
2. Being easily fatigued

3. Difficulty concentrating or mind going blank
4. Irritability

5. Muscle tension

6. Sleep disturbance (difficulty falling or staying asleep or
restless, unsatisfying sleep)

D. The focus of the anxiety and worry is not confined to features
of a disorder (e.g., panic disorder, social phobia, obsessive-
compulsive disorder, separation anxiety disorder, anorexia
nervosa, somatization disorder, hypochondriasis), and the
anxiety and worry do not occur exclusively during posttraumatic
stress disorder.

E. The anxiety, worry, or physical symptoms cause clinically
significant distress or impairment in social, occupational, or
other important areas of functioning.

F. The disturbance is not due to the direct physiologic effects of a
drug or a general medical condition (e.g., hyperthyroidism) and
does not occur exclusively during a mood disorder, a psychotic
disorder, or a pervasive developmental disorder.

is accompanied by avoidance of stimuli that remind the per-
son of the trauma and by autonomic hyperarousal (Table
17-5). Type, severity, duration, and proximity of the traumatic
event are the most likely predictors of PTSD. Presentation
often depends on the age group of the child. In preverbal chil-
dren, there are changes in behavior: regressed clingy behavior,
increased aggression, unwillingness to explore the environ-
ment, alterations in feeding, sleeping behaviors, and difficulty
soothing child. Preschool children may display rapidly chang-
ing emotional states like anger, sadness, and excitement and
play may have compulsive reenactments linked to the trau-
matic event. Later symptomatology is more typical of adult
PTSD, except that flashbacks are more daydream quality than
the sudden intrusive events seen in adults, and complaint of
restriction of effect and numbing are less frequent.
Dissociative states lasting a few seconds to many hours, in
which the person relives the traumatic event, are referred to as
flashbacks. Reexperiencing trauma in children may be nonspe-
cific to the trauma (e.g., dreams of monsters). In adolescents
anticipation of unwanted visual imagery increases the risk of
irritable mood, anger, and voluntary sleep deprivation. When
faced with reminders of the original trauma, physical signs of
anxiety or increased arousal occur, including difficulty falling
or staying asleep, hypervigilance, exaggerated startle response,
irritability, angry outbursts, and difficulty concentrating.
Typically an acute stress disorder is present immediately
after the trauma. The risk of chronic PTSD increases when
symptoms are unresolved by 6 weeks and there are higher pre-
morbid levels of anxiety or depression. PTSD usually begins
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Table 17-5 | Criteria for Diagnosis of Posttraumatic
Stress Disorder

A. The person has been exposed to a traumatic event in which
both of the following were present:

1. The person experienced, witnessed, or was confronted with
an event or events that involved actual or threatened death or
serious injury or a threat to the physical integrity of self or others.

2. The person’s response involved intense fear, helplessness, or
horror. Note: In children, this may be expressed instead by
disorganized or agitated behavior.

B. The traumatic event is persistently reexperienced in one or more
of the following ways:

1. Recurrent and intrusive distressing recollections of the event,
including images, thoughts, or perceptions. Note: In young
children, repetitive play may occur in which themes or aspects
of the trauma are expressed.

2. Recurrent distressing dreams of the event. Note: In children,
there may be frightening dreams without recognizable content.

9

Acting or feeling as if the traumatic event were recurring
(includes a sense of reliving the experience, illusions,
hallucinations, and dissociative flashback episodes, including
flashbacks that occur on awakening or when intoxicated). Note:
In young children, trauma-specific re-enactment may occur.

4. Intense psychological distress at exposure to internal or
external cues that symbolize or resemble an aspect of the
traumatic event.

(&)

. Physiologic reactivity on exposure to internal or external cues
that symbolize or resemble an aspect of the traumatic event.

C. Persistent avoidance of stimuli associated with the trauma and
numbing of general responsiveness (not present before the
trauma), as indicated by three or more of the following:

1. Efforts to avoid thoughts, feelings, or conversations
associated with the trauma

2. Efforts to avoid activities, places, or people that arouse
recollections of the trauma

3. Inability to recall an important aspect of the trauma

4. Markedly diminished interest or participation in significant
activities

5. Feeling of detachment or estrangement from others
6. Restricted range of affect (e.g., unable to have loving feelings)

7. Sense of a foreshortened future (e.g., does not expect to have
a career, marriage, children, or a normal life span)

D. Persistent symptoms of increased arousal (not present before
the trauma), as indicated by two or more of the following:

1. Difficulty falling or staying asleep
2. Irritability or outbursts of anger
3. Difficulty concentrating

4. Hypervigilance

5. Exaggerated startle response

E. Duration of the disturbance (symptoms in criteria B, C, and D) is
>1 month

F. The disturbance causes clinically significant distress or impairment
in social, occupational, or other important areas of functioning

Specify the following:
e Acute: if duration of symptoms is <3 months
e Chronic: if duration of symptoms is 23 months

e With delayed onset: if onset of symptoms is at least 6 mo after
the stressor

within 3 months of the trauma, although delay in symptom
expression can occur. Rates of suicide attempts are threefold
higher than unaffected controls.

Acute stress disorder is characterized by the same signs
and symptoms as PTSD but occurs immediately after a trau-
matic event. If impaired function persists after 1 month, the
diagnosis is PTSD.

Anxiety disorder not otherwise specified is a common
condition in clinical practice. This diagnosis is used when
there is impairing anxiety or phobic symptoms that do not
meet full criteria for another anxiety disorder.

Separation anxiety disorder (SAD) is seen in children
and adolescents who express vague somatic symptoms (e.g.,
headaches, abdominal pain, fatigue) to avoid or refuse to
go to school. Patients may have a valid or an irrational con-
cern about a parent or have had an unpleasant experience in
school. They often have been seen by numerous specialists
and have undergone elaborate medical evaluations. Their
absence from school often is mistakenly seen as a conse-
quence of their symptoms. The prospect of returning to
school provokes extreme anxiety and escalating symptoms.
True phobia related to schoolwork is rare. SAD is a strong
(78%) risk factor for developing problems in adulthood, such
as panic disorder, agoraphobia, and depression. School pho-
bia that first presents during adolescence may be an expres-
sion of a severe underlying psychopathologic condition.
Psychiatric consultation is needed.

Specific phobias are marked persistent fears of things or
situations, which often lead to avoidance behaviors (Table
17-6). The associated anxiety is almost always felt immediately
when the person is confronted with the feared object or situ-
ation. The greater the proximity or the more difficult it is to
escape, the higher the anxiety. Many patients have had actual
fearful experiences with the object or situation (traumatic
event). The response to the fear can range from limited symp-
toms of anxiety to full panic attacks. Children may not recog-
nize that their fears are out of proportion to the circumstances,
unlike adolescents and adults, and express their anxiety as cry-
ing, tantrums, freezing, or clinging.

School phobia is one of a range of reasons for school non-
attendance. In severely worried children, defensive aggression
may be used to prevent attendance. Otherwise these patients
do not have antisocial tendencies. Boys and girls are equally
affected and there is no association with social class, intelli-
gence, or academic ability. The youngest in a family of several
children is more likely to be affected as well as children of older
parents. Truancy is generally associated with older adolescents
with lower levels of fear. Unlike anxious school refusers, tru-
ants hide their school nonattendance from their parents.

Social phobia is a common (3% to 13% prevalence; girls
predominate over boys) type of phobia characterized by a
marked and persistent fear of social or performance situations
in which embarrassment might occur (Table 17-7).

There is a wariness of strangers and social apprehension or
anxiety when encountering new, strange, or socially threaten-
ing situations. Children appear to have a lower rate of negative
cognitions (e.g., embarrassment, overconcern, self-conscious-
ness) than adults. Children with simple avoidant disorders are
younger than those with more socialized phobic conditions.
Left untreated or poorly treated, phobias can become immo-
bilizing and result in significant morbidity and restriction of
their lives.
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Table 17-6 | Criteria for Diagnosis of Specific Phobia

A. Marked and persistent fear that is excessive or unreasonable,
cued by the presence or anticipation of a specific object or
situation (e.g., flying, heights, animals, receiving an injection,
seeing blood)

B. Exposure to the phobic stimulus almost invariably provokes
an immediate anxiety response, which may take the form of a
situationally bound or situationally predisposed panic attack.
Note: In children, the anxiety may be expressed by crying,
tantrums, freezing, or clinging.

C. The person recognizes that the fear is excessive or
unreasonable. Note: In children, this feature may be absent.

D. The phobic situation is avoided or else is endured with intense
anxiety or distress.

E. The avoidance, anxious anticipation, or distress in the feared
situation interferes significantly with the person’s normal routine,
occupational (or academic) functioning, or social activities or
relationships, or there is marked distress about having the
phobia.

F. In children <18 years, the duration is at least 6 months.

G. The anxiety, panic attacks, or phobic avoidance associated with
the specific object or situation are not better accounted for by
another mental disorder, such as obsessive-compulsive disorder,
posttraumatic stress disorder, separation anxiety disorder, social
phobia, panic disorder with agoraphobia, or agoraphobia
without history of panic disorder.

Specify type:
® Animal type is fear elicited by animals or insects.
e Natural environment type (e.g., heights, storms, water).

¢ Blood/injection/injury type is fear related to seeing blood,
injuries, injections, or having an invasive medical procedure.

o Situational type is fear caused by specific situations (e.g.,
airplanes, elevators, enclosed places).

e Other type (e.g., fear of choking, vomiting, or contracting an
iliness; in children, fear of loud sounds or costumed characters)

In the management of anxiety disorders, likely medi-
cal conditions, including hyperthyroidism, medication side
effects, substance abuse, or other medical conditions, should
be ruled out. The patient should be screened for comorbid
psychiatric disorders, such as mood disorders, psychosis,
eating disorders, tic disorders, and disruptive behavior disor-
ders. A history from multiple sources is important because the
child may be unable to effectively communicate symptoms.
A detailed history that includes the nature of the anxiety trig-
gers; psychosocial history; and family history of tics, anxiety
disorders, depression, and other mood disorders should be
taken. The younger child may better communicate his or her
anxieties through drawings or play.

Treatment consists of psychotherapy and psychophar-
macology. For mild to moderate anxiety, evidence-based
psychotherapies and psychoeducation should be used first.
Combined therapy usually has better efficacy than psycho-
therapy and psychopharmacology alone. Cognitive and
behavioral therapy (including systematic desensitization,
exposure, operant conditioning, modeling, and cognitive
restructuring ) can be beneficial in a variety of anxiety disor-
ders. Patients with anxiety disorders are often less tolerant of
medication side effects, and supportive therapy helps them
maintain treatment regimens.

Table 17-7 | Criteria for Diagnosis of Social Phobia

A. A marked and persistent fear of one or more social or
performance situations in which the person is exposed to
unfamiliar people or to possible scrutiny by others. The individual
fears that he or she will act in a way (or show anxiety symptoms)
that will be humiliating or embarrassing. Note: In children, there
must be evidence of the capacity for age-appropriate social
relationships with familiar people, and the anxiety must occur in
peer settings, not just in interactions with adults.

B. Exposure to the feared social situation almost invariably
provokes anxiety, which may take the form of a situationally
bound or situationally predisposed panic attack. Note: In
children, the anxiety may be expressed by crying, tantrums,
freezing, or shrinking from social situations or unfamiliar people.

C. The person recognizes that the fear is excessive or
unreasonable. Note: In children, this feature may be absent.

D. The feared social or performance situations are avoided or else
are endured with intense anxiety or distress.

E. The avoidance, anxious anticipation, or distress in the feared
social or performance situation interferes significantly with the
person’s normal routine, occupational (academic) functioning,
or social activities or relationships, or there is marked distress
about having the phobia.

F. In children <18 years, the duration is at least 6 months.

G. The fear or avoidance is not due to the direct physiologic effects
of a drug of abuse, a medication, or a general medical condition
and is not better accounted for by another mental disorder
(e.g., panic disorder with or without agoraphobia, separation
anxiety disorder, body dysmorphic disorder, pervasive
developmental disorder, or schizoid personality disorder).

H. If a general medical condition or another mental disorder is
present, the fear in criterion A is unrelated to it (e.g., the fear
is not of stuttering or exhibiting abnormal eating behavior in
anorexia nervosa or bulimia nervosa).

Specify the following:

Generalized: if the fears include most social situations (e.g.,
initiating or maintaining conversations, participating in small
groups, dating, speaking to authority figures, attending parties).
Note: Also consider the additional diagnosis of avoidant
personality disorder.

Family and individual psychotherapy and care coordination
with a patient’s school is helpful. Reassurance that the patient
does not have a life-threatening illness is important. Other
psychosocial treatments include stress management, support-
ive therapies, and biofeedback. Emphasis is placed on decreas-
ing morbidity through proper treatment. Panic disorder tends
to be chronic but usually is responsive to treatment. In PTSD
trauma-focused cognitive behavioral therapy has shown effi-
cacy. Critical-incident stress debriefing and “psychological
first aid,” soon after the event, greatly reduce distress and
involve discussing the nature and impact of the trauma event
in a group format.

Selective serotonin reuptake inhibitors (SSRIs) are the med-
ication of choice. The SSRIs approved for children by the U.S.
Food and Drug Administration (FDA) are fluoxetine, ser-
traline, and fluvoxamine. They can initially exacerbate anxiety
or even panic symptoms. Clomipramine requires electrocar-
diographic and blood level monitoring but may be effective
and is approved by the FDA for obsessive-compulsive disorder.
Tricyclic antidepressants have also shown efficacy. Benzodiaz-
epines (alprazolam and clonazepam) include a risk of causing
disinhibition in children. Alpha-2a-agonists (guanfacine and
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clonidine) may be useful if autonomic symptoms are present.
Anticonvulsant agents (gabapentin, topiramate, and oxcarba-
zepine) are used when other agents are ineffective. §-Blockers
help with performance anxiety.

Co-occurrence of the inattentive type of attention-deficit/
hyperactivity disorder (ADHD) and an anxiety disorder is
common. When using a stimulant, it is advisable to start at a
low dose, increasing slowly to minimize the risk of increasing
anxiety.

For PTSD, antidepressants may be augmented by clonidine
(also useful in hyperarousal and impulsivity) in the presence
of severe affective dyscontrol. Atypical antipsychotics are used
if self-injurious behavior, dissociation, psychosis, and aggres-
sion are present. Atomoxetine is useful in PTSD with concur-
rent ADHD.

o
KR

DEPRESSION AND
BIPOLAR DISORDERS

N

DEPRESSION

Major depressive disorder (MDD) requires a minimum of
2 weeks of symptoms, including either depressed mood or
loss of interest or pleasure in nearly all activities. Four addi-
tional symptoms must also be present (Table 18-1). In chil-
dren and adolescents, a new onset of irritability, restlessness,
or boredom may be seen instead of depressed mood. A sudden
drop in grades is often present. A change in appetite (usually
decreased but can be increased) with carbohydrate craving
with or without accompanying weight changes and sleep dis-
turbance along with somatic complaints (fatigue, vague aches
and pains) may also be present. Psychotic symptoms, seen in
severe cases of major depression, are generally mood-congru-
ent (e.g., derogatory auditory hallucinations, guilt associated
delusional thinking). Suicidal thoughts and attempts are com-
mon and should be evaluated.

The prevalence of MDD in prepubertal children is 2% with
1:1 female-to-male ratio; in adolescents the prevalence is 6%
to 8%, with a female-to-male ratio of 2:1 (similar to adults).
If untreated, major depression can become chronic in 10% of
patients.

Depression has a clear genetic predisposition, with family
history as the strongest single factor for developing MDD.
Twin studies show 40% to 65% heritability for depression.
Family studies show a twofold to fourfold increased risk for
depression in offspring of depressed parents. Other poten-
tial responsible factors for depression include dysregula-
tion of central serotonergic and/or noradrenergic systems,
hypothalamic-pituitary-adrenal axis dysfunction, and the
influence of pubertal sex hormones. The stress-diathesis
model relates to the interaction of genes and environment;
for example, a less functional genetic variant of the sero-
tonin receptor in presence of stressful life events could con-
tribute to depression.

Table 18-1 | Criteria for Diagnosis of a Major
Depressive Episode

A. Five or more of the following symptoms present during the
same 2-week period and represent a change from previous
functioning; at least one of the symptoms is either (1) depressed
mood or (2) loss of interest or pleasure. Note: Do not include
symptoms that are clearly due to a general medical condition or
mood-incongruent delusions or hallucinations

1. Depressed mood most of the day, nearly every day, as
indicated by either subjective report (e.g., feels sad or empty)
or observation made by others (e.g., appears tearful). Note: In
children and adolescents, mood can be irritable.

2. Markedly diminished interest or pleasure in all, or almost all,
activities most of the day, nearly every day (as indicated by
subjective account or observation by others)

3. Significant weight loss when not dieting or weight gain or
decrease or increase in appetite nearly every day. Note: In
children, consider failure to make expected weight gains

4. Insomnia or hypersomnia nearly every day

5. Psychomotor agitation or retardation nearly every day
(observable by others)

6. Fatigue or loss of energy nearly every day

7. Feelings of worthlessness or excessive or inappropriate guilt
(which may be delusional) nearly every day (not self-reproach
or guilt about being sick)

8. Diminished ability to think, concentrate, or be decisive nearly
every day (subjective account or as observed by others)

9. Recurrent thoughts of death (not just fear of dying), recurrent
suicidal ideation without a specific plan, a suicide attempt or a
specific plan for committing suicide

B. The symptoms do not meet criteria for a mixed manic episode.

C. The symptoms cause clinically significant distress or impairment
in social, occupational, or other important areas of functioning.

D. The symptoms are not due to the direct physiologic effects of
a drug or abuse, a medication, or a general medical condition
(e.g., hypothyroidism).

E. The symptoms are not better accounted for by bereavement,
and the symptoms persist >2 mo or are characterized by
marked functional impairment, morbid preoccupation with
worthlessness, suicidal ideation, psychotic symptoms, or
psychomotor retardation.

Dysthymic disorder and anxiety disorders (prevalence
30% and 80%, respectively), substance abuse (20% to 30%),
and disruptive behavior disorders (10% to 20%) are frequent
comorbid disorders in depressed children and adolescents.
Twenty percent of patients diagnosed with depression develop
bipolar disorder (BD); this is more common in cases with a
family history of mania or concurrent psychotic features.

The differential diagnoses for MDD are diverse and many.
It is always prudent to rule out mood disorder due to a gen-
eral medical condition or substance-induced mood disorders
before considering MDD. Schizophrenia in its initial stages
and the dysphoria related to untreated attention-deficit/
hyperactivity disorder (ADHD) may also be mistakenly diag-
nosed as depression. Hypothyroidism, anemia, diabetes, and
folate and B, vitamin deficiencies need to be ruled out.

Dysthymic disorder (prevalence rate 0.6% to 1.7%) is
a chronic, milder form of depression characterized by a
depressed or irritable mood (subjectively or described by oth-
ers) present for at least 1 year. Two of the following symptoms
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are also required: changes in appetite; sleep difficulty, fatigue;
low self-esteem; poor concentration or difficulty with making
decisions; and feelings of hopelessness. About 70% of children
and adolescents with dysthymic disorder eventually develop
major depression. The development of MDD after dysthymia
is often referred to as double depression.

Atypical depression is MDD characterized by hypersom-
nia, increased appetite with carbohydrate craving, weight gain,
interpersonal rejection sensitivity, and mood reactivity.

Adjustment disorder with depressed mood is the most
common depressive disorder in children and adolescents.
Symptoms start within 3 months of an identifiable stressor
(e.g., loss of a relationship), with distress in excess of what
would be expected and interference with social, occupational,
or school functioning. Symptoms should not meet criteria for
another psychiatric disorder, should not be caused by bereave-
ment, and should not last longer than 6 months after the
stressor has stopped.

Seasonal affective disorder is a condition common in
northern or extreme southern latitudes, in which depressive
symptoms occur in the late fall and early winter when the
hours of daylight are shortening.

Depressive disorder not otherwise specified is a diagno-
sis used when patients have functionally impairing depressive
symptoms that do not meet criteria for another condition.

Treatment of depression involves psychopharmacy and
psychotherapy. First line antidepressant selective serotonin
reuptake inhibitors (SSRIs) have response rates of 50% to 70%
despite high-placebo response rate. Fluoxetine is the only agent
approved by the U.S. Food and Drug Administration (FDA)
for treatment of youth. Citalopram, escitalopram, paroxetine,
and venlafaxine have positive clinical trial results as well. An
antidepressant should be given an adequate trial (6 weeks at
therapeutic doses) before switching or discontinuing unless
there are serious side effects. For a first episode of depression
in children and adolescents, treatment for 6 to 9 months after
remission of symptoms is recommended. Patients with recur-
rent or chronic depression may need to take antidepressants
for extended periods (years or even a lifetime). If a patient
does not respond to adequate trials of two or more antide-
pressants, a child psychiatrist should be consulted. The psy-
chiatrist’s evaluation should focus on diagnostic clarity and
psychosocial issues that might be preventing a full response.
The psychiatrist may use augmentation strategies that may
include lithium, thyroid hormone, lamotrigine, or bupropion.

For acute depression, more frequent visits are indicated,
and the risks of medication (including suicidal and self-
destructive behavior) should be discussed with parents,
guardians, and patients. Higher frequency of monitoring
can include phone calls or collaborative care with a psycho-
therapist. Parents and patients should also be educated about
warning signs and to call immediately if these new symptoms
occur. Notable side effects are thoughts of suicide, increased
agitation, or restlessness. Other side effects include headache,
dizziness, gastrointestinal symptoms, sleep cycle disturbance,
sexual dysfunction, akathisia, serotonin syndrome, and risk of
increased bruising (due to platelet inhibition.) There is also a
risk of SSRI-induced mania.

In 2004 the FDA issued warnings for all antidepressants
regarding suicidal thinking or behavior. The data suggest that
antidepressants pose a 4% risk, versus a 2% risk in placebo.
An increase in suicides in children and adolescents since that

year has many experts believing that it might be related to
low prescription of antidepressants and resultant untreated
depression. Substance use, concomitant conduct problems,
and impulsivity increase the risk of suicide.

Psychotherapy appears to have good efficacy in mild to mod-
erate depression. In moderate to severe depression, combined
treatment with psychotherapy and medication has the greatest
rate of response, although in severe cases the efficacy was equiv-
alent to medication alone. Cognitive-behavioral therapy and
interpersonal therapies are the empirically supported psycho-
therapies. Cognitive behavioral therapy and its derivative, dia-
lectic behavioral therapy (for borderline personality disorder),
involve techniques and skills-building to mitigate cognitive
distortions and maladaptive processing; whereas interpersonal
therapy focuses on collaborative decisions between the thera-
pist and patient and is based on the exploration and recogni-
tion of precipitants of depression. Family therapy is often used
as an adjunct to other treatments for depression.

Light therapy has been shown to be beneficial for seasonal
affective disorder and in MDD with a seasonal component.
Electroconvulsive therapy is used in refractory and life-
threatening depression.

Depression is a chronic and debilitating illness that often
starts in childhood or adolescence. It increases risk for future
suicide, substance use, and other psychiatric sequelae. Adoles-
cent depressive disorders are more likely to be recurrent into
adulthood than childhood onset depression.

Suicide is a fatal complication of MDD and surpasses motor
vehicle accidents as a cause of death in adolescents. It has high
prevalence among high school students with 20% having con-
templated suicide and 8% having attempted each year. While
the risk of suicide during an MDD episode is high, it can be
paradoxically higher during start of treatment as energy and
motivation improve with cognitive recovery from depression.

Treatment is targeted toward decreasing morbidity and
suicide. Along with treatments mentioned previously, modal-
ities such as hospitalization, partial hospital, therapeutic after-
school programs, or psychoeducation may be needed.

BIPOLAR DISORDERS

Bipolar disorder consists of distinct periods of mania (ele-
vated, expansive, or irritable moods and distractibility) that
may alternate with periods of severe depression (Table 18-2).

To diagnose mania associated with BD, euphoria (elevated
or expansive mood) and three additional symptoms; or irrita-
bility and four additional manic symptoms are required. Chil-
dren and adolescents with euphoric mood are bubbly, giggly,
and “over-the-top” happy, to a degree that is socially unac-
ceptable to others. Grandiosity in children is often dramatic.
Children act as if they are superior even when it is obvious
that it is not true, and they behave as if the laws of nature do
not apply to them. Racing thoughts are common in BD. Peri-
ods of extreme rage also are common. Children with BD often
present with rapid or ultra-rapid cycling with multiple shifts
between euthymia, mania, and depression.

A decreased need for sleep is a hallmark of mania. There are
no other diagnoses where a child has a greatly decreased amount
of total sleep (compared with age-appropriate norms) and is not
fatigued. Sleep deprivation, substance abuse, and antidepres-
sants may trigger mania. BD onset often begins with an episode
of depression. It is estimated that 33% of youth will develop BD
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Table 18-2 | Mania Symptoms

A. A distinct period of abnormally and persistently elevated,
expansive, or irritable mood, lasting at least 1 week (or any
duration if hospitalization is necessary)

B. During the period of mood disturbance, three or more of the
following symptoms have persisted (four if the mood is only
irritability) and are present to a significant degree:

1. Inflated self-esteem or grandiosity

2. Decreased need for sleep (e.g., feels rested after only 3 hours
of sleep)

3. More talkative than usual or pressure to keep talking

4. Flight of ideas or subjective experience that thoughts are
racing

5. Distractibility (i.e., easily drawn to unimportant or irrelevant
external stimuli)

6. Increased goal-directed activity (socially, at work or school, or
sexually) or psychomotor agitation

C. Excessive involvement in pleasurable activities that have a high
potential for painful consequences (e.g., unrestrained buying
sprees, sexual indiscretions, or foolish investments)

D. The symptoms do not meet criteria for a mixed episode.

E. The mood disturbance is sufficiently severe to cause marked
impairment in occupational functioning, usual social activities
or relationships with others or to necessitate hospitalization to
prevent harm to self or others, or with psychotic features.

F. The symptoms are not due to the direct physiologic effects of
a substance or a general medical condition. Note: Manic-like
episodes that are clearly caused by somatic antidepressant
treatment (e.g., medication, electroconvulsive therapy) should
not count toward a diagnosis of bipolar | disorder.

within 5 years of a depressive episode. Features associated with
switching include early-onset depression, psychomotor retarda-
tion, psychosis, mood lability, seasonal pattern, family history of
BD or mood disorders, and antidepressant-induced hypomania.
A mixed episode requires 1 week of symptoms of both a manic
and major depressive episode. Dysphoric mania is another term
used to describe periods of mania that are accompanied by “bad
feelings” Hypomania is used to describe a period of more than 4
but fewer than 7 days of manic symptoms. It also is used less spe-
cifically to describe less intense mania. The prevalence of psy-
chosis in adolescence (often auditory hallucinations) is 16% to
60%. Although high, it is still less than its prevalence in adult BD.

Bipolar II disorder includes at least one full major depres-
sive episode and at least one period of hypomania. Bipolar
disorder not otherwise specified is used to describe promi-
nent symptoms of BD that do not meet full diagnostic criteria
or when historical information is unclear.

Cyclothymic disorder is characterized by 2 years or more
(1 year in children) of numerous periods of hypomania and
depression that do not meet full criteria for either a manic or a
major depressive episode.

BD occurs in up to 4% of the general population. It is esti-
mated that 1% of children and adolescents meet diagnostic
criteria for BD. According to retrospective studies, 60% of BD
onset occurs before 20 years of age. Although BD in adults
tends to be gender neutral, it is estimated that prepubertal BD
is almost four times more frequently diagnosed in boys. This
may be because aggression is the main reason for referral for
psychiatric services.

The etiology of BD is multifactorial. Studies in BD point to
a highly familial etiology with family history of mental illness,
including major depression, BD, schizophrenia, or ADHD.
A first-degree relative with BD leads to a 10-fold increase in
a child’s chance of developing BD. An earlier onset of BD in a
parent increases the risk of early onset BD in offspring with a
more chronic and debilitating course that may be less respon-
sive to treatment.

The differential diagnosis for BD includes ADHD, major
depression, conduct disorder (CD), mood disorder due to a
general medical condition, substance-induced mood disorder,
pervasive developmental disorder, and schizophrenia.

Patients with BD often have concurrent conditions that war-
rant treatment. ADHD occurs in approximately 60% to 90% of
children with BD. Anxiety disorders also commonly occur with
BD and do not respond to antimanic agents. Substance abuse
can precipitate and perpetuate mania and depression. The alter-
ation between highs and lows related to some types of substance
abuse often mimics BD. Patients with BD may also self-medi-
cate in attempts to alleviate symptoms. Many patients with BD
may commit crimes and meet criteria for CD due to aggression
and impulsivity. Prominent symptoms of mania assist in dif-
ferentiating between CD and BD. Patients with BD generally
exhibit reactive aggression, whereas those with CD are more
likely to preplan and develop a typical pattern of crimes.

No laboratory or imaging studies can diagnose BD. Physical
examination, careful history, review of systems, and labora-
tory testing are done to rule out suspected medical etiologies,
including neurologic and substance-induced disorders.

Treatment of BD includes decreasing acute symptoms. The
FDA has approved lithium, divalproex sodium, carbamaze-
pine, olanzapine, risperidone, quetiapine, ziprasidone, and
aripiprazole for adults with BD. Lithium is the oldest proven
treatment for mania in adults and has been used effectively
in children and adolescents for years. Common side effects
of lithium include hypothyroidism, polyuria, and acne.
Divalproex is also a first-line agent (preferable for mixed or
rapid cycling cases) for adults. It has been used effectively for
decades in youth, but it is not FDA-approved. Periodic mon-
itoring of blood levels for select medications (lithium and
divalproex sodium) can help ensure both treatment safety and
the receipt of therapeutic amounts of the medication. Anti-
psychotics (risperidone, olanzapine, quetiapine, aripiprazole,
and ziprasidone) have had positive results in youth with BD. It
is likely that newer antipsychotics will also be effective in BD.

Treating comorbid psychiatric disorders must be done care-
fully. Stimulants may be used to treat ADHD once the patient
has been stabilized on a mood stabilizer. Antidepressants should
be avoided; if the youth is depressed or has significant anxiety
and is not responsive to other pharmacotherapy, cautious use
of antidepressants may be necessary. Careful monitoring for
manic reactivation, cycling, and suicidality is needed.

Cognitive and behavioral therapies are aimed at improv-
ing adherence to medication treatments and ameliorating
anxiety and depressive symptoms. Psychoeducation and fam-
ily therapy are needed to stabilize the patient’s environment
and improve prognosis. There should be continuous ongoing
safety assessment. Because developmental delays are also com-
mon in young children with BD due to poor learning while
symptomatic, collaboration with school regarding behavioral
management, special educational needs, and an appropriate
individualized educational plan is also needed.
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BD is an even higher risk factor for suicide than depres-
sion. Forty percent of children and 50% of adolescents with
BD attempt suicide. High levels of irritability, impulsivity,
and poor ability to consider consequences (substance abuse,
and so on) increase the risk of completed suicide. Attempt-
ers are usually older, more likely to have mixed episodes and
psychotic features, comorbid substance use, panic disorder,
nonsuicidal self-injurious behaviors, a family history of sui-
cide attempts, history of hospitalizations, and history of phys-
ical or sexual abuse. Ensuring safety is the first consideration.
Hospitalization, partial hospitalization, intensive outpatient
treatment, and intensive in-home services are used as needed
for stabilization and safety.

=
/
B

L

‘s /

OBSESSIVE-
COMPULSIVE
DISORDER

Obsessive-compulsive disorder (OCD) is characterized by
obsessions, compulsions, or both in the absence of another
psychiatric disorder that better explains the symptoms (Table
19-1). Obsessions are persistent intrusive thoughts, images, or
impulses. Compulsions are non-gratifying repeated behaviors
aimed at reducing or preventing distress or anxiety. Usually
the compulsions are performed to offset anxiety created by
the obsessions. In children, due to low level of insight, ritu-
als or compulsive symptoms may predominate over worries
or obsessions. Symptoms are usually recognized as being
excessive or unreasonable. Common examples of obsessions
in children are fears of contamination, repeated doubts, need
for orderliness, and aggressive or horrific impulses. Common
compulsions are hand washing, ordering, checking, request-
ing or demanding reassurance, praying, counting, repeating
words silently, and hoarding.

Prevalence of OCD in children and adolescents ranges from
1% to 4%, increasing with age. It is more common in boys at a
younger age and in girls during adolescence.

At least 50% of youth with OCD have at least one other
psychiatric illness. Psychiatric comorbidities include tics (20%
to 30%), mood and anxiety disorders (up to 75%), disruptive
behavior disorders (attention-deficit/hyperactivity disorder
[ADHD] and oppositional defiant disorder), developmental
disorders, body dysmorphic disorder, hypochondriasis, and
obsessive-compulsive personality disorder.

Twin studies suggest that obsessive-compulsive symptoms
are moderately heritable, with genetic factors accounting for
45% to 65% of variance.

Streptococcal infection causing inflammation in the basal
ganglia may account for 10% of childhood-onset OCD and is a
part of a condition referred to as pediatric autoimmune neuro-
psychiatric disorders associated with streptococcal (also known
as PANDAS) infection. Antistreptolysin O, antistreptococcal
DNAase B titers, and a throat culture assist in diagnosing a

Table 19-1 | Criteria for Diagnosis of Obsessive-
Compulsive Disorder

A. Either obsessions or compulsions
Obsessions are defined by (1), (2), (3), and (4).

1. Recurrent and persistent thoughts, impulses, or images
experienced at some time during the disturbance as intrusive
and inappropriate and causing marked anxiety or distress

2. Thoughts, impulses, or images are not simply excessive
worries about real-life problems.

3. The person attempts to ignore or suppress such thoughts,
impulses, or images or to neutralize them with some other
thought or action.

4. The person recognizes that the obsessional thoughts,
impulses, or images are a product of his or her own mind (not
imposed from without as in thought insertion).

Compulsions are defined by (1) and (2).

1. Repetitive behaviors (e.g., hand washing, ordering, checking)
or mental acts (e.g., praying, counting, repeating words
silently) that the person feels driven to perform in response to
an obsession or according to rigidly applied rules.

2. The behaviors or mental acts are aimed at preventing or
reducing distress or preventing some dreaded event or
situation; however, these behaviors or mental acts are not
realistically connected with what they are designed to
neutralize/prevent or are clearly excessive.

B. At some point, the person recognizes that the obsessions or
compulsions are excessive or unreasonable. Note: This is not
required for children.

C.The obsessions or compulsions cause marked distress; are time-
consuming (taking >1 hour a day); or significantly interfere with a
normal routine, occupational (or academic) functioning, or usual
social activities or relationships.

D.If another Axis | disorder is present, the content of the
obsessions or compulsions is not restricted to it (e.g.,
preoccupation with food in the presence of an eating disorder).

E. The disturbance is not due to thedirect physiologic effects of a
drug of abuse, a medication, or a general medical condition.

Specify the following:

With poor insight: if, for most of the time during the current
episode, the person does not recognize that the obsessions and
compulsions are excessive or unreasonable

group A beta-hemolytic streptococcal infection. Early antibi-
otic therapy may help treat these cases.

OCD has been linked to a disruption in the brain’s serotonin,
glutamate, and dopamine systems. Overactivity in neural path-
ways involving orbital frontal cortex and the caudate nucleus
has been implicated in OCD.

Physical examination may reveal rough, cracked skin as
evidence of excessive hand washing. The Yale-Brown Obses-
sive-Compulsive Scale (also known as Y-BOCS) is regarded as
the gold standard measure of obsessive-compulsive symptom
severity. Although somewhat lengthy, it can be helpful in the
clinical setting.

Cognitive-behavioral therapy (CBT) involving exposure
and response prevention is considered the treatment of
choice in milder cases. CBT provides durability of symptom
relief and avoidance of potential pharmacotherapy-associated
side effects. As with other anxiety disorders, CBT is at least
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as good, if not better, than medications. The combination of
medications and CBT has shown the best response.

Selective serotonin reuptake inhibitors (SSRI) are useful for
higher severity of symptoms and complications with comor-
bidities or when cognitive or emotional ability are insufficient
to cooperate in CBT. If quality CBT is not available, treatment
with medications alone while psychotherapy referral is pur-
sued is a reasonable choice.

SSRI (paroxetine, fluoxetine, fluvoxamine, sertraline, cit-
alopram and escitalopram) treatment is generally thought to
show a favorable risk-to-benefit ratio in OCD. Side effects such
as activation, akathisia, disinhibition, impulsivity, and hyper-
activity may be seen. Monitoring of height may be advisable
due to possible growth suppression associated with the SSRIs.

If an SSRI trial is unsuccessful, clomipramine can be tried
next. Combination therapy using an SSRI with an antipsychotic
medication (risperidone or another atypical antipsychotic)
is also considered especially with specific comorbidities, for
example, in tic disorders. Antipsychotics are also useful when
the intrusive thoughts associated with OCD become nearly
delusional in nature. Psychostimulants are used with comor-
bid ADHD, even though there is a risk that stimulants may
increase obsessional symptoms and tics.

Most responders exhibit partial response only, and as many
as one third of young people with OCD are refractory to treat-
ment. Poor prognostic factors include comorbid psychiatric
illness and a poor initial treatment response.

Deep brain stimulation of the basal ganglia, through surgi-
cally implanted electrodes and surgical interventions (anterior
capsulotomy, anterior cingulotomy, subcaudate tractotomy,
and limbic leucotomy), are reserved for very severe cases or
highly refractory cases.

The differential diagnosis for OCD includes psychotic disor-
ders, complex tics, other anxiety disorders, and obsessive-com-
pulsive personality disorder. Often a patient with OCD recognizes
that the intrusive thoughts are created by their own brain, whereas
psychotic patients feel they are not created by them. This may be
less clear in youth. A delusional fixation on appearance in body
dysmorphic disorder and impulsive hair pulling to relieve anx-
iety or tension in trichotillomania can be confused with OCD.
Obsessive-compulsive personality disorder is a character style
involving preoccupation with orderliness, perfectionism, and
control. No true obsessions or compulsions are present.

PERVASIVE
DEVELOPMENTAL
DISORDERS AND
PSYCHOSES

Pervasive developmental disorders, also known as autism
spectrum disorders (ASDs), consist of five disorders: autism,
Asperger syndrome, childhood disintegrative disorder, Rett
syndrome, and pervasive developmental disorder not other-
wise specified.

Onset of these disorders is in infancy and preschool years.
Hallmarks of these disorders include impaired communi-
cation and impaired social interaction as well as stereotypic
behaviors, interests, and activities. Mental retardation is com-
mon, with a few children showing remarkable isolated abilities
(savant or splinter skills).

ASDs are seen in less than 1% of the population with equal
prevalence among all racial and ethnic groups. The prevalence
is greater in boys (except for Rett syndrome), but girls with the
disorders tend to be more severely affected.

Differentiating features of the pervasive developmental dis-
orders are listed in Table 20-1.

Treatment of ASD is symptomatic and multimodal. At
present there are no treatments for the core symptoms of
ASDs. Antipsychotics (risperidone, olanzapine, quetiapine,
aripiprazole, ziprasidone, paliperidone, haloperidol, thiori-
dazine) are used for aggression, agitation, irritability, hyper-
activity, and self-injurious behavior. Anticonvulsants and
lithium can be used for aggression. Naltrexone has been used
to decrease self-injurious behavior, presumably by blocking
endogenous opioids. Selective serotonin reuptake inhibitors
are given for anxiety, perseveration, compulsions, depression,
and social isolation. Stimulants are useful for hyperactivity
and inattention (better response with Asperger syndrome).
There are reports of significant worsening of irritability and
aggression in some patients treated with stimulants. Alpha-2
agonists (guanfacine, clonidine) are used for hyperactivity,
aggression, and sleep dysregulation, although melatonin is
first-line medication for sleep dysregulation. Behavioral
management training for parents is useful in teaching pro-
tocols to help their child learn appropriate behavior. Spe-
cial educational services should be individualized for the
child. Occupational, speech, and physical therapy are often
required. Referral for disability services and support is often
warranted. Potentially useful therapies tailored to the indi-
vidual include applied behavioral analysis, discrete trial
training, and structured teaching. There is a need for fam-
ily support groups and individual supportive counseling for
parents. The prognosis for autism is guarded. There are no
known methods of primary prevention. Treatment and edu-
cational interventions are aimed at decreasing morbidity and
maximizing function.

AUTISM

Autism, the prototypic pervasive developmental disorder, is
characterized by lifelong marked impairment in reciprocal social
interaction, communication, and a restricted range of activities
and interests (Table 20-2). Approximately 20% of parents report
relatively normal development until 1 or 2 years of age, followed
by a steady or sudden decline. If no clinical manifestations of
the disorder are present by 3 years of age, Rett syndrome or
childhood disintegrative disorder need to be considered. As an
infant, there is delayed or absent social smiling. The young child
may spend hours in solitary play and be socially withdrawn
with indifference to attempts at communication. Patients with
autism often are not able to understand nonverbal communi-
cation (eye contact, facial expressions) and do not interact with
people as significantly different from objects. Speech often is
delayed and, when present, it is frequently dominated by echo-
lalia (sometimes mistaken as a sign of obsessive-compulsive
disorder [OCD]), perseveration (confused with psychosis or
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Table 20-1 | Pervasive Developmental Disorder: Characteristics

FEATURE AUTISM ASPERGER RETT CDD PDD-NOS
Epidemiology 10 cases per 10,000; 2.5 per 10,000; 5:1  0.44 to 2.1 per 10,000; 0.11 per 10,000 2 to 16 per 10,000
5:1 male-to-female  male-to-female diagnosed only in girls; associated
ratio ratio with MECP2 gene mutation
Onset Before age 3 yr Usually first Before age 5 yr; Head Child appears Variable;
recognized in circumference growth dramatically normal untilage2 ~ Child does not meet
preschool age; decelerates and child begins yr, then dramatic full criteria for other
Motor delays seen  losing skills. autistic-like picture  PDD
Language/ Marked Good verbal Very marked Marked (normal Variable
communication ability but poor previously)
impairment communication
Motor issues Poor; May be Fine and gross Significant loss of motor abilities,  Often preserved Variable
preserved motor difficulties  hand-washing stereotypes; A but child may lose
previously characteristic hand-wringing some skills
movement exists.
Restricted Marked, Highly Significant psychomotor Marked, as in Variable;
interests mannerisms, trouble  circumscribed retardation autism mannerisms may
with change, interests that may be less prominent,
occasionally savant  interfere with but child is often
ability functioning troubled by change.

CDD, Childhood disintegrative disorder; PDD-NOS, pervasive developmental disorder-not otherwise specified.

OCD), pronoun reversal, nonsense rhyming, and other abnor-
malities. Intense absorbing interests, ritualistic behavior, and
compulsive routines are characteristic, and their disruption
often invokes tantrum or rage reactions. Head banging, teeth
grinding, rocking, diminished responsiveness to pain and exter-
nal stimuli, and self-mutilation may be noted.

Although the etiology of autistic disorder is unknown, there
is an increased risk of autistic disorder in siblings compared to
the general population. Twin studies have revealed high levels
of concordance for monozygotic twins. Family studies reveal
prevalence rates of between 2% and 10% in siblings, and, when
absent, there may be increased risk for language, learning, and
social development problems.

It is proposed that the brain connectivity is adversely
affected. Abnormalities in the limbic system, temporal, and
frontal lobes have been suggested. Some postmortem stud-
ies reveal abnormalities in the brain microarchitecture, size,
and neuronal packing. Functional magnetic resonance imag-
ing (MRI) studies show hypoactivity of the fusiform gyrus of
the amygdala, a location involved in face processing tasks and
facial expression recognition involved in social and affective
judgments.

The American Academy of Pediatrics recommends screen-
ing for autism at 18 and 24 months of age. Comprehensive
testing should be done if there is an affected sibling or paren-
tal, other caregiver, or pediatric concern.

There are no definitive laboratory studies for autistic disor-
der, but they can help rule out other diagnoses. A hearing test
(may account for the language deficits), chromosomal testing
(to identify fragile X syndrome, tubular sclerosis, and genetic
polymorphisms), congenital viral infections, and metabolic
disorders (phenylketonuria) should be performed. Electro-
encephalography abnormalities may be seen in 20% to 25%
of children with autism but are not diagnostic. Psychological
tests in children with autism often show strengths in nonverbal
tasks (e.g., puzzles) and marked deficiency in verbal cognitive
abilities. IQ is usually low, though savant skills and hyperlexia
(a precocious interest in letters and numbers) are sometimes

observed. Speech pathology consultation can be helpful in
evaluating the communication difficulties.

Common comorbidities are mental retardation (in up to
80%), seizure disorder (in 25%), anxiety disorders, OCD, and
attention-deficit/hyperactivity disorder. Seizures often start
around the onset of puberty. Higher IQ and better language
skills are related to improved prognosis. Good communica-
tion by the age of 6 years and average nonverbal cognitive
skills predict the likelihood of living independently or in a less
structured group living situation.

The earliest studies of autism suggested a relatively poor
prognosis, with only a small number of individuals (1% to
2%) being able to function independently as adults. Recent
research reveals major gains, but not a cure, with early diagno-
sis and treatment.

SCHIZOPHRENIA

Schizophrenia generally presents in adolescence or early adult-
hood. The same diagnostic criteria are applied as in adults but
must be interpreted in terms of the developmental stage of the
child (Table 20-3).

Childhood-onset schizophrenia is a rare disorder (<1 in
10,000 children) and usually indicates a more severe form of
schizophrenia. The frequency increases between 13 and 18
years of age. Boys tend to be affected about twice as often as
girls, regardless of ethnic or other cultural factors. The eti-
ology of schizophrenia is unknown. Numerous studies have
shown genetic predisposition and linkages for the disorder.
In addition, family studies consistently show a higher risk in
monozygotic twins compared with dizygotic twins and sib-
lings. First-degree relatives of patients with schizophrenia
have a 10-fold higher risk.

The symptoms of schizophrenia typically fall into four
broad categories:

« Positive symptoms include hallucinations and delusions.

Hallucinations are auditory or visual misperceptions that

occur without external stimuli. Delusions are fixed false
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Table 20-2 | Criteria for Diagnosis of Autistic Disorder Table 20-3 | Criteria for Diagnosis of Schizophrenia

A. Six or more items from (1), (2), and (3), with at least two from (1
and one each from (2) and (3)

1. Qualitative impairment in social interaction, as manifested by at
least two of the following:

a. Marked impairment in the use of multiple nonverbal
behaviors, such as eye-to-eye gaze, facial expression, body
postures, and gestures to regulate social interaction

b. Failure to develop peer relationships appropriate to
developmental level

c. A lack of spontaneously seeking to share enjoyment, interests,
or achievements with other people (e.g., by a lack of showing,
bringing, or pointing out objects of interest)

d. Lack of social or emotional reciprocity

2. Qualitative impairments in communication as manifested by at
least one of the following:

a. Delay in, or total lack of, the development of spoken
language (not accompanied by attempts to compensate
through alternative modes of communication, such as gesture
or mime)

b. In individuals with adequate speech, marked impairment in
the ability to initiate or sustain a conversation with others

c. Stereotyped and repetitive use of language or idiosyncratic
language

d. Lack of varied, spontaneous make-believe play or social
imitative play appropriate to developmental level

3. Restricted repetitive and stereotyped patterns of behavior,
interests, and activities, as manifested by at least one of the
following:

a. Encompassing preoccupation with stereotyped and restricted
patterns of interest that is abnormal either in intensity or focus

b. Apparently inflexible adherence to specific, nonfunctional
routines or rituals

. Stereotyped and repetitive motor mannerisms (e.g., hand-
or finger-flapping or twisting or complex whole body
movements)

[e]

d. Persistent preoccupation with parts of objects

B. Delays or abnormal functioning in at least one of the following
areas, with onset before age 3 yr

1. Social interaction
2. Language as used in social communication
3. Symbolic or imaginative play

C. The disturbance is not better accounted for by Rett syndrome or
childhood disintegrative disorder.

beliefs and can be bizarre or non-bizarre, depending on
cultural norms.

» Negative symptoms include a lack of motivation and
social interactions and flat effect. Negative symptoms are
most frequent in early childhood and later adolescence.
Children with high IQs often show more positive and
fewer negative symptoms than children with low IQs.

« Disorganization of thoughts and behavior can cause
significant impairment.

+ Cognitive impairment is common and is perhaps the
most disabling feature of schizophrenia, causing marked
social and functional impairment.

A. Characteristic symptoms: two of the following, each present for
a significant portion of time during a 1-month period (or less if
successfully treated)

1. Delusions
2. Hallucinations

3. Disorganized speech (e.g., frequent derailment or
incoherence)

4. Grossly disorganized or catatonic behavior

5. Negative symptoms (i.e., affective flattening, alogia, or
avolition)

Note: Only one criterion A symptom is required if delusions are
bizarre or hallucinations consist of a voice keeping up a running
commentary on the person'’s behavior or thoughts or two or more
voices conversing with each other.

B. Social/occupational dysfunction: for a significant portion of
the time since the onset of the disturbance, major areas of
functioning, such as work, interpersonal relations, or self-care,
are markedly below the level achieved before the onset (or
when the onset is in childhood or adolescence, failure to achieve
expected level of interpersonal, academic, or occupational
achievement).

C. Duration: continuous signs of the disturbance persist for at
least 6 months with at least 1 month of symptoms (or less if
successfully treated) that meet criterion A (i.e., active-phase
symptoms) and may include periods of prodromal or residual
symptoms. During prodromal or residual periods, signs of
disturbance may be manifested by only negative symptoms or
symptoms listed in criterion A present in an attenuated form
(e.g., odd beliefs, unusual perceptual experiences).

D. Schizoaffective and mood disorder exclusion: schizoaffective
disorder and mood disorder with psychotic features have been
ruled out because either (1) no major depressive, manic, or
mixed episodes have occurred concurrently with the active-
phase symptoms or (2) if mood episodes have occurred during
active-phase symptoms, their total duration has been brief
relative to the duration of the active and residual periods.

E. The disturbance is not due to the direct physiologic effects of a
drug abuse, a medication, or a general medical condition.

F. If there is a history of autistic disorder or another pervasive
developmental disorder, the additional diagnosis of
schizophrenia is made only if prominent delusions or
hallucinations also are present for at least 1 month (or less if
successfully treated).

Classification of longitudinal course (can be applied only after
at least 1 year has elapsed since the initial onset of active-phase
symptoms):

Episodic with inter-episode residual symptoms (episodes are
defined by the reemergence of prominent psychotic symptoms);
also specify if: with prominent negative symptoms.

Episodic with no inter-episode residual symptoms

Continuous (prominent psychotic symptoms are present
throughout the period of observation); also specify if: with
prominent negative symptoms.

There are five subtypes of schizophrenia: paranoid, disorga-

nized, catatonic, undifferentiated, and residual.

 Paranoid type: prominent hallucinations and delusions
with relatively normal cognition. The delusions are often
persecutory, but other types of delusions also may occur.

» Disorganized type: disorganized speech, disorganized
behavior, and flat or inappropriate affect.
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« Catatonic type: prominent psychomotor abnormalities
that may include extreme inactivity or excessive motor
activity. Cataplexy (waxy flexibility) is rare in children
and adolescents.

+ Undifferentiated type: case in which a patient meets the
diagnostic criteria for schizophrenia but not paranoid,
disorganized, or catatonic type.

 Residual type: clinical situation in which full diagnostic
criteria have been met previously but no current,
prominent, positive symptoms.

To meet criteria for diagnosing schizophrenia, clinical
symptoms should be present for at least 6 months. If symp-
toms are present for less than 1 month, the condition is called
a brief psychotic disorder. If symptoms are present for more
than 1 month but less than 6 months, a diagnosis of schizo-
phreniform disorder is made. Psychotic symptoms that do
not meet full diagnostic criteria for schizophrenia but are
clinically significant are diagnosed as psychotic disorder not
otherwise specified.

There are several disorders that have to be distinguished
from schizophrenia. These include the following:

Schizoaffective disorder is diagnosed when a person has
clear symptoms of schizophrenia for at least 2 weeks without
active symptoms of depression or mania. These affective syn-
dromes occur at other times, even when psychotic symptoms
are present.

Major depression with psychotic features and bipolar
disorder with psychotic features are diagnoses made when
psychotic symptoms occur during the course of depression or
mania only. Psychotic disorder due to a general medical con-
dition describes psychotic symptoms that are judged to be the
direct result of a general medical condition.

Substance-induced psychotic disorders have psychotic
symptoms related to drug or alcohol ingestion.

Shared psychotic disorder, folie a deux, occurs when delu-
sional symptoms from one person influence delusions, with
similar content, in another person.

Other disorders in the differential diagnoses are autism, child-
hood disintegrative disorder (Heller syndrome), Asperger syn-
drome, drug-induced psychosis, and organic brain disorders.

No diagnostic tests or imaging studies are specific for
schizophrenia. It is a clinical diagnosis of exclusion. Obtain-
ing a family history with attention to mental illness is crit-
ical. The workup of schizophrenia includes physical and
neurologic examinations, MRI, electroencephalography (to
rule out epilepsy, especially temporal lobe epilepsy), drug
screening, and metabolic screening for endocrinopathies.
Evaluation to rule out Wilson disease and delirium is also
indicated. Psychotic symptoms in younger children must be
differentiated from manifestations of normal vivid fantasy
life or abuse-related symptoms. Youth with posttraumatic

stress disorder often have vivid recollections and nightmares
related to abuse but sometimes are less specific and can
include nightmares with other negative topics. Psychologi-
cal testing can be helpful in identifying psychotic thought
processes.

Treatment is based on a multimodal approach, including
use of antipsychotic medications. First-line drugs are atypical
antipsychotics (e.g., risperidone, olanzapine, quetiapine, arip-
iprazole, ziprasidone, and paliperidone). Second-line medica-
tions are typical antipsychotics (e.g., haloperidol, thiothixene,
chlorpromazine, trifluoperazine, loxapine, and molindone).
It is likely that the newer antipsychotics approved for adults
will also work in youth. However, these are not yet approved
in youth by the US. Food and Drug Administration. Anti-
psychotics can be augmented with lithium or another mood
stabilizer. Clozapine or electroconvulsive therapy is generally
reserved for resistant cases.

Psychosocial treatments, including skills training, sup-
portive psychotherapy, behavior modification, and cognitive-
behavioral therapy, are all appropriate and should be
considered as needed for individual patients. Attention should
be paid to psychoeducation for parents and the child about the
disease and its treatments. School interventions are needed to
ensure that any special learning needs are addressed.

The course of illness for schizophrenia varies in exacer-
bations and remissions of psychotic symptoms. The poorest
prognosis is seen if the onset is at an age younger than 13
years, with poor premorbid function, when marked negative
symptoms are present, and when a family history of schizo-
phrenia exists.
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Chapter 21

FAILURE TO THRIVE

Failure to thrive (FTT) is a descriptive term given to malnour-
ished infants and young children who fail to meet expected
standards of growth. FTT is most often used to describe mal-
nutrition related to environmental or psychosocial causes. In
many children with inadequate growth, however, organic and
environmental contributors coexist, underscoring the impor-
tance of assessing potential medical, nutritional, developmen-
tal, psychosocial, and environmental contributors in all cases.

FTT is often diagnosed by weight that falls or remains below
the 3rd percentile for age; decreases, crossing two major per-
centile lines on the growth chart over time; or is less than 80%
of the median weight for the height of the child. Caveats to
these definitions exist. According to growth chart standards,
3% of the population naturally falls below the 3rd percen-
tile. These children, who typically have short stature or con-
stitutional delay of growth, usually are proportional (normal
weight for height). Additionally in the first few years of life,
large fluctuations in percentile position can occur in normal
children. Changes in weight should be assessed in relation to
height (length) and head circumference.

Weight that decreases from a disproportionately high per-
centile to one that is proportional causes no concern, but
weight that decreases to a disproportionately low percentile is
of concern. Allowances must be made for prematurity; weight
corrections are needed until 24 months of age, height correc-
tions until 40 months of age, and head circumference correc-
tions until 18 months of age. Although some growth variants
can be difficult to distinguish from FTT, growth velocity and
height-for-weight determinations can be useful in distin-
guishing the cause. In children with FT'T, malnutrition ini-
tially results in wasting (deficiency in weight gain). Stunting
(deficiency in linear growth) generally occurs after months of
malnutrition, and head circumference is spared except with
chronic, severe malnutrition. FTT that is symmetric (pro-
portional weight, height/length, and head circumference)
suggests long-standing malnutrition, chromosomal abnor-
malities, congenital infection, or teratogenic exposures. FTT
is a common problem in pediatrics, affecting 5% to 10% of
young children, 3% to 5% of children admitted to hospitals,
and 15% of children living in poverty and foster care.

SECTION

S

ETIOLOGY

Because possible causes of growth failure are diverse and often
multifactorial, the management of FI'T begins with a careful
search for its etiology (Table 21-1). The common causes of
FTT vary by age, which should be reflected in the evaluation
(Table 21-2). In most cases, a comprehensive history and phys-
ical examination are sufficient to suggest or eliminate medical
disease as the primary cause of FTT. Medical diseases are diag-
nosed in fewer than 50% of children hospitalized for growth
failure and even less frequently in children managed in the out-
patient setting. Growth failure is often a manifestation of more
extensive family problems. It is clinically useful to categorize the
causes of malnutrition into inadequate nutritional intake, inad-
equate nutrient absorption, or increased metabolic demand.

DIAGNOSIS AND CLINICAL
MANIFESTATIONS

//_

Failure to Thrive

A medical history should include prenatal history prematurity,
birth size (weight, length, and head circumference), as well as
family and travel history. Indicators of medical diseases, such
as vomiting, diarrhea, fever, respiratory symptoms, and fatigue,
should be noted. A careful diet history is essential. Lactation
problems in breastfed infants and improper formula prepara-
tion are frequent causes of growth failure early in infancy. It is
crucial to evaluate intake of solid foods and liquids for older
infants and children. Due to parental dietary beliefs, some
children have inappropriately restricted diets; others drink
excessive amounts of fruit juice, leading to malabsorption or
anorexia. The child’s daily meal schedule (timing, frequency,
location) should also be noted. Mealtime practices, especially
distractions that interfere with completing meals, can influ-
ence growth. A complete psychosocial assessment of the child
and family is required. Child factors (temperament, develop-
ment), parental factors (depression, domestic violence, social
isolation, mental retardation, substance abuse), and environ-
mental and societal factors (poverty, unemployment, illiteracy,
lead toxicity) all may contribute to growth failure.

A complete physical examination and developmental scre-
ening should assess signs of inflicted injury; oral or dental
problems; indicators of pulmonary, cardiac, or gastrointestinal

67
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Table 21-1 | Causes of Failure to Thrive Table 21-2 | Common Causes of Malnutrition in Early Life

ENVIRONMENTAL (COMMON)
Emotional deprivation
Rumination

Child maltreatment

Maternal depression

Poverty

Poor feeding techniques
Improper formula preparation
Improper mealtime environment
Unusual parental nutritional beliefs
GASTROINTESTINAL

Cystic fibrosis and other causes of pancreatic insufficiency

Celiac disease

Other malabsorption syndromes
Gastrointestinal reflux
CONGENITAL/ANATOMIC

Chromosomal abnormalities, genetic syndromes

Congenital heart disease

Gastrointestinal abnormalities (e.g., pyloric stenosis, malrotation)

Vascular rings

Upper airway obstruction

Dental caries

Congenital immunodeficiency syndromes
INFECTIONS

Human immunodeficiency virus
Tuberculosis

Hepatitis

Urinary tract infection, chronic sinusitis, parasitic infection

METABOLIC

Thyroid disease

Adrenal or pituitary disease
Aminoaciduria, organic aciduria
Galactosemia

NEUROLOGIC

Cerebral palsy

Hypothalamic and other central nervous system tumors
Hypotonia syndromes
Neuromuscular diseases
Degenerative and storage diseases
RENAL

Chronic renal failure

Renal tubular acidosis

Urinary tract infection
HEMATOLOGIC

Sickle cell disease

Iron deficiency anemia

NEONATE

Failed breastfeeding
Improper formula preparation
Congenital syndromes
Prenatal infections
Teratogenic exposures
EARLY INFANCY

Maternal depression
Improper formula preparation
Gastroesophageal reflux
Poverty

Congenital heart disease
Cystic fibrosis

Neurologic abnormalities
Child neglect

LATER INFANCY

Celiac disease

Food intolerance

Child neglect

Delayed introduction of age-appropriate foods
Juice consumption

AFTER INFANCY

Acquired diseases

Highly distractible child

Juice consumption
Autonomy struggles
Inappropriate mealtime environment

Inappropriate diet

disease; and dysmorphic features that may suggest a genetic
or teratogenic cause for growth failure. A complete neurologic
examination may reveal spasticity or hypotonia, which can
have untoward effects on feeding and growth. Physical find-
ings related to malnutrition include decreased subcutaneous
fat, decreased muscle mass, dermatitis, hepatomegaly, chei-
losis, or edema (see Chapter 30). Additionally children with
FTT have more otitis media, respiratory, and gastrointestinal
infections than age-matched controls; severely malnourished
children are at risk for a variety of serious infections.

The history and physical examination findings should guide
the laboratory evaluation. Simple screening tests are recom-
mended to identify common illnesses that cause growth failure
and to search for medical problems resulting from malnutri-
tion. Initial tests may include a complete blood count; screen-
ing for iron deficiency anemia and lead toxicity; urinalysis,
urine culture, and serum electrolytes to assess renal infection or
dysfunction; thyroid stimulating hormone; liver function tests;
and a protein purified derivative test to screen for tuberculosis.
Human immunodeficiency virus testing may also be indicated.
For children with diarrhea, abdominal pain, or malodorous
stools, a stool sample for culture and ova and parasites may be
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indicated. A review of the child’s newborn screen may also be
warranted. Observation during feeding and home visitation, if
possible, is of great diagnostic value in assessing feeding prob-
lems, food preferences, mealtime distractions, unusual or dis-
ruptive parent-child interactions, and the home environment.

TREATMENT

Treatment must address the child’s nutritional requirements
and the social issues of the family. Initial treatment should focus
on the nutritional and medical management of the child while
engaging the family in the treatment plan. Parents of malnour-
ished children may feel personally responsible and threatened
by the diagnosis of FTT. Parents may be so depressed or dys-
functional they cannot focus on their child’s needs; they may
not recognize the psychosocial and family contributors to the
malnutrition. These issues can have a profound effect on the
success of treatment, and they need to be addressed.

Children with mild malnutrition whose cause is easily iden-
tified can be managed by the primary care physician and family.
In more challenging cases, a multidisciplinary team, including
pediatricians, nutritionists, developmental specialists, nurses,
and social workers, improves nutritional outcome in children
with FTT. Most children with FTT can be treated in the out-
patient setting. Children with severe malnutrition, underlying
diagnoses that require hospitalization for evaluation or treat-
ment, or whose safety is in jeopardy because of maltreatment
require hospitalization. Admitting children to the hospital to
induce and document weight gain is not recommended unless
intensive outpatient evaluation and intervention has failed or
the social circumstances are a contraindication for attempting
outpatient management.

Nutritional management is the cornerstone of treatment,
regardless of the etiology. Children with FTT may require more
than 1.5 times the expected calorie and protein intake for their
age for catch-up growth. Children with FTT who are anorexic
and picky eaters may not be able to consume this amount in
volume and require calorically dense foods. For formula-fed
infants, the concentration of formula can be adjusted appro-
priately (Table 21-3). For toddlers dietary changes should
include increasing the caloric density of favorite foods by add-
ing butter, oil, sour cream, peanut butter, or other high-calorie
foods. High-calorie oral supplements (30 cal/oz) are often
well tolerated by toddlers. In some cases, specific carbohy-
drate, fat, or protein additives are used to boost calories by
increasing calories without increasing volume requirements.
Additionally vitamin and mineral supplementation is needed,
especially during catch-up growth. In general the simplest and
least costly approach to dietary change is warranted.

Depending on the severity of the malnutrition, initiation of
catch-up growth may take 2 weeks. Initial weight gain two to
three times normal growth can be seen. Weight improvement
precedes improvement in stature. For children with chronic,
severe malnutrition, many months are needed to reverse all
trends in growth. Although many children with FTT eventu-
ally reach normal size, they remain at risk for developmental,
learning, and behavioral problems.

COMPLICATIONS

Malnutrition causes defects in host defenses. Children with
FTT may suffer from a malnutrition-infection cycle, in which

Table 21-3 | Infant Formula Preparation

AMOUNT
AMOUNT OF POWDER/  OF WATER FINAL
LIQUID (02) CONCENTRATION
1 cup powdered formula 29 20 kcal/oz
4 scoops powdered formula 8 20 kcal/oz
13 oz liquid concentrate 13 20 kcal/oz
1 cup powdered formula 24 24 kcal/oz
5 scoops powdered formula 24 kcal/oz
13 oz liquid concentrate 24 kcal/oz
1 cup powdered formula 21 27 keal/oz
5.5 scoops powdered formula 27 keal/oz
13 oz liquid concentrate 27 keal/oz

From Jew R, editor: Department of Pharmacy Services Pharmacy Handbook
and Formulary, 2000-2001. Hudson, Ohio, 2000, Department of Pharmacy
Services, p 422.

*Final concentrations are reached by adding formula to water. One scoop of
powdered formula = one measuring tablespoon. For healthy infants, formulas
are prepared to provide 20 kcal/oz.

recurrent infections exacerbate malnutrition, leading to greater
susceptibility to infection. Children with FI'T must be evalu-
ated and treated promptly for infection and followed closely.
During starvation, the body slows metabolic processes and
growth to minimize the need for nutrients and uses its stores
of glycogen, fat, and protein to maintain normal metabolic
requirements. The body also generally maintains homeosta-
sis and normal serum concentrations of electrolytes. With
the rapid reinstitution of feeding after starvation, fluid and
electrolyte homeostasis may be lost. Changes in serum elec-
trolyte concentrations and the associated complications are
collectively termed the refeeding syndrome. These changes
typically affect phosphorus, potassium, calcium, and magne-
sium and can result in life-threatening cardiac, pulmonary,
or neurologic problems. Infants and children with marasmus,
kwashiorkor, and anorexia nervosa and those who have had
prolonged fasting are at risk for refeeding syndrome. Refeed-
ing syndrome can be avoided by slow institution of nutrition,
close monitoring of serum electrolytes during the initial days
of feeding, and prompt replacement of depleted electrolytes.
Occasionally children who live in psychological deprivation
develop short stature with or without concomitant FTT or
delayed puberty, a syndrome called psychosocial short stat-
ure. The signs and symptoms include polyphagia, polydipsia,
hoarding and stealing of food, gorging and vomiting, drinking
from toilet bowls, and other notable behaviors. Affected chil-
dren are often shy and passive and are typically depressed and
socially withdrawn. Endocrine dysfunction is often identified
in affected children, who may have decreased growth hor-
mone secretion and a muted response to exogenous growth
hormone. Removal of the child from the adverse environment
typically results in rapid improvement in endocrine function
and subsequent rapid somatic and pubertal growth of the
child. The prognosis for children with psychosocial short stat-
ure depends on the age at diagnosis and the degree of psy-
chological trauma. Early identification and removal from the
environment portends a healthy prognosis. Those diagnosed
in later childhood or adolescence may not reach their genetic
potential for growth and have a poorer psychosocial prognosis.
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CHILD ABUSE AND
NEGLECT

Few social problems have as profound an impact on the
well-being of children as child abuse and neglect. Each year in
the United States, 3 million reports of suspected maltreatment
are made to child welfare agencies. Approximately 1 million
of these reports are substantiated after investigation by Child
Protective Services (CPS). These reports represent only a small
portion of the children who suffer from maltreatment. Paren-
tal surveys indicate that several million adults admit to phys-
ical violence against their children each year, and many more
adults report abusive experiences as children. Federal and state
laws define child abuse and neglect. Each state determines the
process of investigating abuse, protecting children, and hold-
ing perpetrators accountable for their actions or inactions.
Adverse childhood events, such as child abuse and neglect,
increase the risk of the individual’s developing behaviors in
adolescence and adulthood that predict adult morbidity and
early mortality. The ability to recognize child maltreatment
and effectively advocate for the protection and safety of a child
is a great challenge in pediatric practice that can have a pro-
found influence on the health and future well-being of a child.

Child abuse is parental behavior destructive to the normal
physical or emotional development of a child. Because per-
sonal definitions of abuse vary according to religious and
cultural beliefs, individual experiences, and family upbring-
ing, various physicians have different thresholds for reporting
suspected abuse to CPS. In every state, physicians are man-
dated by law to identify and report all cases of suspected child
abuse and neglect. It is the responsibility of CPS to investi-
gate reports of suspected abuse to ensure the ongoing safety
of the child. State laws also define intentional or reckless acts
that cause harm to a child as crimes. Law enforcement inves-
tigates crimes such as sexual abuse and serious physical abuse
or neglect for possible criminal charges against a perpetrator.

Child abuse and neglect are often considered in broad cat-
egories that include physical abuse, sexual abuse, emotional
abuse, and neglect. Neglect is the most common, accounting
for approximately half of the reports made to child welfare
agencies. Child neglect is defined by omissions that prevent a
child’s basic needs from being met. These needs include ade-
quate food, clothing, supervision, housing, health care, edu-
cation, and nurturance. Child abuse and neglect result from
a complex interaction of individual, family, and societal risk
factors. Although some risk factors, such as parental substance
abuse, maternal depression, and domestic violence, are strong
risk factors for maltreatment, they are better considered as
broadly defined markers to alert a physician to a potential risk,
rather than determinants of specific abuse and neglect.

The ability to identify victims of child abuse varies by the age
of the patient and the type of maltreatment sustained. Children
who are victims of sexual abuse are often brought for medical
care after the child makes a disclosure, and the diagnosis is
straightforward. Physically abused infants may be brought for

medical evaluation of irritability or lethargy, without a disclo-
sure of trauma. If the infant’s injuries are not severe or visible,
the diagnosis may be missed. Approximately one third of infants
with abusive head trauma initially are misdiagnosed by unsus-
pecting physicians, only to be identified after sustaining further
injury. Although physicians are inherently trusting of parents, a
constant awareness of the possibility of abuse is needed.

PHYSICAL ABUSE
> Decision-Making Algorithms
’ Available @ StudentConsult.com

Extremity Pain
Altered Mental Status
Alopecia

The physical abuse of children by parents affects children of
all ages. It is estimated that 1% to 2% of children are physi-
cally abused during childhood and that approximately 1500
children are fatally injured each year. Although mothers are
most frequently reported as the perpetrators of physical abuse,
serious injuries, such as head or abdominal trauma, are more
likely to be inflicted by fathers or maternal boyfriends. The
diagnosis of physical abuse can be made easily if the child is
battered, has obvious external injuries, or is capable of provid-
ing a history of the abuse. In many cases, the diagnosis is not
obvious. The history provided by the parent is often inaccurate
because the parent is unwilling to provide the correct history
or is a nonoffending parent who is unaware of the abuse. The
child may be too young or ill to provide a history of the assault.
An older child may be too scared to do so or may have a strong
sense of loyalty to the perpetrator.

A diagnosis of physical abuse initially is suggested by a his-
tory that seems incongruent with the clinical presentation of
the child (Table 22-1). Although injury to any organ system
can occur from physical abuse, some injuries are more com-
mon. Bruises are universal findings in healthy ambulatory
children but also are among the most common injury iden-
tified in abused children. Bruises suggestive of abuse include
those that are patterned, such as a slap mark on the face or
looped extension cord marks on the body (Fig. 22-1). Bruises

Table 22-1 | Clues to the Diagnosis of Physical Abuse

A child presents for medical care with significant injuries, and a
history of trauma is denied, especially if the child is an infant or
toddler.

The history provided by the caregiver does not explain the injuries
identified.

The history of the injury changes significantly over time.

A history of self-inflicted trauma does not correlate with the child's
developmental abilities.

There is an unexpected or unexplained delay in seeking medical
care.

Multiple organ systems are injured, including injuries of various
ages.

The injuries are pathognomonic for child abuse.
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in healthy children generally are distributed over bony prom-
inences; bruises that occur in an unusual distribution, such
as isolated to the torso, ears or neck, should raise concern.
Bruises in nonambulatory infants are unusual, occurring in
less than 2% of healthy infants seen for routine medical care.
Occasionally a subtle bruise may be the only external clue to
abuse and can be associated with significant internal injury.
Burns are common pediatric injuries and usually represent
preventable unintentional trauma (see Chapter 44). Approx-
imately 10% of children hospitalized with burns are victims
of abuse. Inflicted burns can be the result of contact with hot
objects (irons, radiators, or cigarettes) but more commonly
the result of scalding injuries (Fig. 22-2). Hot tap water burns
in infants and toddlers are sometimes the result of intentional
immersion injuries, which often occur around toilet training

ﬂfg e
Figure 22-1 Multiple looped cord marks on a 2-year-old abused

child who presented to the hospital with multiple untreated burns to
the back, arms, and feet.

issues. These burns have clear lines of demarcation, uniformity
of burn depth, and characteristic pattern.

Inflicted fractures occur more commonly in infants and
young children. Although diaphyseal fractures are most com-
mon in abuse, they are nonspecific for inflicted injury. Frac-
tures that should raise suspicion for abuse include fractures
that are unexplained; occur in young, nonambulatory chil-
dren; or involve multiple bones. Certain fractures have a high
specificity for abuse, such as rib, metaphyseal, scapular, verte-
bral, or other unusual fractures (Fig. 22-3). Some metabolic
diseases can be confused with abuse and should be considered
in the differential diagnosis when appropriate.

Abdominal injury is an uncommon but serious form of
physical abuse. Blunt trauma to the abdomen is the primary
mechanism of injury, and infants and toddlers are the most
common victims. Injuries to solid organs, such as the liver
or pancreas, predominate and hollow viscus injury occurs
more commonly with inflicted trauma than accidental. Even

Figure 22-2 A 1-year-old child brought to the hospital with a history
that she sat on a hot radiator. Suspicious injuries such as this require
a full medical and social investigation, including a skeletal survey to
look for occult skeletal injuries and a child welfare evaluation.

‘ i L

Figure 22-3 A, Metaphyseal fracture of the distal tibia in a 3-month-old infant admitted to the hospital with severe head injury. There also is
periosteal new bone formation of that tibia, perhaps from a previous injury. B, Bone scan of same infant. Initial chest x-ray showed a single frac-
ture of the right posterior fourth rib. A radionuclide bone scan performed 2 days later revealed multiple previously unrecognized fractures of the
posterior and lateral ribs. C, Follow-up radiographs 2 weeks later showed multiple healing rib fractures. This pattern of fracture is highly specific
for child abuse. The mechanism of these injuries is usually violent squeezing of the chest.
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Figure 22-4 Acute subdural hemorrhage in the posterior interhemi-
spheric fissure in an abused infant.

in severe cases of trauma, there may be no bruising to the
abdominal wall. The lack of external trauma, along with the
usual inaccurate history, can cause delay in diagnosis. A care-
ful evaluation often reveals additional injuries. Abdominal
trauma is the second leading cause of mortality from physical
abuse, although the prognosis is generally good for children
who survive the acute assault.

Abusive head trauma is the leading cause of mortality and
morbidity from physical abuse. Most victims are young; infants
predominate. Shaking and blunt impact trauma cause injuries.
The perpetrators are most commonly fathers and boyfriends,
and the trauma typically is precipitated by the perpetrator’s
intolerance to a crying, fussy infant. Victims present with neu-
rologic symptoms ranging from lethargy and irritability to sei-
zures, apnea, and coma. Unsuspecting physicians misdiagnose
approximately one third of infants, and of these, more than
25% are reinjured before diagnosis. A common finding on pre-
sentation is subdural hemorrhage, often associated with pro-
gressive cerebral edema (Fig. 22-4). Hypoxic-ischemic injury
is a significant contributor to the pathophysiology of the brain
injury. Associated findings include retinal hemorrhages (seen
in many, but not all, victims) and skeletal trauma, including
rib and classic metaphyseal fractures. At the time of diagnosis,
many head-injured infants have evidence of previous injury.
Survivors are at high risk for permanent neurologic sequelae.

The extensive differential diagnosis of physical abuse
depends on the type of injury (Table 22-2). For children who
present with pathognomonic injuries to multiple organ sys-
tems, an exhaustive search for medical diagnoses is unwar-
ranted. Children with unusual medical diseases have been
incorrectly diagnosed as victims of abuse, emphasizing the
need for careful, objective assessments of all children. All
infants and young toddlers who present with suspicious

Table 22-2 | Differential Diagnosis of Physical Abuse

BRUISES
Accidental injury (common)
Dermatologic disorders
Mongolian spots
Erythema multiforme
Phytophotodermatitis
Hematologic disorders
Idiopathic thrombocytopenic purpura
Leukemia
Hemophilia
Vitamin K deficiency
Disseminated intravascular coagulopathy
Cultural practices
Cao gio (coining)
Quat sha (spoon rubbing)
Infection
Sepsis
Purpura fulminans (meningococcemia)
Genetic diseases
Ehlers-Danlos syndrome
Familial dysautonomia (with congenital indifference to pain)
Vasculitis
Henoch-Schénlein purpura
BURNS
Accidental burns (common)
Infection
Staphylococcal scalded skin syndrome
Impetigo
Dermatologic
Phytophotodermatitis
Stevens-Johnson syndrome
Fixed drug eruption
Epidermolysis bullosa
Severe diaper dermatitis, including Ex-Lax ingestion
Cultural practices
Cupping
Moxibustion
FRACTURES
Accidental injury
Birth trauma
Metabolic bone disease
Osteogenesis imperfecta
Copper deficiency
Rickets
Infection
Congenital syphilis

Osteomyelitis
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Table 22-2 | Differential Diagnosis of Physical Abuse*™—
cont'd

HEAD TRAUMA

Accidental head injury

Hematologic disorders
Vitamin K deficiency (hemorrhagic disease of the newborn)
Hemophilia

Intracranial vascular abnormalities

Infection

Metabolic diseases

Glutaric aciduria type |, Menkes kinky hair syndrome

From Christian CW: Child abuse physical. In Schwartz MW, editor: The
5-minute Pediatric Consult, ed 3, Philadelphia, 2003, Lippincott Williams &
Wilkins.

*The differential diagnosis of physical abuse varies by the type of injury and
organ system involved.

injuries should undergo a skeletal survey looking for occult
or healing fractures. One third of young infants with multiple
fractures, facial injuries, or rib fractures may have occult head
trauma. Brain imaging may be indicated for these infants.

SEXUAL ABUSE

Child sexual abuse is the involvement of children in sexual
activities that they cannot understand, for which they are
developmentally unprepared and cannot give consent to,
and that violates societal taboos. Sexual abuse can be a sin-
gle event, but more commonly it is chronic. Most perpetrators
are adults or adolescents who are known to the child and who
have real or perceived power over the child. Most sexual abuse
involves manipulation and coercion and does not involve
physical violence. Although assaults by strangers occur, they
are infrequent. Perpetrators are more often male than female
and include parents, relatives, teachers, family friends, mem-
bers of the clergy, and other individuals who have access to
children. All perpetrators strive to keep the child from disclos-
ing the abuse and often do so with coercion or threats.

Approximately 80% of victims are girls, although the sexual
abuse of boys is underrecognized and underreported. Children
generally come to attention after they have made a disclosure
of their abuse. They may disclose to a nonoffending parent,
sibling, relative, friend, or teacher. Children commonly delay
disclosure for many weeks, months, or years after their abuse,
especially if the perpetrator has ongoing access to the child.
Sexual abuse also should be considered in children who have
behavioral problems, although no behavior is pathognomonic.
Hypersexual behaviors should raise the possibility of abuse,
although some children with these behaviors are exposed to
inappropriate sexual behaviors on television or videos or by
witnessing adult sexual activity. Sexual abuse occasionally is
recognized by the discovery of an unexplained vaginal, penile,
or anal injury or by the discovery of a sexually transmitted
infection.

In most cases, the diagnosis of sexual abuse is made by the
history obtained from the child. In cases in which the sex-
ual abuse has been reported to CPS or the police (or both),
and the child has been interviewed before the medical visit,

a complete, forensic interview at the physician’s office is not
needed. Many communities have systems in place to ensure
quality investigative interviews of sexually abused children.
However if no other professional has spoken to the child about
the abuse, or the child makes a spontaneous disclosure to the
physician, the child should be interviewed with questions that
are open-ended and non-leading. In all cases, the child should
be questioned about medical issues related to the abuse, such
as timing of the assault and symptoms (bleeding, discharge, or
genital pain).

The physical examination should be complete, with care-
ful inspection of the genitals and anus. Most sexually abused
children have a normal genital examination at the time of the
medical evaluation. Genital injuries are seen more commonly
in children who present for medical care within 72 hours of
their most recent assault and in children who report genital
bleeding, but they are diagnosed in only 5% to 10% of sexually
abused children. Many types of sexual abuse (fondling, vulvar
coitus, oral genital contact) do not injure genital tissue, and
genital mucosa heals so rapidly and completely that injuries
often heal by the time of the medical examination. For chil-
dren who present within 72 hours of the most recent assault,
special attention should be given to identifying acute injury
and the presence of blood or semen on the child. Injuries to
the oral mucosa, breasts, or thighs should not be overlooked.
Forensic evidence collection is needed in a few cases and has
the greatest yield when collected in the first 24 hours after an
acute assault. Few findings are diagnostic of sexual assault, but
findings with the most specificity include acute, unexplained
lacerations or ecchymoses of the hymen, posterior fourchette
or anus, complete transection of the hymen, unexplained ano-
genital scarring, or pregnancy in an adolescent with no other
history of sexual activity.

The laboratory evaluation of a sexually abused child is
dictated by the child’s age, history, and symptoms. Universal
screening for sexually transmitted infections for prepubertal
children is unnecessary because the risk of infection is low
in asymptomatic young children. The type of assault, identity
and known medical history of the perpetrator, and the epide-
miology of sexually transmitted infections in the community
also are considered. Many clinicians use nucleic acid ampli-
fication testing to screen for sexually transmitted infections
in sexually abused children because these tests have excellent
sensitivity while maintaining good specificity for STIs in chil-
dren and adolescents. The diagnosis of most sexually trans-
mitted infections in young children requires an investigation
for sexual abuse (see Chapter 116).

MANAGEMENT

The management of child abuse includes medical treat-
ment for injuries and infections, careful medical doc-
umentation of verbal statements and findings, and
ongoing advocacy for the safety and health of the child
(Fig. 22-5). Parents always should be informed of the
suspicion of abuse and the need to report to CPS, focus-
ing on the need to ensure the safety and well-being
of the child. Crimes that are committed against children
also are investigated by law enforcement, so the police
become involved in some, but not all, cases of suspected
abuse. Physicians occasionally are called to testify in court
hearings regarding civil issues, such as dependency and
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custody, or criminal issues. Careful review of the medical
records and preparation for court are needed to provide an
educated, unbiased account of the child’s medical condition
and diagnoses.

The prevention of child maltreatment is a great challenge.
There are a few partially successful primary prevention pro-
grams. Visiting home nursing programs that begin during

pregnancy and continue through early childhood may reduce
the risk of abuse and neglect. Physician training in screen-
ing for risk factors in parents has shown to be supportive of
families and reduce child maltreatment in some populations.
Ultimately physicians always need to remain cognizant of the
diagnosis, aware of their professional mandates, and willing
to advocate on behalf of these vulnerable patients.
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Figure 22-5 A, Approach to initiating the civil and criminal investigation of suspected abuse. B, Reporting to Child Protective Services (CPS) or
law enforcement or both in child abuse cases. CPS reports are required when a child is injured by a parent, by an adult acting as a parent, or by a
caregiver of the child. The police investigate crimes against children committed by any person, including parents or other caregivers. (From Chris-
tian CW: Child abuse. In Schwartz MW, editor: Clinical Handbook of Pediatrics, ed 3, Baltimore, 2003, Lippincott Williams & Wilkins, pp 192-193.)
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HOMOSEXUALITY AND
GENDER IDENTITY

The development of sexuality occurs throughout a child’s life.
Sexuality includes gender roles, gender identity, sexual orien-
tation, and sexual behaviors. It is influenced by biologic and
social factors and individual experience. Pediatricians are
likely to be consulted if parents have a concern about their
child’s sexual development. A pediatrician who provides an
open and nonjudgmental environment may be a valuable
resource for an adolescent with questions about heterosexual
behaviors, homosexuality, or gender identity (Table 23-1).

DEVELOPMENT OF SEXUAL IDENTITY

Sexual behaviors occur throughout childhood. Early in life,
male infants can have erections and female infants are capa-
ble of vaginal lubrication. During the preschool period, mas-
turbation occurs in both sexes. Between 2 and 3 years of age,
children identify themselves as a boy or a girl, but the under-
standing that one is always a male or always a female may not
develop until 4 to 5 years of age. Stating that one wants to be
a member of the opposite sex and pretending to be a mem-
ber of the opposite sex are not unusual behaviors in this age
group. Preschool children need to begin to learn that genitals
and sexual behaviors are private; it is common for preschool
children to touch their genitals in public, show their genitals
to others, or undress in public. It would be highly unusual for
a preschool child to imitate intercourse or other adult sexual
behaviors. If this behavior is occurring, the child should be
evaluated for exposure to inappropriate sexual material and
possible sexual abuse (see Chapter 22).

Most elementary school-age children show a strong and con-
sistent gender identity, and their behaviors (gender roles) reflect
this. If a child this age is engaging in cross sex gender role behav-
iors, parents may be concerned about teasing and the possibility
of their child having a homosexual sexual orientation. This con-
cern is particularly likely if a boy is engaged in effeminate behav-
iors that are generally viewed as less socially acceptable than a

Table 23-1 | Terminology

Gender identity
Perception of oneself as male or female
Gender role

Behaviors and appearance that signal to others of being male or
female

Heterosexual

Sexual attraction to members of the opposite sex with weak
attraction to members of the same sex

Homosexual

Sexual attraction to members of the same sex with weak
attraction to members of the opposite sex

girl acting as a “tomboy.” By this age, dressing as a member of the
opposite sex and, particularly, stating a desire to be the opposite
sex are uncommon, but playing with toys designed for the oppo-
site sex remains common. In assessing parental concerns about
atypical gender role behaviors, the type of behavior exhibited
and its consistency should be considered. Reassurance that the
behavior is consistent with typical development is appropriate
when these behaviors are part of a flexible repertoire of male and
female gender role behaviors. Reassurance is appropriate if the
behaviors occur in response to a stress, such as the birth of an
infant of the opposite sex or divorce of the parents. In contrast
if these behaviors occur as a consistent and persistent pattern of
nearly exclusive interest in behaviors typical of the gender role
opposite that of the child’s anatomic sex, referral for evaluation
for gender identity disorder (GID) would be appropriate.

The biologic, social, and cognitive changes during adoles-
cence place a focus on sexuality. Becoming comfortable with
one’s sexuality is one of the principal developmental tasks of
this period and is likely to include questioning and experi-
mentation. Almost half of high school students report that
they have had sexual intercourse. Ten to 25% have at least one
homosexual experience, with this behavior being reported
more commonly by boys than girls. Although many adoles-
cents have sexual experiences with a same-sex partner, only a
few have a homosexual sexual orientation by late adolescence.
When adolescents develop a consistent sexual orientation is
probably affected by many different factors (societal, family,
individual). Some adolescents report that they are certain of
their sexual orientation in the early teenage years, whereas for
others this does not develop until later. By 18 years of age, only
a small proportion of individuals report being uncertain of
their sexual orientation.

GENDER IDENTITY DISORDER

GID is characterized by intense and persistent cross-gender
identification and discomfort with one’s own sex. In chil-
dren these feelings may be manifested by behaviors such as
cross-dressing, stating that one wants to be or is the opposite
sex, and a strong and almost exclusive preference for cross-
sex roles, games, and playmates. The onset of these behaviors
often can be traced back to the preschool period. However
referral for evaluation typically occurs at school age or later,
when it becomes clear that the behaviors do not represent a
transient phase, and the behaviors may begin to interfere with
social relationships. Forty to 80% of children with GID will
have a bisexual or homosexual sexual orientation as adults.
However there is no reliable way to predict adult sexual orien-
tation, and there is no evidence that parental behavior would
alter the developmental pathway toward homosexual or hetero-
sexual behavior.

In adults GID may be characterized by a belief that one was
born the wrong sex and by a persistent desire to live and be
treated as the opposite sex. Adults may request hormones or
surgical procedures to alter sexual characteristics to simulate
the other sex, but, when these procedures are done in indi-
viduals who have completed puberty, they often fail to fully
achieve the appearance of the desired gender. Long-term
follow-up studies of children with GID suggest that only 2%
to 20% have GID as adults, but gender dysphoria that inten-
sifies with the onset of puberty is likely to persist. In 2009 the
Endocrine Society published guidelines that recommended
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considering reversible suppression of puberty using gonado-
tropin releasing hormone analogs at Tanner stages 2 through
3 for individuals with GID because this allows the adolescent
more time to decide whether to begin cross-sex hormone
treatment.

HOMOSEXUALITY

Identical twins (even twins raised in separate families) show a
higher concordance rate for sexual orientation than would be
expected by chance alone, but nowhere near 100%, as would
be expected if genetics alone determined sexual orientation.
Some studies have found differences in the size of certain
brain regions in homosexual individuals, but the findings are
inconsistent. The levels of androgens and estrogens have not
been found to differ in homosexual and heterosexual adults.
Although it is well documented that parents tend to treat boys
and girls differently, if, or how, these interactions affect sexual
orientation is unknown.

It is currently estimated that about 1% to 4% of adults iden-
tify themselves as homosexual. Given the prevalent negative
societal attitudes toward homosexuality, these children are
at high risk for having a negative self-esteem, being isolated,
being verbally harassed, and often being physically assaulted.
Although sexual behaviors, not sexual orientation, determine
risk of sexually transmitted infections, homosexual male ado-
lescents engage in high-risk behaviors despite the threat of
infection from the human immunodeficiency virus (HIV). For
medical and psychosocial reasons, health care providers need
to provide an environment in which adolescents feel comfort-
able discussing their sexual orientation (Table 23-2).

Acknowledging that one is homosexual and disclosing it
to one’s parents is often extremely stressful. Although many
parents come to accept their child’s homosexuality, some par-
ents, particularly those who view this behavior as immoral,
may reject their child. Homosexual youth are at a high risk
for homelessness. Adolescents need to be made aware that
even parents who eventually come to accept their childs
homosexuality initially may be shocked, fearful about their
child’s well-being, or upset about the loss of the adulthood
they had expected for their child. Parents may need to be reas-
sured that they did not cause their child to have a homosex-
ual orientation. Likewise they may need to be informed that
therapies designed to change sexual orientation not only are

Table 23-2 | Providing Supportive Health Care
Environments for Homosexual Youth

Ensure confidentiality
Implement policies against homophobic jokes and remarks

Ensure that information-gathering forms use gender-neutral
language (e.qg., partner as opposed to husband/wife)

Ensure that one uses gender-neutral questions when asking about
dating or sexual behaviors

Display posters, brochures, and information that show concern for
issues important to homosexual youth and their families

Provide information about support groups and other resources for
homosexual youth and their families

Adapted from Perrin EC: Sexual Orientation in Child and Adolescent Health Care,
New York, 2002, Kluwer Academic/Plenum Publishers.

unsuccessful, but also often lead to the child having more feel-
ings of guilt and a lower self-esteem. The health care provider
should have knowledge of support groups and counselors who
can discuss these issues with the adolescent or his or her par-
ents when the information the health care provider offers is
not sufficient.

The homosexual youth is affected by how homosexuality
is addressed in schools, by peers, and by other community
groups. Unbiased information about homosexuality is often
not available in these settings, and homophobic jokes, teasing,
and violence are common. It is not surprising that homosex-
ual youth and adults have higher rates of anxiety and mood
disorders than are found in the general population. Increased
rates of substance abuse and suicide are reported. Health care
providers have an important role in detecting these problems.

Although education about safe sexual practices should be
part of all adolescent well-child visits, health care providers
should be aware that certain sexual behaviors of homosexual
males increase the risk of certain types of sexually transmit-
ted infections. Anal intercourse is an efficient route for infec-
tion by hepatitis B virus, cytomegalovirus, and HIV. Proctitis
caused by gonorrhea, chlamydia, herpes simplex virus, syph-
ilis, or human papillomavirus may occur (see Chapter 116).

FAMILY STRUCTURE
AND FUNCTION

A family is a dynamic system of interactions among biolog-
ically, socially, or legally related individuals; families have a
unique power to promote or interfere with health and devel-
opment. When a family functions well, interactions support
the physical and emotional needs of all family members, and
the family serves as a resource for an individual member who
is having difficulty. Alternatively the problems of an individual
member or the interactions among members may prevent the
family from meeting the physical or emotional needs of one
or more family members or, in the worst-case scenario, may
cause physical or emotional harm to a member of the family.
These situations are often referred to as family dysfunction.

FAMILY FUNCTIONS

The functions that families carry out in support of their chil-
dren can be categorized broadly as providing for physical
needs, emotional support, education, and socialization (Table
24-1). Within these categories, all families have strengths and
weaknesses. The amount of support that an individual child
needs in these categories varies with the child’s development,
personality, temperament, health status, experiences, and
stressors. Too much and too little support can interfere with
optimal child health and development. Most cases of child
abuse involve the failure of the family to provide a safe envi-
ronment for the child and, in cases of neglect, inappropriate
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support for the child’s physical, emotional, or social develop-
ment. At the other extreme, overprotective parents may limit
friendships and other growth-promoting experiences or seek
excessive health care, as may occur in the vulnerable child syn-
drome. Parental perfectionism may create intense pressure on
children related to achievement that may contribute to prob-
lems such as anxiety disorders.

FAMILY STRUCTURE

The traditional family consists of a married mother and father
and their biologic children. The diversity in the structure of
the family in the United States has increased dramatically; less
than half of children now live in the traditional nuclear fam-
ily. Today children may live with unmarried parents, single
parents of either gender, a parent and a stepparent, grandpar-
ents, parents living as a same-sex couple, or foster care fam-
ilies. There is little evidence that family structure alone is a
significant predictor of child health or development. Regard-
less of family structure, the presence of a loving adult or adults
serving as a parent or parents committed to fulfilling a child’s
physical, emotional, and socialization needs is the best predic-
tor of good health and development. Different family struc-
tures create different types of family stresses.

Single-Parent Families
At any one point in time, approximately 30% of children are
living in single parent families, and more than 40% of chil-
dren are born to unmarried mothers. In some cases this is
the mother’s choice, but often times this results from a young
woman’s unplanned pregnancy. Children may also live in sin-
gle-parent families because of divorce or the death of a parent
(see Chapter 26). Although most single parent families are still
headed by mothers, single-father families are increasing and
in 2009 nearly 5% of children lived in single-father families.
Single parents often have limited financial resources and
social supports. For households headed by single mothers,

in Supporting Children
PHYSICAL NEEDS
Safety
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Community

Formal schooling

the median income is only 40% of the income of two-parent
families and for single fathers it is only 60% of the income of
two parent families. Thus the frequency of children living in
poverty is three to five times higher in single-parent families.
These parents must also rely to a greater extent on other adults
for child care. Although these adults may be sources of sup-
port for the single parent, they also may criticize the parent,
decreasing confidence in parenting skills. Fatigue associated
with working and raising a child may also make consistent
parenting difficult. Single parents are likely to have less time
for a social life or other activities, which may increase their
isolation. When the increased burdens of being a single par-
ent are associated with exhaustion, isolation, and depression,
developmental and behavioral problems in the child are more
likely.

When the parent is a teenage mother, problems of parent-
ing may be exacerbated further (see Section 12). Being a teen-
age parent is associated with lower educational attainment,
lower paying jobs without much opportunity for autonomy or
advancement, and lower self-esteem. They are even less likely
than other single mothers to have any support from the child’s
father. Children of adolescent mothers are at high risk for cog-
nitive delays, behavioral problems, and difficulties in school.
Referral to early intervention services or Head Start programs
is important in these situations.

When a single parent has good social supports, is able to
collaborate well with other care providers, and has sufficient
financial resources, he or she is likely to be successful in rais-
ing a child. Pediatricians can improve parental confidence
through education about child development and behavior and
validation of parenting behaviors. Empathetic understanding
of the difficulties of being a single parent can have a healing
effect or help a parent discuss difficulties that may suggest the
need for a referral to other professionals.

Children Living with Homosexual Parents

Many children with a gay or lesbian parent were conceived in
the context of a heterosexual relationship. Some parents were
unaware of their homosexuality at the time that they married,
whereas others may view themselves as bisexual or marry
despite the recognition that they are homosexual. Gay men
and lesbian women also become parents on their own or in the
context of an already established relationship with a same-sex
partner through adoption, insemination, or surrogacy. Chil-
dren living with homosexual parents may encompass many
possible family structures.

Parents in these families are likely to have concerns about
how disclosure of the homosexuality and the associated social
stigma will affect the child. In general earlier disclosure of a
parent’s homosexuality to children, especially before adoles-
cence, is associated with better acceptance. Most children of
homosexual parents experience some social stigma associated
with having a gay or lesbian parent; this may occur in the form
of teasing by peers, disapproval from adults, and stress or iso-
lation related to keeping the parent’s homosexuality a secret.

Evidence suggests that having a homosexual parent does
not cause increased problems in the parent-child relationship
or the child’s social-emotional development. Gender and gen-
der role behaviors are typical for the child’s age. Nonetheless
distress related to teasing or maintaining the parents secret
may be great for some children, especially in early adolescence
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when issues of peer acceptance, sexual identity, and separation
from one’s parents are especially strong.

Adoption

Adoption is a legal and social process that provides full fam-
ily membership to a child not born to the adoptive parents.
Approximately 2% of children in the United States are adopted.
A significant proportion of legal and informal adoptions are
by stepparents or relatives of the child. Most adoptions in
the United States involve U.S. parents adopting U.S. children,
but shifting cultural trends have increased the diversity in
the ways in which adoptions occur (e.g., international adop-
tions, single-parent adoptions, privately arranged adoptions,
and the use of a surrogate parent). These types of adoption
each raise unique issues for families and health care providers.
Open adoptions in which the biologic parents and birth par-
ents agree to interact are occurring with increased frequency
and create new issues for the adoption triad (biologic parent,
adoptive parent, and child).

Pediatricians are in an ideal position to help adoptive par-
ents obtain and evaluate medical information, consider the
unique medical needs of the adopted child, and provide a
source of advice and counseling from the preadoption period
through the issues that may arise when the child is an ado-
lescent. A preadoption visit may allow discussion of medical
information that the prospective parents have received about
the child and identify important missing information such as
the medical history of the biologic family and the educational
and social history of the biologic parents. The preadoption
period is the time that families are most likely to be able to
obtain this information. Depending on the preadoption his-
tory, there may be risks of infections, in utero substance expo-
sure, poor nutrition, or inadequate infant care that should be
discussed with adoptive parents.

When the adopted child is first seen, screening for med-
ical disorders beyond the typical age-appropriate screening
tests should be considered. If the child has not had the stan-
dard newborn screening tests, the pediatrician may need to
obtain these tests. Documented immunizations should be
reviewed and, if needed, a plan developed to complete the
needed immunizations (see Chapter 94). Children may be at
high risk for infection based on the biologic mother’s social
history or the country from which the child was adopted,
including infection with human immunodeficiency virus,
hepatitis B, cytomegalovirus, tuberculosis, syphilis, and par-
asites. A complete blood count may be needed to screen for
iron deficiency.

A knowledgeable pediatrician also can be a valuable source
of support and advice about psychosocial issues. The pedia-
trician should help the adoptive parents think about how they
will raise the child while helping the child to understand the
fact that he or she is adopted. Neither denial of nor intense
focus on the adoption is healthy. Parents should use the term
adoption around their children during the toddler years and
explain the simplest facts first. Children’s questions should
be answered honestly. Parents should expect the same or
similar questions repeatedly, and that during the preschool
period the child’s cognitive limitations make it likely the
child will not fully understand the meaning of adoption. As
children get older, they may have fantasies of being reunited
with their biologic parents, and there may be new challenges

as the child begins to interact more with individuals outside
of the family. Families may want advice about difficulties
created by school assignments such as creating a genealogic
chart or teasing by peers. During the teenage years, the child
may have questions about his or her identity and a desire to
find his or her biologic parents. Adoptive parents may need
reassurance that these desires do not represent rejection
of the adoptive family but the child’s desire to understand
more about his or her life. In general adopted adolescents
should be supported in efforts to learn about their past, but
most experts recommend encouraging children to wait until
late adolescence before deciding to search actively for the
biologic parents.

Although adopted children have a higher rate of school,
learning, and behavioral problems, much of this increase is
likely to be related to biologic and social influences before the
adoption. The pediatrician can play an important role in help-
ing families distinguish developmental and behavioral varia-
tions from problems that may require recommendations for
early intervention, counseling, or other services.

Foster Care

Foster care is a means of providing protection for children
who require out-of-home placement, most commonly because
of homelessness, parental inability to care for the child, paren-
tal substance abuse, or child neglect or abuse. From the late
1990s through 2005, over half a million children were in fos-
ter care, but between 2005 and 2010, the number of children
living in foster care decreased by about 20%. These decreases
were associated with changes in federal and state policies that
have emphasized shortened stays in foster care, promoted
more rapid adoptions, and expanded efforts to support trou-
bled families.

The 400,000 children in foster care are at extremely high
risk for medical, nutritional, developmental, behavioral, and
mental health problems. At the time of placement in foster
care, most of these children have received incomplete medical
care and have had multiple detrimental life experiences. Com-
prehensive assessments at the time of placement reveal many
untreated acute medical problems, and nearly half of the chil-
dren have a chronic illness. Developmental delays and serious
behavioral or emotional disorders are common.

Ideally foster care provides a healing service for these chil-
dren and families, leading to reunification or adoption. Too
often children experience multiple changes in placement
within the foster care system, further exacerbating the prob-
lems foster children may have in forming a secure relationship
with adult caregivers. Children may manifest this difficulty by
resisting foster parents” attempts to develop a close relation-
ship. This detachment from the foster parent may be difficult
for the foster parent to endure, which may perpetuate a cycle
of placement failures. The trauma or neglect experienced that
led to the need for foster care in combination with instability
of placements causes enduring long-term difficulties. Foster
care alumni report rates of anxiety disorders, depression, sub-
stance abuse, and posttraumatic stress disorder that are two
to six times higher than in the general population. Further-
more although the protections of the foster care system often
end at 18 years of age, these adolescents rarely have the skills
and maturity needed to allow them to be successful living
independently. Thus the Fostering Connections to Success
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and Increasing Adoptions Act of 2008 mandates that effective
transition to adulthood planning be done with youth in foster
care.

The challenges for the foster care system are great. However
when children are placed with competent and nurturing fos-
ter parents and provided coordinated care from skilled pro-
fessionals, significant improvements in a child’s health status,
development, and academic achievement usually occur.

FAMILY DYSFUNCTION

Physical Needs

Failure to meet a child’s physical needs for protection or
nutrition results in some of the most severe forms of family
dysfunction (see Chapters 21 and 22). There are many other
ways in which parental behaviors can interfere with a child
having a healthy and safe environment, such as prenatal and
postnatal substance abuse. Prenatal use of alcohol can dam-
age the fetus resulting in spectrum disorders known as fetal
alcohol spectrum disorders (FASD). At the most severe end
of the spectrum, this teratogen causes fetal alcohol syndrome
(FAS) characterized by in utero and postnatal growth retar-
dation, microcephaly, intellectual disability, and a charac-
teristic dysmorphic facial appearance. Other manifestations
of FASD include birth defects and problems with coordina-
tion, attention, hyperactivity, impulsivity, learning, or behav-
ior. Children with these difficulties may be diagnosed with
alcohol-related neurodevelopmental disorder, alcohol-related
birth defects, or partial FAS.

Other substances also may affect the fetus, but investigation
of these effects is complicated by the fact that often more than
one substance is used, and nutrition and prenatal care are not
optimal. Cigarette smoking during pregnancy is associated
with lower birth weight and increased child behavioral prob-
lems. Use of cocaine in the perinatal period has been associ-
ated with prematurity, intracranial hemorrhages, and abruptio
placentae. Exposure to opiates in utero can result in prematu-
rity and a neonatal withdrawal syndrome. Investigations of the
effects of cocaine and opiates on cognitive development have
produced mixed results.

Parental substance abuse after the child’s birth is associ-
ated with increased family conflict, decreased organization,
increased isolation, and increased family stress related to
marital and work problems. Family violence may be more fre-
quent. Despite the fact that these parents often have difficulty
providing discipline and structure, they may expect their chil-
dren to be competent at a variety of tasks at a younger age than
non-substance—abusing parents. This sets the children up for
failure and contributes to increased rates of depression, anxi-
ety, and low self-esteem. The parents’ more accepting attitude
toward alcohol and drugs seems to increase the chance that
their children will use substances during adolescence.

Parents also may expose children directly to the harmful
effects of other substances, such as exposure to second hand
cigarette smoke, which is consistently associated with increased
rates of childhood respiratory illnesses, otitis media, and sud-
den infant death syndrome. Despite these effects, only a few
parents restrict smoking in their homes. There are many other
ways in which parents may not physically protect their chil-
dren. Failing to immunize children, to childproof the home
adequately, and to provide adequate supervision are other
examples.

Parents’ attempts to provide too much protection for their
child also can cause problems. One example of this is the vul-
nerable child syndrome in which a child who is ill early in life
continues to be viewed as vulnerable by the parents despite
that the child has fully recovered. Behavioral difficulties may
result if parents are overindulgent and fail to set limits. Paren-
tal reluctance to leave the child may contribute to the child
having separation anxiety. Parents may be particularly atten-
tive to minor variations in bodily functions, leading them to
seek excess medical care. If the physician does not recognize
this situation, the child may be exposed to unnecessary med-
ical procedures.

Emotional Support, Education,

and Socialization

Failure to meet a child’s emotional or educational needs can
have a severe and enduring negative impact on child develop-
ment and behavior. Infants need a consistent adult who learns
to understand their signals and meets the infants needs for
attention as well as food. As the adult caregiver learns these
signals, he or she responds more rapidly and appropriately
to the infant’s attempts at communication. Through this pro-
cess, often referred to as attachment, the special relationship
between parent and child develops. When affectionate and
responsive adults are not consistently available, infants often
are less willing to explore the environment and may become
unusually clingy, angry, or difficult to comfort.

Appropriate stimulation also is vital for a child’s cognitive
development. Children whose parents do not read to them
and do not play developmentally appropriate games with them
have lower scores on intelligence tests and more school prob-
lems. In these situations, early intervention has been shown
to be particularly effective in improving skill development
and subsequent school performance. At the other extreme,
there are increasing concerns that some parents may provide
too much stimulation and scheduling of the child’s day. There
may be such emphasis on achievement that children come to
feel that parental love is contingent on achievement. There are
concerns that this narrow definition of success may contribute
to problems with anxiety and self-esteem for some children.

VIOLENCE

INTIMATE PARTNER VIOLENCE

AND CHILDREN

Intimate partner violence (IPV) is a pattern of purposeful
coercive behaviors aimed at establishing control of one partner
over the other that may include inflicted physical injury, psy-
chological abuse, sexual assault, progressive social isolation,
stalking, deprivation, intimidation, and threats. Such violence
between adults affects the lives of millions of children each
year. Children experience IPV by seeing or hearing the vio-
lence and its aftermath. Children who live in households with
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IPV often develop psychological and behavioral problems that
interfere with their ability to function normally in school, at
home, and with peers. They may be injured during violent out-
bursts, sometimes while attempting to intervene on behalf of
a parent. Many children are victims of abuse themselves. It is
estimated that there is at least a 50% concurrence rate between
IPV and child abuse. Children who grow up in violent house-
holds learn that violence is appropriate in intimate relation-
ships. A history of having witnessed IPV as a child is a strong
predictor for becoming a batterer in adulthood. In addition
to sporadic outbursts of violence, children who live in house-
holds with IPV experience disruptive events that can overtly
or subtly affect the child’s development. Although partner
violence often occurs between male perpetrators and female
victims, it may also occur bi-directionally and may be better
conceptualized as family or interpersonal-violence. Violence
may escalate during the peri-natal period.

There is no particular behavioral consequence or distur-
bance that is specific to children who witness IPV. Some chil-
dren are traumatized by fear for their caregiver’s safety and feel
helpless. Others may blame themselves for the violence. Chil-
dren may have symptoms of posttraumatic stress disorder,
depression, anxiety, aggression, or hypervigilance. Older chil-
dren may have conduct disorders, poor school performance,
low self-esteem, or other nonspecific behaviors. Infants and
young toddlers are at risk for disrupted attachment and rou-
tines around eating and sleeping. Preschoolers may show signs
of regression, irritable behavior, or temper tantrums. During
school-age years, children may show both externalizing
(aggressive or disruptive) and internalizing (withdrawn and
passive) behaviors. Because of family isolation, some children
have no opportunity to participate in extracurricular activities
at school and do not form friendships. Adolescents in homes
where IPV is present have higher rates of school failure, sub-
stance abuse, and risky sexual behaviors. These adolescents
are more likely than their peers to enter into a violent dating
relationship.

Because of the high concurrence of IPV and child abuse,
asking about IPV is part of the screening for violence against
children. Recognizing the importance of IPV screening in
pediatric practice, the American Academy of Pediatrics has
endorsed universal screening in this setting and suggests that
intervening on behalf of battered women may be one of the
most effective means of preventing child abuse. Without stan-
dardized screening, pediatricians may underestimate the IPV
prevalence in their practices. Parents should not be screened
together. Questions about family violence should be direct,
nonjudgmental, and done in the context of child safety and
anticipatory guidance (Table 25-1).

Intervention is needed for caregivers who disclose IPV. It is
appropriate to show concern and to provide available commu-
nity resources. It is important to assess for the safety of the vic-
tim and the children. In some states, physicians are mandated
to report IPV. Information for families that provides details
about community resources and state laws is helpful.

YOUTH VIOLENCE

Youth violence is a leading cause of pediatric mortality in the
United States. Homicide is the second leading cause of death
for all children 1 to 19 years of age. Each year nearly 6000 chil-
dren, primarily adolescents, are victims of homicide, and 4000

Table 25-1 | Questions for Adults and Children Related
to Family Violence

FOR THE CHILD

How are things at home and at school?

Who lives with you?

How do you get along with your family members?
What do you like to do with them?

What do you do if something is bothering you?
Do you feel safe at home?

Do people fight at home? What do they fight about? How do they
fight?

ADDITIONAL QUESTIONS FOR THE ADOLESCENT
Do your friends get into fights often? How about you?
When was your last physical fight?

Have you ever been injured during a fight?

Has anyone you know been injured or killed?

Have you ever been forced to have sex against your will?
Have you ever been threatened with a gun or a knife?
How do you avoid getting in fights?

Do you carry a weapon for self-defense?

FOR THE PARENT

Do you have any concerns about your child?

Who helps with your children?

How do you feel about your neighborhood?

Do you feel safe at home?

Is there any fighting or violence at home?

Does anyone at home use drugs?

Have you been frightened by your partner?

Does your partner ever threaten you or hurt you?

more commit suicide. Youth violence is a problem in urban,
suburban, and rural communities and affects children across
race and gender. Surveys of adolescents show that 30% to 40%
of boys and 15% to 30% of girls report having committed a
serious violent offense during childhood, including robbery,
rape, aggravated assault, or homicide. Most of these crimes
are not reported to the police, and the perpetrator is arrested
in a few cases only. Although boys commit more crimes than
girls, this gap has narrowed. Boys are much more likely to be
arrested for their crimes. Self-reported violent events do not
differ much between white and minority adolescents; the latter
are more likely to be arrested for their crimes.

Most violent youth begin to exhibit their violent behaviors
during early adolescence. Bullying, which peaks in middle
school, is a form of aggression in which a child repeatedly and
intentionally intimidates, harasses, or physically harms another
child. Technology-assisted bullying behavior or cyber-bullying
has become a major concern. Psychosocial consequences of
being bullied include depression and suicidal ideation. Chil-
dren who bully others are more likely to be involved with
other problem behaviors, such as smoking and alcohol use.
Bullying and being bullied are both associated with higher
rates of weapon carriage and fighting. Although most bullies
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Table 25-2 | Risk and Protective Factors for Serious Youth Violence by Age of Onset

FACTORS EARLY ONSET (<12 yr) LATER ONSET (>12 yr)
Individual Substance use” General offenses
General offenses Aggression’
Being male Being male
Antisocial behavior Physical violence
Aggression™ Antisocial attitudes
Hyperactivity Crimes against persons
Exposure to TV violence Low IQ
Low I1Q Substance abuse
Antisocial attitudes Risk-taking behaviors
Dishonesty™
Family Low SES/poverty Poor parent-child relations
Antisocial parents Low parent involvement
Poor parent-child relations  Antisocial parents
Broken home Broken home
Abusive, neglectful Low SES/poverty
parents Abusive parents
School Poor attitude Poor attitude
Poor performance Poor performance; academic failure
Peer Weak social ties Weak social ties

Antisocial peers

Antisocial delinquent peers

PROTECTIVE FACTORS
Intolerance toward deviance
High IQ

Being female

Positive social orientation

Perceived sanctions for transgressions

Supportive parents or other adults
Parental monitoring

Parents’ positive evaluation of peers

Commitment to school
Recognition for involvement in school activities

Friends who engage in conventional behavior

Community Gang membership
Neighborhood crime

Neighborhood drugs

Neighborhood disorganization

From National Center for Injury Prevention and Control, Substance Abuse and Mental Health Services Administration: Youth violence: a report of the surgeon

general. Rockville, MD, 2001, U.S. Department of Health and Human Services.
SES, Socioeconomic status.
*Bold = factors with strongest effect.
TMales only.

do not progress into serious violent offenders, violent behavior
that continues into high school years indicates the potential
for severe violent behavior in adulthood. Another subset of
violent youth begins at a very young age. These children tend
to be more serious offenders, perpetrate more crimes, and
more often continue their violence into adulthood. Most ado-
lescent violence ends by young adulthood. Most violent youth
are only intermittently violent. Frequent acts of violence are
committed more commonly by youth who start their violence
before the onset of puberty. These violent youth need to be
evaluated for cognitive impairments or mental illness.

Serious youth violence is not an isolated problem but usu-
ally coexists with other adolescent risk-taking behaviors, such
as drug use, truancy and school dropout, early sexual activity,
and gun ownership. Risk factors for youth violence are slightly
different for children who begin their violence early in life
compared with youth who begin during adolescence. Often
these risk factors exist in clusters, and they tend to be additive.
Although understanding risk factors for violence is crucial
for developing prevention strategies, the risk factors do not
predict whether a particular individual will become violent.
For children who begin their violence early in life, the stron-
gest risk factors are early substance abuse (<12 years of age)

and perpetration of nonviolent, serious crimes during child-
hood. Additional risk factors include poverty, male gender,
and antisocial behavior. For children who begin their violence
during adolescence, individual risk factors are less important,
whereas factors related to peer groups are most important.
Gang membership, associating with antisocial or delinquent
friends, being unpopular in school, and having weak ties to
conventional peer groups are important risk factors for adoles-
cent-onset violence (Table 25-2). The strength of the listed risk
factors is not uniform, and some factors show a small effect
only. Table 25-2 also lists protective factors that seem to buffer
the effects of risk factors. One important protective factor is
the child’s level of school connectedness, such as involvement
in class and extracurricular activities, and how positively the
child regards the school’s personnel. Another protective factor
is the support of nonviolent family members and close friends.

Violence prevention efforts that target risk and protective
factors need to be developmentally appropriate. Education
about the dangers of substance abuse should begin before the
onset of puberty, whereas adolescent programs must consider
the importance of peer group identification. Many violence
prevention programs fail to show long-term effects. Effective
violence prevention programs must address simultaneously
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individual, family, and environmental (school, peer group,
social) risk factors; capitalize on the child’s strengths; involve
family and other supports; and be implemented over an
extended period.

DATING VIOLENCE AND DATE RAPE

Dating violence and date rape are common. It is estimated that
15% to 40% of adolescents have experienced violence in a dat-
ing relationship. Adolescent women experience higher rates
of sexual assault than any other age group. An acquaintance
or partner of the victim perpetrates most adolescent sexual
assaults. Risk factors for date rape include initiating dating at
a young age, initiating early sexual activity, and having a his-
tory of past sexual abuse or victimization. A history of child
abuse by parents or siblings increases the risk of dating vio-
lence. Adolescent boys who believe that it is appropriate to
strike a girl if she insults or embarrasses him or intentionally
tries to make him jealous are at risk for becoming perpetra-
tors. Date-specific factors put some teens at risk for date rape,
including who initiated the date, the date activities, which per-
son drove, and who paid.

Alcohol use is common in episodes of adolescent sexual
assault, occurring in approximately 50% of cases. Drugs such
as benzodiazepines, cocaine, and marijuana may also contrib-
ute. Flunitrazepam (Rohypnol) and gamma hydroxybutyrate
are two commonly implicated drugs that cause sedation and
amnesia, especially when used in conjunction with alcohol.

Relatively few victims of date rape report the assault to law
enforcement. Reporting rates are even lower when the vic-
tim knows the perpetrator. Women who report assaults to
the police are more likely to receive timely medical care; it is
likely that many sexually assaulted adolescents do not receive
medical attention, putting them at risk for physical and mental
health consequences. Routine adolescent health care should
screen for adolescent dating violence, provide routine sexually
transmitted infection evaluation, and be able to identify coun-
seling resources for teens who are victims or perpetrators of
dating violence (see Chapter 116).

DIVORCE,
SEPARATION, AND
BEREAVEMENT

The family is the child’s principal resource for meeting needs
for protection, emotional support, education, and socializa-
tion. A variety of different disruptions may cause the child to
be separated from his or her parents. At times these separations
may be relatively brief but unexpected (e.g., a parent’s acute ill-
ness or injury). The separation may occur in the context of sig-
nificant parental discord, as often occurs with a divorce. The
death of a parent results in a permanent separation that may

be anticipated or unanticipated. All of these disruptions cause
significant stress for the child, with the potential for long-term
adverse consequences. The child’s adaptation to these stresses
is affected by the reasons for the separation and the child’s age,
temperament, and available support systems.

DIVORCE

Approximately 40% to 50% of first marriages end in divorce.
About half of these divorces occur in the first 10 years of mar-
riage, so there are often young children in the family when
the parents divorce. At least 25% of children experience the
divorce or separation of their parents. Few events in childhood
are as dramatic and challenging for the child as divorce.

Divorce is likely to be accompanied by changes in behavioral
and emotional adjustment. In the immediate post-divorce
period, many children exhibit anger, noncompliance, anxiety,
and depression. Children from divorced families require psy-
chological help two to three times more frequently than chil-
dren with married parents. Long-term studies suggest that in
the absence of ongoing stressors, most children demonstrate
good adjustment a few years after the divorce, but some have
enduring difficulties.

Divorce is not a single event, but a process that occurs
over time. In most cases, marital conflict begins long before
the physical or legal separation, and the divorce brings about
permanent changes in the family structure. Multiple potential
stressors for the child are associated with divorce, including
parental discord before and after the divorce, changes in liv-
ing arrangements and sometimes location, and changes in the
child’s relationship with both parents.

The child’s relationship with each parent is changed by the
divorce. In the short-term, the parent is likely to experience
new burdens and feelings of guilt, anger, or sadness that may
disrupt parenting skills and family routines. Contact with the
noncustodial parent may decline greatly. Parents may be per-
ceived by their children as being unaware of the child’s distress
around the time of the divorce. Pediatricians can help parents
understand things they can do that will be reassuring to the
child. Maintaining contact with both parents, seeing where
the noncustodial parent is living, and, in particular, maintain-
ing familiar routines are comforting to the child in the midst
of the turmoil of a separation and divorce. The child should
attend school and continue to have opportunities to interact
with friends. Given the parents’ distress, assistance from the
extended family can be helpful, but these family members may
not offer to help for fear of “interfering” It may be helpful for
pediatricians to encourage parents to ask for this assistance.
Pediatricians should look for maladaptive coping responses.
Some parents may respond to their increased burdens and
distress by treating their children as friends with whom they
share their distress. Alternatively they may place excessive
responsibilities on the child or leave the child unsupervised
for longer periods of time. Responses such as these increase
the chance that the child will develop behavioral or emotional
problems.

Reaction to Divorce at Different Ages

The child’s reaction to the divorce is influenced by the child’s
age and developmental level. Although infants do not react
directly to the divorce, they require special considerations
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in relation to custody and visitation because infants need a
stable daily routine and regular contact with a primary care-
giver to develop secure attachment. Separations from a pri-
mary caregiver should be brief. Increased infant irritability
or listlessness and withdrawal may be signs of distress for an
infant. Preschool children are characterized by having mag-
ical beliefs about cause and effects and an egocentric view of
the world. They may believe that something they did caused
the divorce, leading them to be particularly upset. They may
engage in unusual behaviors that they believe will bring the
parents back together again. At this age, parents need to
deliver a clear message that the divorce was related to disagree-
ments between the parents, that nothing the child did caused
the divorce, and that nothing the child could do would bring
the parents back together again. Preschool children may rea-
son that if the parents left each other they also might leave the
child. To counteract this fear of abandonment, children may
need to be reassured that although parents separated, they will
not abandon the child and that the child’s relationship with
both parents will endure.

School-age children have a concrete understanding of
cause and effect; if something bad happened, they understand
that something caused it to happen. However they are not
likely to understand fully the subtleties of parental conflict or
the idea that multiple factors contribute to a conflict. Children
at this age may still worry that something they did caused the
divorce. They may express more anger than younger children
and often feel rejected. Many young school-age children worry
about what will happen to one or both parents. School perfor-
mance often deteriorates. Older elementary school-age chil-
dren may believe that one parent was wronged by the other.
This belief, in conjunction with their concrete understanding
of cause and effect, allows children to be easily co-opted by
one parent to take sides against the other. Parents need to
understand this vulnerability and resist the temptation to sup-
port their child in taking sides.

Adolescents may respond to the divorce by acting out,
becoming depressed, or experiencing somatic symptoms.
Adolescents are developing a sense of autonomy, a sense of
morality, and the capacity for intimacy, and divorce may lead
them to question previously held beliefs. They may be con-
cerned about what the divorce means for their future and
whether they too will experience marital failure. Questioning
of previous beliefs in conjunction with decreased supervision
may set the stage for risk-taking behaviors, such as truancy,
sexual behaviors, and alcohol or drug use.

Outcome of Divorce

One of the best predictors of children’s adaptation to divorce
is whether the physical separation is associated with a
decrease in the child’s exposure to parental discord. In most
cases, divorced parents still must interact with each other
around the child’s schedule, child custody and support, and
other parenting issues. These types of issues create the poten-
tial for the child to have ongoing exposure to significant dis-
cord between the parents. For example if one parent tends to
keep the child up much later than the bedtime at the other
parent’s house, sleep problems may develop. When children
feel caught in the middle of ongoing conflicts between their
divorced parents, behavior or emotional problems are much
more likely. Regardless of how angry parents are with each

other, the parents should be counseled that they must shield
their child from this animosity. Clear rules about schedules,
discipline, and other parenting roles is ideal, but in cases of
conflict it can also be helpful for the pediatrician to help a
parent accept that he or she can only control his or her actions
and decisions related to the child. When parents have trou-
ble resolving these issues, mediation may be helpful. Pedia-
tricians need to be wary of parents’ attempts to recruit them
into custody battles to substantiate claims of poor parenting,
unless the pediatrician has first-hand knowledge that the con-
cerns are valid.

Although the primary physical residence for most chil-
dren is still with the mother, the court’s bias toward preferring
mothers in custody decisions has decreased, and there is more
emphasis on including both parents in the child’s life. In the
early 1980s, 50% of children had no contact with their fathers
2 or 3 years after a divorce, whereas today only 20% to 25%
of children have no contact with their father. Most states now
allow joint physical or legal custody. In joint physical custody,
the child spends a significant amount of time with each parent,
and in joint legal custody, parents share authority in decision
making. Although joint custody arrangements may promote
the involvement of both parents in the child’s life, they also
can be a vehicle through which parents continue to express
their anger at each other. When parents have severe difficulty
working together, joint custody is an inappropriate arrange-
ment and has been associated with deterioration in the child’s
psychological and social adjustment.

Divorce often creates financial difficulties. Family income
usually declines in the first year after the divorce. Only about
half of mothers who have child support awards receive the full
amount, and one fourth receive no money at all. These finan-
cial changes may have multiple adverse affects on the child.
A move to a new house may require the child to attend a new
school disrupting peer relationships and other potential sup-
ports. The child may spend more time in child care if one or
both parents have to increase work hours.

Role of the Pediatrician

Pediatricians may be confronted with issues related to mar-
ital discord before the divorce, may be consulted around the
time of the divorce, or may be involved in helping the family to
manage issues in the years after the divorce. The pediatrician
can be an important voice in helping the parents understand
and meet the child’s needs (Table 26-1). Before the divorce,
parents may wonder what they should tell their children. Chil-
dren should be told of the parents’ decision before the physical
separation. The separation should be presented as a rational
step in managing marital conflict and should prepare the child
for the changes that will occur. Parents should be prepared to
answer children’s questions, and they should expect that the
questions will be repeated over the next months. Once parents
have told children of the separation, it may be confusing to the
child if the parents continue to appear to live together and may
raise false hopes that the parents will not divorce.

Many parents report not feeling like their life had stabilized
until 2 to 3 years or more after the divorce, and for some the
divorce remains a painful issue 10 years later. The child’s emo-
tional adjustment to divorce is closely predicted by the parents’
adjustment so parents should be encouraged to get help for
themselves if they are struggling emotionally after a divorce.
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Table 26-1 | General Recommendations for

Pediatricians to Help Children During

Separation, Divorce, or Death of a Close
Relative

Acknowledge and provide support for grief that the parent/
caregiver is experiencing.

Help parent/caregiver consider child’s needs.

Encourage parent/caregiver to maintain routines familiar to the

child.
Encourage continued contact between child and his or her friends.

If primary residence changes, the child should take transitional
objects, familiar toys, and other important objects to the new
residence.

Minimize frequent changes in caregivers, and for infants keep brief
the times spent away from primary caregiver.

Have parent/caregiver reassure the child that he or she will
continue to be cared for.

Have parent/caregiver reassure the child that he or she did not
cause the separation, divorce, or death (especially important in
preschool children).

Encourage parent/caregiver to create times or rituals that allow the
child to discuss questions and feelings if the child wishes.

Although most children ultimately show good adjustment to the
divorce, some have significant acting-out behaviors or depres-
sion that requires referral to a mental health professional. Some
parents need the assistance of a mediator or family therapist to
help them stay focused on their child’s needs. In the most con-
tentious situations, a guardian ad litem may need to be appointed
by the court. This individual is usually a lawyer or mental health
professional with the power to investigate the child and family’s
background and relationships to make a recommendation to the
court as to what would be in the best interests of the child.

SEPARATIONS FROM PARENTS

Children experience separations from their primary caregiver
for a variety of reasons. Brief separations, such as those to
attend school, camp, or other activities, are nearly a universal
experience. Many children experience longer separations for a
variety of reasons, including parental business trips, military
service, or hospitalization. Child adjustment to separation is
affected by child factors, such as the age of the child and the
child’s temperament; factors related to the separation, such as
the length of and reason for the separation, whether the sep-
aration was planned or unplanned; and factors related to the
caregiving environment during the separation, such as how
familiar the child is with the caregiver and whether the child
has access to friends and familiar toys and routines.

Children between 6 months and 3 to 4 years of age often have
the most difficulty adjusting to a separation from their primary
caregiver. Older children have cognitive and emotional skills
that help them adjust. They may be better able to understand
the reason for the separation, communicate their feelings, and
comprehend the passage of time, allowing them to anticipate
the parent’s return. For older children, the period immediately
before a planned separation may be particularly difficult if the
reason for the separation causes significant family tension, as it
may in the case of hospitalization or military service.

If parents anticipate a separation, they should explain the
reason for the separation and, to the extent possible, give con-
crete information about when they will be in contact with the
child and when they will return home. If the child can remain
at home with a familiar and responsive caregiver, this is likely
to help adjustment. If children cannot remain at home, they
should be encouraged to take with them transitional objects,
such as a favorite blanket or stuffed animal, familiar toys, and
important objects such as a picture of the parent. Maintenance
of familiar family routines and relationships with friends
should be encouraged.

DEATH OF A PARENT OR FAMILY

MEMBER AND BEREAVEMENT

Death of a close family member is a sad and difficult expe-
rience. When a child loses a parent, it is a devastating expe-
rience. This experience is not rare. By 15 years of age, 4%
of children in the United States experience the death of a
parent. This experience is likely to alter forever the child’s
view of the world as a secure and safe place. Similar to the
other separations, a child’s cognitive development and tem-
perament along with the available support systems affect
the child’s adjustment after the death of a parent. Many of
the recommendations in Table 26-1 are helpful. The death
of a parent or close family member also brings up some
unique issues.

Explaining Death to a Child

Children’s understanding of death changes with their cogni-
tive development and experiences (see Chapter 4). Preschool
children often do not view death as permanent and may have
magical beliefs about what caused death. As children become
older, they understand death as permanent and inevitable, but
the concept that death represents the cessation of all bodily
functions and has a biologic cause may not be fully appreci-
ated until adolescence.

Death should not be hidden from the child. It should be
explained in simple and honest terms that are consistent with
the family’s beliefs. The explanation should help the child to
understand that the dead person’s body stopped functioning
and that the dead person will not return. Preschool children
should be reassured that nothing they did caused the indi-
vidual to die. One should be prepared to answer questions
about where the body is and let the child’s questions help
determine what information the child is prepared to hear.
False or misleading information should be avoided. Compar-
isons of death to sleep may contribute to sleep problems in
the child.

There are many possible reactions of children to the
death of a parent or close relative. Sadness and a yearn-
ing to be with the dead relative are common. Sometimes
a child might express a wish to die so that he or she can
visit the dead relative, but a plan or desire to commit sui-
cide is uncommon and would need immediate evaluation.
A decrease in academic functioning, lack of enjoyment
with activities, and changes in appetite and sleep can occur.
About half of children have their most severe symptoms
about 1 month after the death, but for many the most severe
symptoms in reaction to the death do not occur until 6 to
12 months after the death.
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Should the Child Attend the Funeral?

Children often find it helpful to attend the funeral. It may help
the child to understand that the death occurred and provide
an opportunity to say good-bye. Seeing others express their
grief and sadness may help the child to express these feelings.
Going to the funeral helps prevent the child from having fears
or fantasies about what happened at the funeral. If the child is
going to attend the funeral, he or she should be informed of
what will happen. If a preschool-age child expresses a desire
not to attend the funeral, he or she should not be encouraged
to attend. For older children, it may be appropriate to encour-
age attendance, but a child who feels strongly about not want-
ing to go to the funeral should not be required to attend.
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Pediatric Nutrition and
Nutritional Disorders

Proper nutrition in infancy is essential for normal growth,
resistance to infections, long-term adult health, and opti-
mal neurologic and cognitive development. Healthy nutri-
tion is especially important during the first 6 months, a
period of exceptionally accelerated growth and high nutri-
ent requirements relative to body weight (see Chapter 5).
Breastfeeding is associated with a reduced risk of many dis-
eases in infants, children, and mothers (for more details visit
http://www.nutrition.gov/).

BREASTFEEDING

Human milk and breastfeeding are the ideal and normative
standards for infant feeding and nutrition. The American
Academy of Pediatrics (AAP) recommends human milk as the
sole source of nutrition for the first 6 months of life, with con-
tinued intake for the first year, and as long as desired thereafter.
Breastfeeding has short- and long-term advantages for infant
neurodevelopment. Pediatric health care providers should
approach breastfeeding at multiple levels (individual, commu-
nity, social, and political) to reach the goals of “Healthy People
in 20207; its targets include 82% of infants with any breastfeed-
ing, 23.7% of infants with exclusive breastfeeding for the first
6 months of life, and lactation support at work of 38%. In col-
laboration with national and global organizations, including
the AAP, World Health Organization (WHO), UNICEE the
Centers for Disease Control and Prevention (CDC), and the
Joint Commission, hospitals are asked to promote and facili-
tate breastfeeding.

The first 2 days of breastfeeding, and perhaps the first hour
of life, may determine the success of breastfeeding. The current
rate of breastfeeding initiation for the total U.S. population is
75% (Figure 27-1). There is greater emphasis to improve and
standardize hospital practices with “Baby Friendly” programs
for breastfeeding support.

The Department of Health and Human Services and the
CDC recognize that breastfeeding offers infants, mothers,
and society compelling advantages in industrialized and
developing countries. Human milk feeding decreases the
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incidence and severity of diarrhea, respiratory illnesses, oti-
tis media, bacteremia, bacterial meningitis, and necrotizing
enterocolitis.

There are beneficial effects of feeding preterm infants with
human milk on long-term neurodevelopment (IQ) in preterm
infants. Preterm breastfed infants also have a lower readmis-
sion rate in the first year of life.

Mothers who breastfeed experience both short- and long-
term health benefits. Decreased risk of postpartum hem-
orrhages, more rapid uterine involution, longer period of
amenorrhea, and decreased postpartum depression have
been observed. Similarly, there is an association between
a long lactation of 12 to 23 months (cumulative lactation of
all pregnancies) and a significant reduction of hypertension,
hyperlipidemia, cardiovascular disease, and diabetes in the
mother. Cumulative lactation of more than 12 months also
correlates with reduced risk of ovarian and breast cancer.

Adequacy of milk intake can be assessed by voiding
and stooling patterns of the infant. A well-hydrated infant
voids six to eight times a day. Each voiding should soak, not
merely moisten, a diaper, and urine should be colorless. By
5 to 7 days, loose yellow stools should be passed at least four
times a day. Rate of weight gain provides the most objective
indicator of adequate milk intake. Total weight loss after birth
should not exceed 7%, and birth weight should be regained by
10 days. The mean feeding frequency during the early weeks
postpartum is 8 to 12 times per day. An infant may be ade-
quately hydrated while not receiving enough milk to achieve
adequate energy and nutrient intake. Telephone follow-up is
valuable during the interim between discharge and the first
doctor visit to monitor the progress of lactation. A follow-up
visit should be scheduled by 3 to 5 days of age, and again by
2 weeks of age.

In the newborn period, elevated concentrations of serum
bilirubin are present more often in breastfed infants than in
formula-fed infants (Chapter 62). Feeding frequency during
the first 3 days of life of breastfed infants is inversely related
to the level of bilirubin; frequent feedings stimulate meco-
nium passage and excretion of bilirubin in the stool. Infants
who have insufficient milk intake and poor weight gain in the
first week of life may have an increase in unconjugated bili-
rubin secondary to an exaggerated enterohepatic circulation
of bilirubin. This is known as breastfeeding jaundice. Atten-
tion should be directed toward improved milk production
and intake. The use of water supplements in breastfed infants
has no effect on bilirubin levels and is not recommended.


http://www.nutrition.gov/
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90 Table 27-1 | Maternal Contraindications and
80 — [ Healthy People 2010 Goal Recommendations for Breastfeeding
-0 [ Current Data in 2012 MATERNAL RECOMMENDATIONS
[ Healthy People 2020 Goal CONTRAINDICATIONS FOR MOTHER
60 Tuberculosis (active) Should not breastfeed; expressed
milk may be provided to child.
50
] Varicella Should not breastfeed; expressed
40 ] milk may be provided to child.
H1N1T influenza Should not breastfeed; expressed
30 milk may be provided to child.
20 ] Herpes simplex infection of Should not breastfeed; expressed
the breast milk may be provided to child.
10 Human immunodeficiency In industrialized countries
0 virus (HIV) mothers are not recommended

Rate of exclusive
breastfeeding
for 6 months
Figure 27-1 The 2010 and 2020 Healthy People Targets and
the current 2012 rates of breastfeeding initiation, 6 months of any
breastfeeding, and 6 months of exclusive breastfeeding in the United
States.

Rate of 6 months
of any breastfeeding

Rate of initiation
of breastfeeding

After the first week of life in a breastfed infant, prolonged
elevated serum bilirubin may be due to presence of an
unknown factor in milk that enhances intestinal absorption
of bilirubin. This is termed breast milk jaundice, which is a
diagnosis of exclusion and should be made only if an infant
is otherwise thriving, with normal growth and no evidence
of hemolysis, infection, biliary atresia, or metabolic disease
(Chapter 62). Breast milk jaundice usually lasts no more
than 1 to 2 weeks. The American Academy of Pediatrics rec-
ommends vitamin D supplementation (400 IU/day starting
soon after birth), and, when needed, fluoride after 6 months
for breastfed infants.

Common Breastfeeding Problems

Breast tenderness, engorgement, and cracked nipples are
the most common problems encountered by breastfeeding
mothers. Engorgement, one of the most common causes of
lactation failure, should receive prompt attention because
milk supply can decrease quickly if the breasts are not ade-
quately emptied. Applying warm or cold compresses to the
breasts before nursing and hand expression or pumping of
some milk can provide relief to the mother and make the are-
ola easier to grasp by the infant. Nipple tenderness requires
attention to proper latch-on and positioning of the infant.
Supportive measures include nursing for shorter periods,
beginning feedings on the less sore side, air drying the nip-
ples well after nursing, and applying lanolin cream after each
nursing session. Severe nipple pain and cracking usually indi-
cate improper latch-on. Temporary pumping, which is well
tolerated, may be needed. Meeting with a lactation consultant
may help minimize these problems and allow the successful
continuation of breastfeeding.

If a lactating woman reports fever, chills, and malaise, mas-
titis should be considered. Treatment includes frequent and
complete emptying of the breast and antibiotics. Breastfeed-
ing usually should not be stopped because the mother’s mas-
titis commonly has no adverse effects on the breastfed infant.

to breastfeed. In developing
countries women are
recommended to combine
breastfeeding with antiretroviral
therapy (ART) for 6 months.

Use of phencyclidine (PCP),
cocaine, or amphetamines

Recommended to stop use

of drugs as it can affect infant
neurobehavioral development.
Mothers enrolled in supervised
methadone programs are
encouraged to breastfeed.

Alcohol Limit ingestion to less than 0.5 mg
of alcohol per kg of body weight
due to association with motor

development.

Express milk before exposure

to feed infant. Express milk

and discard during therapies.
Radioactivity may be present in
milk from 2 to 14 days, depending
on agent. Consult with nuclear
medicine expert.

Radiopharmaceutical agents

Antineoplastic and Substitute formula.

immunosuppressive agents

Modified from Eidelman Al, Schanler RJ: American Academy of Pediatrics
Section on Breastfeeding. Breastfeeding and the use of human milk,
Pediatrics 129(3):827-841, 2012.

Untreated mastitis may also progress to a breast abscess. If an
abscess is diagnosed, treatment includes incision and drain-
age, antibiotics, and regular emptying of the breast. Nursing
from the contralateral breast can be continued with a healthy
infant. If maternal comfort allows, nursing can continue on
the affected side.

Maternal infection with human immunodeficiency virus
(HIV) is considered a contraindication for breastfeeding in
developed countries. When the mother has active tubercu-
losis, syphilis, or varicella, restarting breastfeeding may be
considered after therapy is initiated. If a woman has herpetic
lesions on her breast, nursing and contact with the infant on
that breast should be avoided. Women with genital herpes
can breastfeed. Proper hand-washing procedures should be
stressed.

There are limited numbers of medical contraindications for
breastfeeding, including pediatric metabolic disorders such
as galactosemia, and infants with phenylketonuria, although
infants with the latter may alternate breastfeeding with special
protein-free or modified formulas. Maternal contraindications
are shown in Table 27-1.
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Any drug prescribed therapeutically to newborns usually can
be consumed via breast milk without ill effect. The factors that
determine the effects of maternal drug therapy on the nursing
infant include the route of administration, dosage, molecular
weight, pH, and protein binding. Few therapeutic drugs are
absolutely contraindicated; these include radioactive com-
pounds, antimetabolites, lithium, and certain antithyroid drugs.
The mother should be advised against the use of unprescribed
drugs, including alcohol, nicotine, caffeine, or “street drugs”

Maternal use of illicit or recreational drugs is a contraindi-
cation to breastfeeding. If a woman is unable to discontinue
drug use, she should not breastfeed. Expression of milk for a
feeding or two after use of a drug is not acceptable. Breastfed
infants of mothers taking methadone (but no alcohol or other
drugs) as part of a treatment program generally have not expe-
rienced ill effects.

FORMULA FEEDING

Cow’s milk-based formulas are the vast majority of com-
mercial formulas. Most milk-based formulas have added

iron, which the AAP recommends, and parents should use
only iron-fortified formula unless advised otherwise by the
primary health care provider. Infant formula manufacturers
have begun to examine the benefits of adding a variety of
nutrients and biological factors to infant formula to mimic
the composition and quality of breast milk. These include
long-chain polyunsaturated fatty acids, nucleotides, pre-
biotics, and probiotics. Soy-based formulas, which some-
times have added iron, may be used for newborns who may
be allergic to cow’s milk. However, some newborns allergic
to cow’s milk are also allergic to the protein in soy formu-
las. There are hypoallergenic formulas for infants who can't
tolerate the basic formulas, such as those with allergies to
milk or soy proteins. The proteins in these hypoallergenic
formulas are broken down to their basic components and
are therefore easier to digest (Table 27-2). Specialized for-
mulas are designed for premature, low birth weight babies.
The carbohydrate is generally lactose, although lactose-free
cow’s milk-based formulas are available. The caloric den-
sity of formulas is 20 kcal/oz (0.67 kcal/mL), similar to that
of human milk. A relatively high-fat and calorically dense
diet (human milk or formula) is needed to deliver adequate

Table 27-2 | Composition of Breast Milk, Breast Milk after Freezing and Pasteurization, and Representative
Infant Formulas

BREAST MILK AFTER
FREEZING AND

COMPONENT BREAST MILK PASTEURIZING
Protein 1.1 per dL Reduced
Fat 4.0 per dL 4.0 per dL
Carbohydrate 7.2 per dL 7.2 per dL
Calcium 290 mg/L 290 mg/L
Phosphorus 140 mg/L 140 mg/L
Sodium 8.0 mg/L 8.0 mg/L
Vitamin D Variable Variable
Vitamin A 100% 100%
Osmolality 253 mOsm/L 253 mOsm/L
Renal solute load 75 mOsm/L 75 mOsm/L
IgA and SIgA Present Reduced 30%
IgM Present Present
19G Present Reduced 30%
Lactoferrin Present Reduced 30%
Lysozyme Present Reduced 25%
Lipases Present 0
Monoglycerides Present Present
Free fatty acids Present Present
Linoleic acid Present Present
Alpha-linoleic acid Present Present
Bifidus factor Present Present
Oligosaccharides Present Present

STANDARD HYPOALLERGENIC
FORMULA SOY FORMULA FORMULA

1.5 per dL 1.7 perdL 1.9 perd/L

3.6 perdL 3.6 perdL 3.8-3.3 perd/L

6.9-7.2 per dL 6.8 per dL 6.9-7.3 perd/L

420-550 mg/L 700 mg/L 635-777 mg/L

280-390 mg/L 500 mg/L 420-500 mg/L

6.5-8.3 mg/L 13 mg/L 14 mg/L

400 per dL 400 per dL 400 per d/L

230 mOsm/L 200-220 mOsm/L 290 mOSm/L

100-126 mOsm/L 126150 mOsm/L ~ 125-175 mOSm/L

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

Added to some Added to some Added to some formulas

formulas formulas

Added to some Added to some Added to some formulas

formulas formulas

Added to some Added to some Added to some formulas

formulas formulas

Added to some Added to some Added to some formulas

formulas formulas
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calories (around 18 to 30 oz per day). Formula-fed infants
are at higher risk for obesity later in childhood; this may be
related to self regulation of volumes ingested by the newborns
and infants.

COMPLEMENTARY FOODS

By approximately 6 months, complementary feeding of
semisolid foods is suggested. By this age, an exclusively
breastfed infant requires additional sources of several
nutrients, including protein, iron, and zinc. Cereals com-
monly are mixed with breast milk, formula, or water and
later with fruits. To help identify possible allergies or food
intolerances that may arise when new foods are added to
the diet, single-grain cereals (rice, oatmeal, barley) are rec-
ommended as starting cereals. If juice is given, it should
be started only after 6 months of age, be given in a cup (as
opposed to a bottle), and limited to 4 oz daily of 100% nat-
ural unsweetened juice. An infant should never be put to
sleep with a bottle or cup filled with milk, formula, or juice
because this can result in Early Childhood Caries (ECC)
(see Chapter 127).

Green vegetables bring nutrients, vitamin, minerals, and
micronutrients. Children should get two to three servings of
vegetables. For infants with a strong family history of food
allergy, foods with high allergic potential, such as fish, pea-
nuts, tree nuts, dairy products, and eggs, should probably be
avoided. All foods with the potential to obstruct the young
infant’s main airway should be avoided in general until 4 years
of age or older. Because of the risk of infant botulism, honey
should not be given before 1 year of age.

Commercially prepared or homemade foods help meet the
nutritional needs of the infant. If the introduction of solid
foods is delayed, nutritional deficiencies can develop, and oral
sensory issues (texture and oral aversion) may occur. General
signs of readiness include the ability to hold the head up, matu-
rity (around double the birth weight), opening their mouths
wide, showing eager anticipation of eating food and interest
in foodes, sitting unassisted, bringing objects to the mouth, and
the ability to track a spoon. The choice of foods to meet micro-
nutrient needs is less critical for formula.

Caries are tooth infections that start as early as when the
deciduous teeth (baby teeth) have erupted. A tooth cav-
ity is caused by a combination of sugar and bacteria in the
mouth. Eating a healthy diet and brushing regularly will
control sugar and bacteria. Rubbing infant gums with a wet
washcloth can be the first step in oral hygiene. There are
also ergonomically designed tooth brushes, comfortable and
safe for infants, used to rub their gums and create the habit
of oral hygiene. A variety of feeding habits beyond nursing
and bottle feeding are implicated as causes of dental car-
ies in childhood that can lead to problems with adult teeth
and health. This infection can be prevented by healthy food
choices and habits starting in infancy. Exposure to different
textures and the process of self-feeding are important neu-
rodevelopmental experiences for infants. A healthy diet is
recommended to take full advantage of the child’s develop-
mental milestones and for the child’s well-being. For the first
2 months it is important to set the stage by making distinc-
tions between sleeping and feeding time. At 4 to 6 months of
age, beginning to actively separate mealtime from bedtime is
recommended.

DIET OF THE
NORMAL CHILD AND
ADOLESCENT

NUTRITION ISSUES FOR TODDLERS

AND OLDER CHILDREN

Learning healthy eating behaviors at an early age is an import-
ant preventive measure because of the association of diet with
several chronic and noncommunicable diseases (NCDs),
such as obesity, diabetes, and cardiovascular disease, which
may account for approximately 60% of all deaths worldwide.
These diseases share risk factors that can be modified by life-
style changes such as eating less processed food and increasing
physical activity. Diets high in fruits and vegetables together
with increased physical activity improve metabolic risk fac-
tors. The first 1000 days of life are an important time to engage
in healthy nutrition behaviors that will promote well-being.
Accelerated postnatal growth in infants and young children is
an important risk factor for obesity; interventions should be
aimed at identifying underlying causes for early prevention.
For a discussion of nutrient needs for children and adoles-
cents, see http://www.health.gov/dietaryguidelines.

MILK

The consumption of cow’s milk is ideally not introduced until
approximately 1 year of age when it is better tolerated. Low-fat
(2%) or whole milk is recommended until 2 years or age, after
which fat-free or 1% milk is recommended. Excessive milk
intake (more than 24 oz/day) should be avoided in toddlers
because larger intakes may reduce the intake of a good variety
of nutritionally important solid foods and also result in iron
deficiency anemia; large intakes also may contribute to exces-
sive caloric intake.

JUICES

Juice intake for toddlers and young children should be limited
to 4 oz, and juice intake for children 7 to 18 years of age should
be limited to 8 oz/day. Water and milk are the recommended
drinks during the day.

GENERAL RECOMMENDATIONS

“ChooseMyPlate” by the U.S. Department of Agriculture can
provide parents with a general guideline for the types of foods
to be offered on a regular basis. A child should eat three meals
a day and two healthy snacks. A general rule for the quantity of
food to offer to a child is one tablespoon per age of each food
provided per meal, with more given if the child requests. As a
rule of thumb, children should not be eating more than an adult
palm per serving. By 1 year of age, infants should be eating meals
with the family, have a regular schedule of meals and snacks,
and be encouraged to self-feed with appropriate finger foods.


http://www.health.gov/dietraryguidelines
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The “plate” image is divided into five sections: Fruits, Grains,
Vegetables, Protein, and Dairy (Figure 28-1; Table 28-1). Half
of the “plate” should be vegetables and fruits, and the other half
grains and proteins, with dairy on the side. The “plate” is simple,
organized, and serves as a guide for healthy eating. A weekly rec-
ommendation for vegetable intake is also provided (Table 28-1).
Other suggestions include the following: switch to fat free or
low-fat (1%) milk; make at least half of the grains whole instead
of refined grains; avoid oversize proportions; compare sodium
(salt) in foods such as soup, bread, and frozen meals; choose
foods with lower sodium content; and drink water instead of
sugary drinks. After 2 years, it is recommended that the fat
intake gradually be reduced to approximately 30% and not less
than 20% of calories. Replace proteins from red meat with a mix
of fish, chicken, nuts, and legumes. Power struggles over eating
are common between parents and toddlers. The parent’s role is
to decide the what, when, and where of the meals. The child’s
role is to decide if, what, and how much to eat.

IRON INTAKE

Iron intake may be inadequate in some children between 1 and
3 years of age in the United States. Significant iron deficiency
anemia exists in some high-risk minority or low-income

Table 28-1 | Recommended Weekly Vegetable Intake
(in cups)

DRY
AGE BEANS/
(YEARS) GREEN ORANGE STARCH PEAS OTHER"
2-3 1 V2 12 iz 4
4-8 1% 1 2V 5% 4Ys
>9 Girls 2 1% 22 2V 5V
>9 Boys 3 2 3 3 6%

From www.ChooseMyPlate.gov
*Including cabbage, cauliflower, green beans, lettuce, zucchini.

MyPlate

Figure 28-1 "ChooseMyPlate” guidelines developed by the U.S.
Department of Agriculture. (From www.ChooseMyPlate.gov)

populations of young children. Toddlers with excessive milk
intakes (>32 oz/day) and/or those who consume little meat,
green leaves rich in iron, or grains are at risk for iron deficiency.

NUTRITION ISSUES FOR ADOLESCENTS
Teen nutrition can be a challenge. Ads for junk food and
images of incredibly thin adolescents provide conflicting and
unhealthy ideas about what they should eat. Girls ages 14 to 18
need anywhere from 1800 to 2400 calories per day, depending
on their activity level and stage of development. Boys of the
same age group need 2000 to 3200 calories daily. Poor eating
habits may develop during adolescence. Skipped meals (espe-
cially breakfast), binge eating with friends or alone, dieting,
and consumption of nutrient-poor, calorically dense foods
are common problems. Excessive consumption of sugar from
soda, fruit drinks, and specialty coffee and tea drinks may con-
tribute to excess weight gain as well as tooth decay and may
displace other needed nutrients. Poor calcium intake during
adolescence may predispose the adult to future osteoporotic
hip fracture. Osteoporosis (osteopenia) during adolescence
caused by poor dietary calcium or vitamin D intake or poor
absorption of ingested calcium in children and adolescents is a
potential problem. Only 1 of 10 teenage girls and 1 of 4 teenage
boys get enough calcium every day. Adolescents ages 9 to 18
need 1300 milligrams of calcium daily. Good sources include
milk, yogurt, fortified orange juice, cheese, soybeans, and tofu.
Inadequate iron intake may results in symptoms of fatigue
and iron deficiency anemia. Iron needs increase during growth
spurts, which is why teens are more likely to suffer from iron
deficiency anemia. Teenage girls are especially prone to ane-
mia. Student athletes are also vulnerable to inadequate iron
intakes, severely restrictive eating patterns, and use of inap-
propriate nutritional and vitamin supplements. Adolescents
should be counseled on specific and healthy dietary choices
(see Chapter 70).

OBESITY

EPIDEMIOLOGY

Childhood obesity is an epidemic in the United States. Data
indicate that approximately 17% of children in the United
States ages 2 to 20 are obese (body mass index of =95th per-
centile) and more than 30% of U.S. adults are obese. Many
obese children become obese adults, and the risk of remain-
ing obese increases with age and degree of obesity. Obesity
runs in families and is rarely related to genetic influences. The
largest increases in the prevalence of obesity are seen in the
most severely overweight classifications and in certain ethnic
groups, such as African-American and Mexican-American
children. In 2008, obesity cost the nation $147 billion in med-
ical costs. The associations between obesity and television
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watching and excessive dietary intake as well as the different
rates of obesity observed in urban versus rural areas support
the important influence of environment. One important risk
factor is maternal obesity during pregnancy. Children born to
obese mothers are three to five times more likely to be obese in
childhood. Women who gain much more weight than recom-
mended during pregnancy have children who have a higher
BMI than normal in adolescence. Also, some small for ges-
tational age (SGA) newborns have higher risks for abnormal
postnatal weight gain and diabetes.

CLINICAL MANIFESTATIONS

Decision-Making Algorithm
Available @ StudentConsult.com

Obesity

Complications of obesity in children and adolescents can
affect virtually every major organ system. High BMI increases
the risk of metabolic and cardiovascular diseases and some
cancers; it is also the most important modifiable risk factor for
glycemia and diabetes. The history and physical examination
should screen for many potential complications noted among
obese patients (Table 29-1), in addition to specific syndromes
associated with obesity (Table 29-2). Medical complications
are often related to the degree of obesity and usually decrease
in severity or resolve with weight reduction. Obesity is asso-
ciated with the presence of precursors of coronary heart dis-
ease that are already evident in 12- and 13-year-old children.
Type 2 diabetes is also increasing in children.

ASSESSMENT

The diagnosis of obesity depends on the measurement of
excess body fat. Actual measurement of body composition is
not practical in most clinical situations.

Table 29-1 | Complications of Obesity

COMPLICATION EFFECTS

Psychosocial Peer discrimination, teasing, reduced
college acceptance, isolation, depression,
eating disorders (binge-eating), reduced job
promotion”

Growth Advance bone age, increased height, early

menarche

Central nervous Pseudotumor cerebri

system

Respiratory Obstructive sleep apnea

Cardiovascular Hypertension, cardiac hypertrophy, arrhythmias,

ischemic heart disease,” sudden death”

Orthopedic Slipped capital femoral epiphysis, Blount
disease
Metabolic Insulin resistance, type 2 diabetes mellitus,

hypertriglyceridemia, hypercholesterolemia,
gout,” hepatic steatosis, polycystic ovary
disease, cholelithiasis

*Complications unusual until adulthood.
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BMI (body mass index; BMI = wt (kg) + Ht> (m)) is a
convenient screening tool that correlates fairly strongly with
body fatness in children and adults. BMI age-specific and
gender-specific percentile curves (for 2- to 20-year-olds)
allow an assessment of BMI percentile (available online at
http://www.cdc.gov/growthcharts). Table 29-3 provides BMI
interpretation guidelines. For children younger than 2 years
of age, weight-for-length measurements greater than 95th per-
centile may indicate overweight and warrant further assess-
ment. A BMI for age and gender above the 95th percentile is
strongly associated with excessive body fat and is associated
with multiple cardiovascular disease risk factors.

Early recognition of excessive rates of weight gain, over-
weight, or obesity in children is essential because the earlier
the interventions, the more likely they are to be successful.

Table 29-2 | Diseases Associated with Childhood
Obesity

SYNDROME

Alstrém syndrome

MANIFESTATIONS

Hypogonadism, retinal
degeneration, deafness, diabetes
mellitus

Polydactyly, syndactyly, cranial
synostosis, mental retardation

Carpenter syndrome

Cushing syndrome Adrenal hyperplasia or pituitary

tumor

Frohlich syndrome Hypothalamic tumor

Nesidioblastosis, pancreatic
adenoma, hypoglycemia, Mauriac
syndrome

Hyperinsulinism

Laurence-Moon-Bardet-
Biedl

Retinal degeneration, syndactyly,
hypogonadism, mental retardation,
autosomal recessive syndrome

Late onset of obesity
Spina bifida

Neonatal hypotonia, normal growth
immediately after birth, small
hands and feet, mental retardation,
hypogonadism; some have partial
deletion of chromosome 15

Muscular dystrophy
Myelodysplasia
Prader-Willi syndrome

Pseudohypoparathyroidism  Variable hypocalcemia, cutaneous

calcifications

Turner syndrome Ovarian dysgenesis, lymphedema,

web neck; XO chromosome

*These diseases represent <5% of cases of childhood obesity.

Table 29-3 | Body Mass Index (BMI)" Interpretation

BMI/AGE PERCENTILE INTERPRETATION
<5th Underweight
5th-85th Normal
85th—95th Overweight
>95th Obese
From www.cdc.gov/healthyweight.
v = 2ea)
Ht? (m)


http://www.cdc.gov/growthcharts
http://www.cdc.gov/healthyweight
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Routine evaluation at well-child visits should include the
following:

1. Anthropometric data, including weight, height, and
calculation of BMI. Data should be plotted on age-
appropriate and gender-appropriate growth charts and
assessed for BMI trends (see Table 29-3).

2. Dietary and physical activity history (Table 29-4). Assess
patterns and potential targets for behavioral change.

3. Physical examination. Assess blood pressure, adiposity
distribution (central versus generalized), markers
of comorbidities (acanthosis nigricans, hirsutism,
hepatomegaly, orthopedic abnormalities), and physical
stigmata of a genetic syndrome (explains fewer than 5%
of cases).

4. Laboratory studies. These are generally reserved
for children who are obese (BMI > 95th percentile),
who have evidence of comorbidities, or both. Other
studies should be guided by findings in the history
and physical examination. The American Academy of
Pediatrics endorses the government guidelines from
2011, which recommend that all 9- to 11-year-olds be
screened for cholesterol. Other useful laboratory tests
may include hemoglobin Alc, fasting lipid profile,
fasting glucose levels, liver function tests, and thyroid
function tests (if there is a faster increase in weight
than height).

PREVENTION

The approach to therapy and aggressiveness of treatment
should be based on risk factors, including age, severity of
overweight and obesity, and comorbidities, as well as family
history and support. The primary goal for all children with
uncomplicated obesity and fast-rising weight-for-height is
to achieve healthy eating and activity patterns. For chil-
dren with a secondary complication, specific treatment of the
complication is an important goal. Childhood and adolescent
obesity treatment programs can lead to sustained weight loss
and decreases in BMI when treatment focuses on behavioral
changes and is family centered. Concurrent changes in dietary
and physical activity patterns are most likely to provide suc-
cess (Table 29-5).

Goal setting needs to be specific and attainable. Instead of
recommending that the child walk or bike to school, suggest
walking or biking to school two or more days a week. Rather
than recommending that a child watch less television, sug-
gest watching no television on school days. It is important to
keep it simple and set one or two short-term goals at a time.
In addition, behavioral risk factors need to be identified, such
as avoiding fast food when family life gets hectic. Helping the
family think of healthy alternatives is important.

Families need to be counseled on age-appropriate and
healthy eating patterns, beginning with the promotion of
breastfeeding. For infants, transition to complementary and
table foods and the importance of regularly scheduled meals
and snacks, versus grazing behavior, should be emphasized.
Age-appropriate portion sizes for meals and snacks should be
encouraged. Children should be taught to recognize hunger
and satiety cues, guided by reasonable portions and healthy
food choices by parents. Smaller bowls should be used, and
children should never eat directly from a bag or box. No juices
or soda should be the rule. Children should never be forced

Table 29-4 | Eating and Activity Habits for Overweight/
Obesity Prevention

ACTIVITIES FOR OVERWEIGHT/OBESITY
PREVENTION

INDIVIDUAL m Be physically active >1 hour per day

® Limit screen time (television, computer
games/Internet, video games) to <1-2 hours
per day (no TV for child <2 yr of age)

= Consume five or more servings of fruits and
vegetables per day

= Minimize consumption of sugar-sweetened
beverages

m Consume a healthy breakfast every day

FAMILY m Eat at table, as a family, at least five to six

times per week

m Prepare more meals at home rather than
purchasing restaurant food

= Allow child to self-regulate his or her meals
and avoid overly restrictive feeding behaviors

® Do not reward children with food or drinks

= Have only healthy foods available for
snacking

= Encourage outdoor activity

COMMUNITY Schools

m Serve healthy foods

= Limit what is available in vending machines

= Have physical activity daily

= Have outdoor recess daily

m Teach healthy eating

Health Care Providers

® Take a nutrition history

® Speak to patients about healthy weight and
good nutrition

= Advise exercise

GOVERNMENT = Increase access to healthy food and
eliminate food deserts
® Regulate food ads or serving sizes
= Add more sidewalks and parks
® Emphasize safety

to eat when they are not willing, and overemphasis on food
as a reward should be avoided. “Choose My Plate” by the U.S.
Department of Agriculture can provide parents with a general
guideline for the types of foods to be offered on a regular basis,
including fruits, vegetables, grains, protein, and dairy.

The importance of physical activity should be empha-
sized. For some children, organized sports and school-based
activities provide opportunities for vigorous activity and fun,
whereas for others a focus on activities of daily living, such
as increased walking, using stairs, and more active play may
be better received. Time spent in sedentary behavior, such
as television viewing and video/computer games, should be
limited. Television in children’s rooms is associated with more
television time and with higher rates of overweight, and the
risks of this practice should be discussed with parents. Clini-
cians may need to help families identify alternatives to sed-
entary activities, especially for families with deterrents to
activity, such as unsafe neighborhoods or lack of supervision
after school.

TREATMENT

More aggressive therapies are considered only for those who
have not responded to other interventions. Treatment includes
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Table 29-5 | Setting Explicit Goals to Prevent or Treat Obesity

FIGHT OBESITY EFFECTIVELY AMBIGUOUS GOALS
Walk or bike more

Watch less TV

Keep it simple

Countable goals/unambiguous
2 short-term goals/time

Be able to count Decrease size of serving
Aim to change behaviors

Don't focus on consumption of
carbohydrates, fat, protein

Decrease to 20 g of fat

Focus on specific categories Decrease sugars
Focus on healthier preparation methods
Focus on eating patterns

Focus on portion size

Eating fast food Eat less junk food
Sweetened beverages Avoid soda/juices

Healthy beverages

Fruits Buy fewer juices
Increase eating fruits
Vegetables Increase eating veggies

Physical activities Walk more

Increase walking from school

SPECIFIC GOALS
Walk or bike to school 2 days a week
Watch no TV on school days

Small bowls (parent palm)
Avoid eating from the box

Eat fish once a week

Avoid sweetened foods

Avoid frying

Avoid double dinner

Portion parent’s palm size

Limit trips to McDonalds to once a week
No soda or juices

Drink only milk or water

Have no juices in the refrigerator
Keep a bowl of fruits in the kitchen

Have a bowl of veggies in the refrigerator

Cooperation, competition, and social interaction such as building a
house of veggies

Family hikes every Sunday
Specific activity time for activities and sedentary behavior

Parents picking up from school 2 days a week

a systematic approach that promotes multidisciplinary brief,
office-based interventions for obese children as well as reduc-
ing weight. Before enrolling any patient in a weight-loss pro-
gram, the clinician must have a clear idea of that individual’s
expectations. Patients with unrealistic expectations should not
be enrolled until these are changed to realistic and attainable
goals. Using the pneumonic described, the clinician should
guide the patient who seeks weight reduction to create SMART
goals: Specific, Measurable, Attainable, Realistic, and Timely.

Surgical treatment may be advocated as a preferred and
cost-effective solution for certain children and adolescents.
The role of bariatric surgery in the treatment of obese chil-
dren or adolescents is controversial. The concerns about sur-
gery to treat obesity in young populations include whether
or not surgery is cost effective; how to ensure healthy growth
through to adulthood; what support services are needed after
surgery; compliance with the postoperative nutrition regimen;
and attendance at appointments for long-term follow-up and
care. There is very limited evidence available to adequately
estimate long-term safety, effectiveness, cost effectiveness or
durability of bariatric surgery in growing children. The exist-
ing evidence suggests that bariatric surgery in severely obese
adolescent results in significant weight loss and improvements
in comorbidities and quality of life. Postoperative complica-
tions (both physical and psychological), compliance, and fol-
low-up may be more problematic in adolescents than adults,
and long-term data on safety, effectiveness, and cost remain
largely unavailable.

&
/
v

Pediatric undernutrition is usually the result of inadequate
food supply, access, or utilization; poor access to health and
sanitation; and/or inappropriate feeding or child care practices.
The greatest risk of undernutrition is in utero through age 2.
Various guidelines can be used to classify pediatric malnutri-
tion (Table 30-1). International references are established that
allow normalization of anthropometric measures in terms of z
scores. Other measurements include height and weight for age,
weight for height, BMI, and mid-upper arm circumference. The
greatest consequence of undernutrition is death, but significant
intellectual and physical disability exists in many who survive.

Protein-energy malnutrition (PEM) is a spectrum of con-
ditions caused by varying levels of protein and calorie defi-
ciencies. Primary PEM is caused by social or economic factors
that result in a lack of food. Secondary PEM occurs in chil-
dren with various conditions associated with increased caloric
requirements (infection, trauma, cancer) (Fig. 30-1), increased
caloric loss (malabsorption), reduced caloric intake (anorexia,
cancer, oral intake restriction, social factors), or a combination
of these three variables. Protein and calorie malnutrition may
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Table 30-1 | Definitions of Malnutrition

CLASSIFICATION DEFINITION

GRADING

Gomez Weight below % median WFA Mild (grade 1) 75%—90% WFA
Moderate (grade 2) 60%—74% WFA
Severe (grade 3) <60% WFA

Waterlow z-scores (SD) below median WFH Mild 80%-90% WFH
Moderate 70%-80% WFH
Severe <70% WFH

WHO (wasting) z-scores (SD) below median WFH Moderate —3 < z-score <-2
Severe z-score <—3

WHO (stunting) z-scores (SD) below median HFA Moderate -3 < zscore <-2
Severe z-score <—3

Kanawati MUAC divided by occipitofrontal head Mild <0.31

circumference Moderate <0.28

Severe <0.25

Cole z-scores of BMI for age Grade 1 BMI for age z-score <—1
Grade 2 BMI for age z-score <-2
Grade 3 BMI for age z-score <—3

From Grover Z, Ee LC: Protein energy malnutrition, Pediatr Clin North Am 56:1055-1068, 2009
BMI, Body mass index; HFA, height for age; MUAC, mid-upper arm circumference; NCHS, U.S. National Center for Health Statistics; SD, standard deviation;

WFA, weight for age; WFH, weight for height; WHO, World Health Organization.
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Figure 30-1 Increased energy needs with stress. (Adapted from
Wilmore D: The Metabolic Management of the Critically Ill, New York,
1977, Plenum Publishing. Revised in Walker W, Watkins J, editors:
Nutrition in Pediatrics: Basic Science and Clinical Application. Boston,
1985, Little, Brown.)

be associated with other nutrient deficiencies, which may be
evident on physical examination (Table 30-2).

FAILURE TO THRIVE
= Decision-Making Algorithm
¢ Available @ StudentConsult.com

Failure to Thrive

Pediatric undernutrition in the United States is often
termed failure to thrive and describes circumstances in which
a child fails to gain weight appropriately or, in more severe
cases, experiences failure in linear growth or head circumfer-
ence. The terms organic and nonorganic failure to thrive have
lost favor in recognition of the frequent interplay between
underlying medical conditions that may cause maladaptive
behaviors. Similarly, social and behavioral factors that initially
may have been associated with feeding problems (see Chap-
ter 21), and poor growth also may be associated with medical
problems, including frequent minor acute illnesses.

MARASMUS

Marasmus results from the body’s physiologic response to
inadequate calories and nutrients. Loss of muscle mass and
subcutaneous fat stores can be confirmed by inspection or
palpation and quantified by anthropometric measurements.
The head may appear large but generally is proportional to the
body length. Edema usually is absent. The skin is dry and thin,
and the hair may be thin, sparse, and easily pulled out. Maras-
mic children may be apathetic, weak, and may be irritable
when touched. Bradycardia and hypothermia signify severe
and life-threatening malnutrition. Inappropriate or inade-
quate weaning practices and chronic diarrhea are common
findings in developing countries. Stunting (impaired linear
growth) results from a combination of malnutrition, especially
micronutrients, and recurrent infections.

KWASHIORKOR

Kwashiorkor results from inadequate protein intake in the
presence of fair to good caloric intake. The hypoalbuminemic
state results in pitting edema that starts in the lower extremi-
ties and ascends with increasing severity. Other factors, such as
acute infection, toxins, and possibly specific micronutrient or
amino acid imbalances, are likely to contribute to the etiology.
The major clinical manifestation of kwashiorkor is that the
body weight is near normal for age; weight alone does not accu-
rately reflect the nutritional status because of edema. Physical



Table 30-2
SYSTEM SIGN DEFICIENCY
General Reduced weight for Calories
appearance height
Skin and hair Pallor Anemias (iron, vitamin
B, vitamin E, folate,
and copper)
Edema Protein, thiamine
Nasolabial seborrhea Calories, protein,
vitamin Bg, niacin,
riboflavin
Dermatitis Riboflavin, essential
fatty acids, biotin
Photosensitivity Niacin
dermatitis
Acrodermatitis Zinc
Follicular Vitamin A
hyperkeratosis
(sandpaper-like)
Depigmented skin Calories, protein
Purpura Vitamins C, K
Scrotal, vulval Riboflavin
dermatitis
Alopecia Zinc, biotin, protein
Depigmented, dull Protein, calories,
hair, easily pluckable copper
Subcutaneous Decreased Calories
tissue
Eye (vision) Adaptation to dark Vitamins A, E, zinc
Color discrimination Vitamin A
Bitot spots, Vitamin A

Face, mouth,
and neck

xerophthalmia,
keratomalacia

Conjunctival pallor

Fundal capillary
microaneurysms

Moon facies

Simian facies
Angular stomatitis
Cheilosis

Bleeding gums

Nutritional anemias
Vitamin C

Kwashiorkor

Marasmus
Riboflavin, iron

Vitamins By, niacin,
riboflavin

Vitamins C, K

SYSTEM

Cardiovascular

Genital
Skeletal

Neurologic
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Physical Signs of Nutritional Deficiency Disorders

SIGN
Atrophic papillae

Smooth tongue
Red tongue (glossitis)

Parotid swelling
Caries

Anosmia
Hypogeusia
Goiter

Heart failure

Hypogonadism
Costochondral
beading

Subperiosteal
hemorrhage

Cranial bossing
Wide fontanel
Epiphyseal
enlargement
Craniotabes
Tender bones
Tender calves

Spoon-shaped nails
(koilonychia)

Transverse nail line
Sensory, motor
neuropathy

Ataxia, areflexia
Ophthalmoplegia
Tetany

Retardation
Dementia, delirium

Poor position sense,
ataxia

DEFICIENCY
Riboflavin, iron, niacin,
folate, vitamin B
Iron

Vitamins By, By, niacin,
riboflavin, folate

Protein

Fluoride

Vitamins A, By, zinc
Vitamin A, zinc
lodine

Thiamine, selenium,
nutritional anemias

Zinc

Vitamins D, C
Vitamin C, copper

Vitamin D
Vitamin D
Vitamin D

Vitamin D, calcium
Vitamin C

Thiamine, selenium,
vitamin C

Iron

Protein

Thiamine, vitamins E,
Bs, B2

Vitamin E

Vitamin E, thiamine
Vitamin D, Ca?*, Mg?*
lodine, niacin

Vitamin E, niacin,
thiamine

Thiamine, vitamin B,

examination reveals a relative maintenance of subcutaneous
adipose tissue and a marked atrophy of muscle mass. Edema
varies from a minor pitting of the dorsum of the foot to gen-
eralized edema with involvement of the eyelids and scrotum.
The hair is sparse; is easily plucked; and appears dull brown,
red, or yellow-white. Nutritional repletion restores hair color,
leaving a band of hair with altered pigmentation followed by a
band with normal pigmentation (flag sign). Skin changes are
common and range from hyperpigmented hyperkeratosis to
an erythematous macular rash (pellagroid) on the trunk and
extremities. In the most severe form of kwashiorkor, a superfi-
cial desquamation occurs over pressure surfaces (“flaky paint”
rash). Angular cheilosis, atrophy of the filiform papillae of the
tongue, and monilial stomatitis are common. Enlarged parotid
glands and facial edema result in moon facies; apathy and dis-
interest in eating are typical of kwashiorkor. Examination of

the abdomen may reveal an enlarged, soft liver with an indef-
inite edge. Lymph node and tonsils are commonly atrophic.
Chest examination may reveal basilar rales. The abdomen is
distended, and bowel sounds tend to be hypoactive.

MIXED MARASMUS-KWASHIORKOR

These children often have concurrent wasting and edema in
addition to stunting. These children exhibit features of derma-
titis, neurologic abnormalities, and fatty liver.

TREATMENT OF MALNUTRITION

The basal metabolic rate and immediate nutrient needs decrease
in cases of malnutrition. When nutrients are provided, the
metabolic rate increases, stimulating anabolism and increasing
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nutrient requirements. The body of the malnourished child may
have compensated for micronutrient deficiencies with lower
metabolic and growth rates, and refeeding may unmask these
deficiencies. Nutritional rehabilitation should be initiated and
advanced slowly to minimize these complications. The initial
approach involves correction of dehydration and anti-infective
(bacteria, parasites) therapy if indicated. Oral rehydration is
recommended over intravenous fluid to avoid excessive fluid
and solute load and resultant heart or renal failure.

When nutritional rehabilitation is initiated, calories can
be safely started at 20% above the child’s recent intake. If no
estimate of the caloric intake is available, 50% to 75% of the
normal energy requirement is safe. High-calorie oral solutions
or ready-to-use therapeutic foods (a mixture of powdered
milk, peanuts, sugar, vitamins, and minerals) are frequently
used in developing countries. Nutritional rehabilitation can be
complicated by refeeding syndrome, which is characterized
by fluid retention, hypophosphatemia, hypomagnesemia, and
hypokalemia. Careful monitoring of laboratory values and
clinical status with severe malnutrition is essential.

When nutritional rehabilitation has begun, caloric intake
can be increased 10% to 20% per day, monitoring for elec-
trolyte imbalances, poor cardiac function, edema, or feeding
intolerance. If any of these occurs, further caloric increases
are not made until the child’s status stabilizes. Caloric intake
is increased until appropriate regrowth or catch-up growth is
initiated. Catch-up growth refers to gaining weight at greater
than 50th percentile for age and may require 150% or more of
the recommended calories for an age-matched, well-nourished
child. A general rule of thumb for infants and children up to
3 years of age is to provide 100 to 120 kcal/kg based on ideal
weight for height. Protein needs also are increased as anabolism
begins and are provided in proportion to the caloric intake.
Vitamin and mineral intake in excess of the daily recommended
intake is provided to account for the increased requirements;
this is frequently accomplished by giving an age-appropriate
daily multiple vitamin, with other individual micronutrient
supplements as warranted by history, physical examination,
or laboratory studies. Iron supplements are not recommended
during the acute rehabilitation phase, especially for children
with kwashiorkor, for whom ferritin levels are often high. Addi-
tional iron may pose an oxidative stress; iron supplementation
is associated with higher morbidity and mortality.

In most cases, cow’s milk-based formulas are tolerated and
provide an appropriate mix of nutrients. Other easily digested
foods, appropriate for the age, also may be introduced slowly.
If feeding intolerance occurs, lactose-free or semielemental
formulas should be considered.

COMPLICATIONS OF MALNUTRITION

Malnourished children are more susceptible to infection,
especially sepsis, pneumonia, and gastroenteritis. Hypoglyce-
mia is common after periods of severe fasting but may also be
a sign of sepsis. Hypothermia may signify infection or, with
bradycardia, may signify a decreased metabolic rate to con-
serve energy. Bradycardia and poor cardiac output predispose
the malnourished child to heart failure, which is exacerbated
by acute fluid or solute loads. Micronutrient deficiencies also
can complicate malnutrition. Vitamin A and zinc deficiencies
are common in the developing world and are an important
cause of altered immune response and increased morbidity

and mortality. Depending on the age at onset and the duration
of the malnutrition, malnourished children may have perma-
nent growth stunting (from malnutrition in utero, infancy, or
adolescence) and delayed development (from malnutrition in
infancy or adolescence). Environmental (social) deprivation
may interact with the effects of the malnutrition to impair fur-
ther development and cognitive function.

VITAMIN AND
MINERAL
DEFICIENCIES

Micronutrients include vitamins and trace elements. In
industrialized societies, frank clinical deficiencies are unusual
in healthy children, but they can and do occur in certain high-
risk circumstances. Risk factors include diets that are consis-
tently limited in variety, especially with the exclusion of entire
food groups, malabsorption syndromes, and conditions caus-
ing high physiologic requirements. Various common etiolo-
gies of vitamin and nutrient deficiency states are highlighted
in Table 31-1, and characteristics of vitamin deficiencies are
outlined in Table 31-2. Treatment is noted in Table 31-3.

WATER-SOLUBLE VITAMINS

Water-soluble vitamins are not stored in the body except for
vitamin B,,; intake therefore alters tissue levels. Absorption
from the diet is usually high, and the compounds exchange
readily between intracellular and extracellular fluids; excre-
tion is via the urine. Water-soluble vitamins typically function
as coenzymes in energy, protein, amino acid, and nucleic acid
metabolism; as cosubstrates in enzymatic reactions; and as
structural components.

Ascorbic Acid

> Decision-Making Algorithm
’ Available @ StudentConsult.com

Anemia

The principal forms of vitamin C are ascorbic acid and the oxi-
dized form, dehydroascorbic acid. Ascorbic acid accelerates
hydroxylation reactions in many biosynthetic reactions, includ-
ing hydroxylation of proline in the formation of collagen. The
needs of full-term infants for ascorbic acid and dehydroascorbic
acid are calculated by estimating the availability in human milk.

A deficiency of ascorbic acid results in the clinical manifes-
tations of scurvy. Infantile scurvy is manifested by irritabil-
ity, bone tenderness with swelling, and pseudoparalysis of the
legs. The disease may occur if infants are fed unsupplemented
cow’s milk in the first year of life or if the diet is devoid of fruits
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Table 31-1

ETIOLOGY
DIET
Vegans (strict)

Breastfed infant
Cow's milk—fed infant
Bulimia, anorexia nervosa

Parenteral alimentation

Alcoholism
MEDICAL PROBLEMS

Malabsorption syndromes
Cholestasis

MEDICATIONS
Sulfonamides

Phenytoin, phenobarbital
Mineral oil

Antibiotics

Isoniazid

Antacids

Digitalis

Penicillamine

SPECIFIC MECHANISMS

Transcobalamin Il or intrinsic
factor deficiency

Other digestive enzyme

Menkes kinky hair syndrome

Acrodermatitis enteropathica

Reduced exposure to direct
sunlight

Etiology of Vitamin and Nutrient

Deficiency States

DEFICIENCY

Protein, vitamins B, D, riboflavin,
iron

Vitamins K, D
Iron
Electrolytes, other deficiencies

Essential fatty acids, trace
elements

Calories, vitamin B, By, folate

Vitamins A, D, E, K, zinc, essential
fatty acids

Vitamins E, D, K, A, zinc, essential
fatty acids

Folate

Vitamins D, K, folate
Vitamins A, D, E, K
Vitamin K

Vitamin B,

Iron, phosphate, calcium
Magnesium, calcium

Vitamin B,

Vitamin By,

Carbohydrate, fat, protein
deficiencies

Copper
Zinc

Vitamin D

and vegetables. Subperiosteal hemorrhage, bleeding gums and
petechiae, hyperkeratosis of hair follicles, and a succession
of mental changes characterize the progression of the illness.
Anemia secondary to bleeding, decreased iron absorption, or
abnormal folate metabolism is also seen in chronic scurvy.
Treatment is noted in Table 31-3.

B Vitamins
@ Decision-Making Algorithms
¢ Available @ StudentConsult.com

Anemia
Neutropenia

The B vitamins thiamine, riboflavin, and niacin are routinely
added to enriched grain products; deficiencies in normal hosts

are rare in the United States. Levels from human milk reflect
maternal intake, and deficiency can develop in breastfed
infants of deficient mothers.

Thiamine

Vitamin B, functions as a coenzyme in biochemical reactions
related to carbohydrate metabolism, decarboxylation of a--ke-
toacids and pyruvate, and transketolase reactions of the pen-
tose pathway. Thiamine also is involved in the decarboxylation
of branched-chain amino acids. Thiamine is lost during milk
pasteurization and sterilization.

Thiamine deficiency occurs in alcoholics and has been
reported in adolescents who have undergone bariatric surgery for
severe obesity. Infantile beriberi occurs between 1 and 4 months
of age in breastfed infants whose mothers have a thiamine defi-
ciency (alcoholism), in infants with protein-calorie malnutrition,
in infants receiving unsupplemented hyperalimentation fluid,
and in infants receiving boiled milk. Acute wet beriberi with
cardiac symptoms and signs predominates in infantile beriberi.
Anorexia, apathy, vomiting, restlessness, and pallor progress to
dyspnea, cyanosis, and death from heart failure. Infants with
beriberi have a characteristic aphonic cry; they appear to be cry-
ing, but no sound is uttered. Other signs include peripheral neu-
ropathy and paresthesias. For treatment see Table 31-3.

Riboflavin

Vitamin B, is a constituent of two coenzymes, riboflavin
5’-phosphate and flavin-adenine dinucleotide, essential com-
ponents of glutathione reductase and xanthine oxidase, which
are involved in electron transport. A deficiency of riboflavin
affects glucose, fatty acid, and amino acid metabolism. Ribo-
flavin and its phosphate are decomposed by exposure to light
and by strong alkaline solutions.

Ariboflavinosis is characterized by an angular stomatitis;
glossitis; cheilosis; seborrheic dermatitis around the nose and
mouth; and eye changes that include reduced tearing, pho-
tophobia, corneal vascularization, and the formation of cat-
aracts. Subclinical riboflavin deficiencies have been found in
diabetic subjects, children in families with low socioeconomic
status, children with chronic cardiac disease, and infants
undergoing prolonged phototherapy for hyperbilirubinemia.

Niacin

Niacin consists of the compounds nicotinic acid and nicotin-
amide (niacinamide). Nicotinamide, the predominant form
of the vitamin, functions as a component of the coenzymes
nicotinamide adenine dinucleotide (NAD) and nicotinamide
adenine dinucleotide phosphate (NADP). Niacin is involved
in multiple metabolic processes, including fat synthesis, intra-
cellular respiratory metabolism, and glycolysis.

In determining the needs for niacin, the content of tryp-
tophan in the diet must be considered because tryptophan is
converted to niacin. Niacin is stable in foods and withstands
heating and prolonged storage. Approximately 70% of the total
niacin equivalents in human milk are derived from trypto-
phan. Pellagra, or niacin deficiency disease, is characterized
by weakness, lassitude, dermatitis, photosensitivity, inflam-
mation of mucous membranes, diarrhea, vomiting, dysphagia,
and, in severe cases, dementia.
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Table 31-2 | Characteristics of Vitamin Deficiencies

VITAMIN
WATER SOLUBLE
Thiamine (B4)

Riboflavin (B,)

Niacin (B3)

Pyridoxine (By)

Pantothenic acid

Biotin

BWZ

Folate

Ascorbic acid (C)

FAT SOLUBLE
A

PURPOSE

Coenzyme in ketoacid
decarboxylation (e.g.,
pyruvate — acetyl-CoA
transketolase reaction)

FAD coenzyme in
oxidation-reduction
reactions

NAD coenzyme in
oxidation-reduction
reactions

Cofactor in amino acid
metabolism

CoA in Krebs cycle

Cofactor in carboxylase
reactions of amino acids

Coenzyme for
5-methyltetrahydrofolate
formation; DNA synthesis

DNA synthesis

Reducing agent; collagen
metabolism

Epithelial cell integrity;
vision

Maintain serum calcium,
phosphorus levels

Antioxidant

Post-translation
carboxylation of clotting
factors Il, VII, IX, X and
proteins C, S

DEFICIENCY

Beriberi: polyneuropathy, calf
tenderness, heart failure, edema,
ophthalmoplegia

Anorexia, mucositis, anemia,
cheilosis, nasolabial seborrhea

Pellagra: photosensitivity,
dermatitis, dementia, diarrhea,
death

Seizures, hyperacusis, microcytic
anemia, nasolabial seborrhea,
neuropathy

None reported

Alopecia, dermatitis, hypotonia,

death

Megaloblastic anemia, peripheral
neuropathy, posterior lateral
spinal column disease, vitiligo

Megaloblastic anemia; neural
tube defects

Scurvy: irritability, purpura,
bleeding gums, periosteal
hemorrhage, aching bones

Night blindness, xerophthalmia,
Bitot spots, follicular
hyperkeratosis; immune defects

Rickets: reduced bone
mineralization

Hemolysis in preterm infants;
areflexia, ataxia, ophthalmoplegia

Prolonged prothrombin time;
hemorrhage; elevated protein
induced in vitamin K absence
(PIVKA)

COMMENTS

Inborn errors of lactate
metabolism; boiling milk
destroys B4

Photosensitizer

Tryptophan is a precursor

Dependency state:
deficiency secondary to
drugs

Bowel resection, inborn
error of metabolism,” and
ingestion of raw eggs

Vegans; fish tapeworm;
short gut syndrome;
transcobalamin or intrinsic
factor deficiencies

Goat milk deficient; drug
antagonists; heat inactivates

May improve tyrosine
metabolism in preterm
infants

Common with protein-
calorie malnutrition;
malabsorption

Prohormone of 25- and
1,25-vitamin D

May benefit patients with
G6PD deficiency

Malabsorption; breastfed
infants

SOURCE

Liver, meat, milk, cereals,
nuts, legumes

Milk, cheese, liver, meat,
eggs, whole grains, green
leafy vegetables

Meat, fish, liver, whole
grains, green leafy
vegetables

Meat, liver, whole grains,
peanuts, soybeans

Meat, vegetables

Yeast, meats; made by
intestinal flora

Meat, fish, cheese, eggs

Liver, greens, vegetables,
cereals, cheese

Citrus fruits, green
vegetables; cooking
destroys it

Liver, milk, eggs, green
and yellow vegetables,
fruits

Fortified milk, cheese,
liver; sunlight

Seeds, vegetables, germ
oils, grains

Liver, green vegetables;
made by intestinal flora

CoA, Coenzyme A; FAD, flavin adenine dinucleotide; G6PD, glucose-é-phosphate dehydrogenase; NAD, nicotinamide adenine dinucleotide.

*Biotinidase deficiency.

Vitamin B¢
Vitamin By refers to three naturally occurring pyridines:
pyridoxine (pyridoxol), pyridoxal, and pyridoxamine. The
phosphates of the latter two pyridines are metabolically and
functionally related and are converted in the liver to the coen-
zyme form, pyridoxal phosphate. The metabolic functions of
vitamin B¢ include interconversion reactions of amino acids,
conversion of tryptophan to niacin and serotonin, metabolic
reactions in the brain, carbohydrate metabolism, immune
development, and the biosynthesis of heme and prostaglan-
dins. The pyridoxal and pyridoxamine forms of the vitamin
are destroyed by heat; heat treatment was responsible for vita-
min Bg deficiency and seizures in infants fed improperly pro-
cessed formulas. Goat’s milk is deficient in vitamin By,
Dietary deprivation or malabsorption of vitamin By in chil-
dren results in hypochromic microcytic anemia, vomiting,

diarrhea, failure to thrive, listlessness, hyperirritability, and
seizures. Children receiving isoniazid or penicillamine may
require additional vitamin B4 because the drug binds to the
vitamin. Vitamin Bg is unusual as a water-soluble vitamin in
that very large doses (=500 mg/day) have been associated with
a sensory neuropathy.

Folate

Decision-Making Algorithms
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Anemia
Neutropenia
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Table 31-3 | Treatment of Vitamin Deficiencies

Vitamin A

Vitamin D

Vitamin E

Vitamin K

Folate, folic acid,
and folacin

Niacin

CLINICAL FEATURES

Severe deficiency with
xerophthalmia

Deficiency without
corneal changes

Deficiency

Malabsorption syndrome
(prophylaxis)

Cystic fibrosis
Measles

Liver disease
Malabsorption

Nutritional rickets and
osteomalacia

Renal disease and failure
Cystic fibrosis
Hypoparathyroidism

Vitamin D-dependent
rickets

Vitamin D-resistant
rickets

Premature infant,
neonates, infants of low
birth weight

Fat malabsorption and
liver disease

Cystic fibrosis

Sickle cell disease

B-Thalassemia

Hemorrhagic disease of
the newborn

Deficiency

Cystic fibrosis

Deficiency

Hemolytic anemia

Pellagra

SUGGESTED DOSES

Infants: 7,500-15,000 U/day IM, followed by oral 5000-10,000 U/day for 10 days.

Children 1-8 yr of age: oral 5,000-10,000 U/kg/day for 5 days or until recovery.

Children >8 yr of age and adults: oral 500,000 U/day for 3 days; then 50,000 U/day for 14 days;
then 10,000-20,000 U/day for 2 mo.

Infants <1 yr of age: 100,000 U/day orally, g4—6mo.

Children 1-8 yr of age: 200,000 U/day orally, g4—6mo.

Children >8 yr and adults: 100,000 U/day for 3 days, followed by 50,000 U/day for 10 days.

IM given only to those patients with malabsorption in whom oral dosing is not possible.
Infants: 7,500-15,000 U/day for 10 days.

Children 1-8 yr of age: 17,500-35,000 U/day for 10 days.

Children >8 yr of age and adults: 100,000 U/day for 3 days, then 50,000 U/day for 14 days.

Give follow-up oral multivitamin that contains vitamin A:
LBW infants: no dose established, children <8 years of age: 5,000-10,000 U/day, children >8 yr
of age and adults: 10,000-20,000 U daily.

Children >8 yr of age and adults: oral 10,000-50,000 U/day of water-miscible product.

1,500-10,000 U/day prophylaxis (CF Foundation).

WHO recommendations: single dose, repeating the dose next day and at 4 wk for children
with eye findings:

6 mo to 1 yr of age: 100,000 U; >1 yr of age: 200,000 U.

4,000-8,000 U/day ergocalciferol.

1000 U/day ergocalciferol

Ergocalciferol: children and adults with normal absorption: 1,000-5,000 U/day.
Children with malabsorption: 10,000-25,000 U/day.
Adults with malabsorption: 10,000-300,000 U/day.

Ergocalciferol: child: 4,000-40,000 U/day; adults: 20,000 U/day.
Ergocalciferol: 400-800 U/day PO (CF Foundation).

Children: 50,000-200,000 U/day ergocalciferol and calcium supplements.
Adults: 25,000-200,000 U/day ergocalciferol and calcium supplements.

Children: 3000-5000 U/day ergocalciferol; max: 60,000 U/day.
Adults: 10,000-60,000 U/day ergocalciferol.

Children: initial 40,000-80,000 U/day with phosphate supplements, daily dosage is increased at
3-to 4-mo intervals in 10,000-20,000 U increments.
Adults: 10,000-60,000 U/day with phosphate supplements.

p—a-tocopherol: 25-50 U/day for 1 wk orally.

10-25 U/kg/day of water-miscible vitamin E preparation.

<1 yr of age: 25-50 U/day; 1-2 years of age: 100 U/day; >2 yr of age: 100 U/day bid or 200 U
daily orally (CF Foundation).

450 U/day orally.
750 U/day orally.

Phytonadione: 0.5-1.0 mg SC or IM as prophylaxis within 1 hr of birth, may repeat 6-8 hours
later; 1-2 mg/day as treatment.

Infants and children: 2.5-5 mg/day orally, or 1-2 mg/dose SC, IM, IV as a single dose; adults:
5-25 mg/day or 10 mg IM, IV.

2.5 mg, twice a week (CF Foundation).

Infants: 50 pg daily.

Children 1-10 yr of age: 1 mg/day initially, then 0.1-0.4 mg/day as maintenance.
Children >11 yr of age and adults: 1 mg/day initially, then 0.5 mg/day as maintenance.
May require higher doses than those listed previously.

Children: 50-100 mg tid.

Adults: 50-100 mg/day, max 100 mg/day.

Continued
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Table 31-3 | Treatment of Vitamin Deficiencies—cont'd

Pyridoxine (Bg)

Riboflavin (B,)

Thiamine (B+)

Cyanocobalamin

CLINICAL FEATURES

Seizures

Drug-induced
deficiencies

Dietary deficiency

Beriberi: critically ill

Beriberi: not critically ill
Metabolic disease
Wernicke
encephalopathy

Nutritional deficiency

SUGGESTED DOSES
Neonates and infants: initial 50-100 mg/day orally, IM, IV, SC.
Children: 10-50 mg/day as treatment, 1-2 mg/kg/day as prophylaxis.
Adults: 100-200 mg/day as treatment, 25-100 mg/day as prophylaxis.
Children: 5-25 mg/day for 3 wk, then 1.5-2.5 mg/day in a multivitamin product.
Adults: 10-20 mg/day for 3 wk.
Children: 2.5-10 mg/day in divided doses.
Adults: 5-30 mg/day in divided doses.
Children: 10-25 mg/day IM or IV.

Adults: 5-30 mg/dose IM, IV tid, then 5-30 mg/day orally in a single or three divided doses for
1 mo.

Children: 10-50 mg/day orally for 2 wk, then 5-10 mg/day for 1 mo.
Adults: 10-20 mg/day orally.
Adults: initially 100 mg IV, then 50-100 mg/day IM/IV until eating a balanced diet.

Intranasal gel: 500 pg once a wk.

(B12) Orally: 25-250 pg/wk.

Anemia

Give IM or deep SC,; oral route not recommended because of poor absorption and IV route

not recommended because of more rapid elimination.

Pernicious anemia

If evidence of neurologic involvement in neonates and infants (congenital), 1,000 pg/day IM,

SC, for at least 2 wk, and then maintenance, 50-100 ug/mo or 100 pg/day for 6-7 days. If clinical
improvement, give 100 pg every other day for 7 doses, then every 3-4 days for 2-3 wk, followed
by 100 pg/mo for life. Administer with folic acid if needed (1 mg/day for 1 mo concomitantly).

Children: 30-50 pg/day for 2 or more wk (total dose of 1000 pg) IM, SC, then 100 ug/mo as

maintenance.

Adults: 100 ng/day for 6-7 days; if improvement, administer same dose on alternate days
for 7 doses, then every 3-4 days for 2-3 wk. Once hematologic values are normal, give
maintenance doses of 100 pg/mo parenterally.

Hematologic remission
Vitamin By, deficiency

No evidence of neurologic involvement: use intranasal gel: 500 pg per wk.
Children with neurologic signs: 100 pg/day for 10-15 days (total dose of 1-1.5 mg), then 1-2/wk

for several mo and taper to 60 pg/mo.
Children with hematologic signs: 10-50 pg/day for 5-10 days, followed by 100-250 pg/day

every 2-4 wk.

Adults: 30 pg/day for 5-10 days, followed by maintenance doses of 100-200 pg/mo.

Ascorbic acid Scurvy

Children: 100-300 mg/day in divided doses orally, IM, IV, or SC for several days.

Adults: 100-250 mg/day one to two times/day.

Data from Lexi-Comp Inc., Hudson, Ohio, 2004; table from Kronel S, Mascarenhas: Vitamin deficiencies and excesses. In Burg FD, Ingelfinger JR, Polin RA,
Gershon AA, editors: Current Pediatric Therapy, Philadelphia, 2006, Elsevier, Table 3, pp 104-105.
bid, Two times per day; CF, cystic fibrosis; IM, intramuscular; IV, intravenous; LBW, low birth weight; PO, by mouth; g, every; SC, subcutaneous; tid, three times per

day; WHO, World Health Organization.

A variety of chemical forms of folate are nutritionally active. Folate
functions in transport of single-carbon fragments in synthesis of
nucleic acids and for normal metabolism of certain amino acids
and in conversion of homocysteine to methionine. Food sources
include green leafy vegetables, oranges, and whole grains; folate
fortification of grains is now routine in the United States.

Folate deficiency, characterized by hypersegmented neu-
trophils, macrocytic anemia, and glossitis, may result from
a low dietary intake, malabsorption, or vitamin-drug inter-
actions. Deficiency can develop within a few weeks of birth
because infants require 10 times as much folate as adults rela-
tive to body weight but have scant stores of folate in the new-
born period. Folate is particularly heat labile. Heat-sterilizing
home-prepared formula can decrease the folate content by
half. Evaporated milk and goat’s milk are low in folate. Patients
with chronic hemolysis (sickle cell anemia, thalassemia) may
require extra folate to avoid deficiency because of the relatively

high requirement of the vitamin to support erythropoiesis.
Other conditions with risk of deficiency include pregnancy,
alcoholism, and treatment with anticonvulsants (phenyt-
oin) or antimetabolites (methotrexate). First occurrence and
recurrence of neural tube defects are reduced significantly
by maternal supplementation during embryogenesis. Because
closure of the neural tube occurs before usual recognition of
pregnancy, all women of reproductive age are recommended
to have a folate intake of at least 400 pg/day as prophylaxis.

Vitamin B4,

Decision-Making Algorithms
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Neutropenia



Vitamin B;, is one of the most complex of the vitamin
molecules, containing an atom of cobalt held in a corrin
ring (similar to that of iron in hemoglobin). The cobalt ion
is at the active center of the ring and serves as the site for
attachment of alkyl groups during their transfer. The vita-
min functions in single-carbon transfers and is intimately
related to folate function and interconversions. Vitamin B,
is essential for normal lipid and carbohydrate metabolism in
energy production and in protein biosynthesis and nucleic
acid synthesis.

In contrast to other water-soluble vitamins, absorption of
vitamin B, is complex, involving cleavage of the vitamin from
dietary protein and binding to a glycoprotein called intrinsic
factor, which is secreted by the gastric mucosa (parietal cells).
The cobalamin-intrinsic factor complex is efficiently absorbed
from the distal ileum.

As vitamin By, is absorbed into the portal circulation, it is
transported bound to a specific protein, transcobalamin II. Its
large stores in the liver also are unusual for a water-soluble
vitamin. Efficient enterohepatic circulation normally protects
from deficiency for months to years. Dietary sources of the
vitamin are animal products only. Strict vegetarians should
take a vitamin B, supplement.

Vitamin B,, deficiency in children is rare. Early diagnosis
and treatment of this disorder in childhood are important
because of the danger of irreversible neurologic damage.
Most cases in childhood result from a specific defect in
absorption (see Table 31-2). Such defects include congenital
pernicious anemia (absent intrinsic factor), juvenile perni-
cious anemia (autoimmune), and deficiency of transcobal-
amin II transport. Gastric or intestinal resection and small
bowel bacterial overgrowth also cause vitamin B, defi-
ciency. Exclusively breastfed infants ingest adequate vitamin
B,, unless the mother is a strict vegetarian without supple-
mentation.

Depression of serum vitamin B;, and the appearance of
hypersegmented neutrophils and macrocytosis (indistin-
guishable from folate deficiency) are early clinical mani-
festations of deficiency. Vitamin B,, deficiency also causes
neurologic manifestations, including depression, peripheral
neuropathy, posterior spinal column signs, dementia, and
eventual coma. The neurologic signs do not occur in folate
deficiency, but administration of folate may mask the hema-
tologic signs of vitamin B, deficiency, while the neurologic
manifestations progress. Patients with vitamin B, deficiency
also have increased urine levels of methylmalonic acid. Most
cases of vitamin B,, deficiency in infants and children are not
of dietary origin and require treatment throughout life. Main-
tenance therapy consists of repeated monthly intramuscular
injections, although a form of vitamin B, is administered
intranasally.

FAT-SOLUBLE VITAMINS

Fat-soluble vitamins generally have stores in the body, and
dietary deficiencies generally develop more slowly than for
water-soluble vitamins. Absorption of fat-soluble vitamins
depends on normal fat intake, digestion, and absorption. The
complexity of normal fat absorption and the potential for per-
turbation in many disease states explains the more common
occurrence of deficiencies of these vitamins.

Chapter 31 ¢ Vitamin and Mineral Deficiencies 101
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Hepatomegaly
Hypercalcemia

The basic constituent of the vitamin A group is retinol.
Ingested plant carotene or animal tissue retinol esters
release retinol after hydrolysis by pancreatic and intesti-
nal enzymes. Chylomicron-transported retinol esters are
stored in the liver as retinol palmitate. Retinol is transported
from the liver to target tissues by retinol-binding protein,
releasing free retinol to the target tissues. The kidney then
excretes the retinol-binding protein. Diseases of the kidney
diminish excretion of retinol-binding protein, whereas liver
parenchymal disease or malnutrition lowers the synthesis of
retinol-binding protein. Specific cellular binding proteins
facilitate the uptake of retinol by target tissues. In the eye, ret-
inol is metabolized to form rhodopsin; the action of light on
rhodopsin is the first step of the visual process. Retinol also
influences the growth and differentiation of epithelia. The
clinical manifestations of vitamin A deficiency in humans
appear as a group of ocular signs termed xerophthalmia.
The earliest symptom is night blindness, which is followed
by xerosis of the conjunctiva and cornea. Untreated, xeroph-
thalmia can result in ulceration, necrosis, keratomalacia,
and a permanent corneal scar. Clinical and subclinical vita-
min A deficiencies are associated with immunodeficiency;
increased risk of infection, especially measles; and increased
risk of mortality, especially in developing nations. Xeroph-
thalmia and vitamin A deficiency should be urgently treated.
Hypervitaminosis A also has serious sequelae, including
headaches, pseudotumor cerebri, hepatotoxicity, and terato-
genicity.

Vitamin E

Eight naturally occurring compounds have vitamin E activity.
The most active of these, a-tocopherol, accounts for 90% of
the vitamin E present in human tissues and is commercially
available as an acetate or succinate. Vitamin E acts as a biologic
antioxidant by inhibiting the peroxidation of polyunsaturated
fatty acids present in cell membranes. It scavenges free radicals
generated by the reduction of molecular oxygen and by the
action of oxidative enzymes.

Vitamin E deficiency occurs in children with fat malab-
sorption secondary to liver disease, untreated celiac disease,
cystic fibrosis, and abetalipoproteinemia. In these children,
without vitamin E supplementation, a syndrome of progres-
sive sensory and motor neuropathy develops; the first sign
of deficiency is loss of deep tendon reflexes. Deficient preterm
infants at 1 to 2 months of age have hemolytic anemia charac-
terized by an elevated reticulocyte count, an increased sensi-
tivity of the erythrocytes to hemolysis in hydrogen peroxide,
peripheral edema, and thrombocytosis. All the abnormali-
ties are corrected after oral, lipid, or water-soluble vitamin
E therapy.
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Vitamin D
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Hypertension
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Cholecalciferol (vitamin D;) is the mammalian form of vita-
min D and is produced by ultraviolet irradiation of inactive
precursors in the skin. Ergocalciferol (vitamin D,) is derived
from plants. Vitamin D, and vitamin D; require further
metabolism to become active. They are of equivalent potency.
Clothing, lack of sunlight exposure, and skin pigmentation
decrease generation of vitamin D in the epidermis and dermis.

Vitamin D (D, and D;) is metabolized in the liver to cal-
cidiol, or 25-hydroxyvitamin D (25-[OH]-D); this metabolite,
which has little intrinsic activity, is transported by a plas-
ma-binding globulin to the kidney, where it is converted to the
most active metabolite calcitriol, or 1,25-dihydroxyvitamin
D (1,25-[OH],-D). The action of 1,25-(OH),-D results in a
decrease in the concentration of messenger RNA (mRNA)
for collagen in bone and an increase in the concentration of
mRNA for vitamin D-dependent calcium-binding protein in
the intestine (directly mediating increased intestinal calcium
transport). The antirachitic action of vitamin D probably is
mediated by provision of appropriate concentrations of cal-
cium and phosphate in the extracellular space of bone and by
enhanced intestinal absorption of these minerals. Vitamin D
also may have a direct anabolic effect on bone. 1,25-(OH),-D
has direct feedback to the parathyroid gland and inhibits
secretion of parathyroid hormone.

Vitamin D deficiency appears as rickets in children and as
osteomalacia in postpubertal adolescents. Inadequate direct
sun exposure and vitamin D intake are sufficient causes, but
other factors, such as various drugs (phenobarbital, phenyt-
oin) and malabsorption, may increase the risk of development
of vitamin-deficiency rickets. Breastfed infants, especially
those with dark-pigmented skin, are at risk for vitamin D
deficiency.

The pathophysiology of rickets results from defective bone
growth, especially at the epiphyseal cartilage matrix, which
fails to mineralize. The uncalcified osteoid results in a wide,
irregular zone of poorly supported tissue, the rachitic metaph-
ysis. This soft, rather than hardened, zone produces many of
the skeletal deformities through compression and lateral bulg-
ing or flaring of the ends of bones.

The clinical manifestations of rickets are most common
during the first 2 years of life and may become evident only
after several months of a vitamin D-deficient diet. Crani-
otabes is caused by thinning of the outer table of the skull,
which when compressed feels like a Ping-Pong ball to the
touch. Enlargement of the costochondral junction (rachitic
rosary) and thickening of the wrists and ankles may be pal-
pated. The anterior fontanelle is enlarged, and its closure may
be delayed. In advanced rickets, scoliosis and exaggerated lor-
dosis may be present. Bowlegs or knock-knees may be evident
in older infants, and greenstick fractures may be observed in
long bones.

The diagnosis of rickets is based on a history of poor vita-
min D intake and little exposure to direct ultraviolet sunlight.
The serum calcium usually is normal but may be low; the

serum phosphorus level usually is reduced, and serum alka-
line phosphatase activity is elevated. When serum calcium
levels decline to less than 7.5 mg/dL, tetany may occur. Levels
of 24,25-(OH),-D are undetectable, and serum 1,25-(OH)2-D
levels are commonly less than 7 ng/mL, although 1,25-(OH),-D
levels also may be normal. The best measure of vitamin D sta-
tus is the level of 25-(OH)-D. Characteristic radiographic
changes of the distal ulna and radius include widening; concave
cupping; and frayed, poorly demarcated ends. The increased
space seen between the distal ends of the radius and ulna and
the metacarpal bones is the enlarged, nonossified metaphysis.

Breastfed infants born of mothers with adequate vitamin D
stores usually maintain adequate serum vitamin D levels for at
least 2 months, but rickets may develop subsequently if these
infants are not exposed to the sun or do not receive supple-
mentary vitamin D. The American Academy of Pediatrics rec-
ommends vitamin D supplementation of all breastfed infants
in the amount of 400 IU/day, started soon after birth and given
until the infant is taking more than 1000 mL/day of formula
or vitamin D-fortified milk (for age >1 year). Toxic effects of
excessive chronic vitamin D may include hypercalcemia, mus-
cle weakness, polyuria, and nephrocalcinosis.

Vitamin K

= Decision-Making Algorithm
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Bleeding

The plant form of vitamin K is phylloquinone, or vitamin K;.
Another form is menaquinone, or vitamin K,, one of a series
of compounds with unsaturated side chains synthesized by
intestinal bacteria. Plasma factors II (prothrombin), VII, IX,
and X in the cascade of blood coagulation factors depend on
vitamin K for synthesis and for post-translational conversion
of their precursor proteins. The post-translational conversion
of glutamyl residues to carboxyglutamic acid residues of a
prothrombin molecule creates effective calcium-binding sites,
making the protein active.

Other vitamin K-dependent proteins include proteins C,
S, and Z in plasma and y-carboxyglutamic acid-containing
proteins in several tissues. Bone contains a major vitamin K-
dependent protein, osteocalcin, and lesser amounts of other
glutamic acid-containing proteins.

Phylloquinone is absorbed from the intestine and trans-
ported by chylomicrons. The rarity of dietary vitamin K defi-
ciency in humans with normal intestinal function suggests
that the absorption of menaquinones is possible. Vitamin K
deficiency has been observed in subjects with impaired fat
absorption caused by obstructive jaundice, pancreatic insuffi-
ciency, and celiac disease; often these problems are combined
with the use of antibiotics that change intestinal flora.

Hemorrhagic disease of the newborn, a disease more com-
mon among breastfed infants, occurs in the first few weeks of
life. It is rare in infants who receive prophylactic intramuscu-
lar vitamin K on the first day of life. Hemorrhagic disease of
the newborn usually is marked by generalized ecchymoses,
gastrointestinal hemorrhage, or bleeding from a circumcision
or umbilical stump; intracranial hemorrhage can occur, but
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Table 31-4 | Characteristics of Trace Mineral Deficiencies

MINERAL FUNCTION MANIFESTATIONS OF DEFICIENCY
Iron Heme-containing Anemia, spoon nails, reduced muscle
macromolecules (e.g., and mental performance

hemoglobin, cytochrome,
and myoglobin)
Copper Redox reactions (e.g., Hypochromic anemia, neutropenia,
cytochrome oxidase) osteoporosis, hypotonia,
hypoproteinemia
Zinc Metalloenzymes (e.g., Acrodermatitis enteropathica: poor
alkaline phosphatase, growth, acro-orificial rash, alopecia,
carbonic anhydrase, DNA delayed sexual development,
polymerase); wound healing  hypogeusia, infection
Selenium  Antioxidant; glutathione Keshan cardiomyopathy in China
peroxidase
Chromium  Insulin cofactor Poor weight gain, glucose intolerance,
neuropathy
Fluoride Strengthening of dental Caries
enamel
lodine Thyroxine, triiodothyronine Simple endemic goiter

production

Myxedematous cretinism: congenital
hypothyroidism Neurologic cretinism:
mental retardation, deafness,

COMMENTS

History of pica, cow’s milk,
gastrointestinal bleeding

Inborn error, Menkes kinky hair
syndrome

Protein-calorie malnutrition;
weaning; malabsorption
syndromes

Endemic areas; long-term TPN
without Se

Protein-calorie malnutrition,
long-term
TPN without Cr

Supplementation during tooth
growth, narrow therapeutic
range, fluorosis may cause
staining of the teeth

Endemic in New Guinea, the
Congo; endemic in Great Lakes
area before use of iodized salt

SOURCES

Meat, liver, grains,
legumes

Liver, nuts, grains,
legumes, chocolate

Meat, grains,
legumes

Meat, vegetables

Yeast, breads

Seafood, fortified
water

Seafood, iodized salt

spasticity, normal thyroxine level at

birth

TPN, Total parenteral nutrition.

is uncommon. The American Academy of Pediatrics recom-
mends that parenteral vitamin K (0.5 to 1 mg) be given to all
newborns shortly after birth.

MINERALS

The major minerals are those that require intakes of more than
100 mg/day and contribute at least 0.1% of total body weight.
There are seven essential major minerals: calcium, phospho-
rus, magnesium, sodium, potassium, chloride, and sulfur. Ten
trace minerals, which constitute less than 0.1% of body weight,
have essential physiologic roles. Characteristics of trace min-
eral deficiencies are listed in Table 31-4.

Calcium

Decision-Making Algorithms
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Hypocalcemia
Hypercalcemia

Calcium is the most abundant major mineral. Ninety-nine
percent of calcium is in the skeleton; the remaining 1% is
in extracellular fluids, intracellular compartments, and cell
membranes. The nonskeletal calcium has a role in nerve con-
duction, muscle contraction, blood clotting, and membrane
permeability. There are two distinct bone calcium phosphate
pools—a large, crystalline form and a smaller, amorphous
phase. Bone calcium constantly turns over, with concurrent

bone reabsorption and formation. Approximately half of bone
mineral accretion occurs during adolescence. Bone mineral
density peaks in early adulthood and is influenced by prior
and concurrent dietary calcium intake, exercise, and hormone
status (testosterone, estrogen).

Calcium intake can come from a variety of sources, with
dairy products providing the most common and concentrated
source. The calcium equivalent of 1 cup of milk (about 300 mg
of calcium) is % cup of plain yogurt, 1.5 oz of cheddar cheese,
2 cups of ice cream, % cup of almonds, or 2.5 oz of sardines.
Other sources of calcium include some leafy green vegetables
(broccoli, kale, collards); lime-processed tortillas; calcium-
precipitated tofu; and calcium-fortified juices, cereals, and
breads.

There is no classic calcium deficiency syndrome because
blood and cell levels are closely regulated. The body can mobi-
lize skeletal calcium and increase the absorptive efficiency
of dietary calcium. Osteoporosis that occurs in childhood
is related to protein-calorie malnutrition, vitamin C defi-
ciency, steroid therapy, endocrine disorders, immobilization
and disuse, osteogenesis imperfecta, or calcium deficiency
(in premature infants). It is believed that the primary method
of prevention of postmenopausal osteoporosis is to ensure
maximum peak bone mass by providing optimal calcium
intake during childhood and adolescence. Bone mineral status
can be monitored by dual-energy x-ray absorptiometry.

No adverse effects are observed in adults with dietary cal-
cium intakes of 2.5 g/day. There is concern that higher intakes
may increase the risk of urinary stone formation, constipa-
tion, and decreased renal function and may inhibit intestinal
absorption of other minerals (iron, zinc).
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Iron

< Decision-Making Algorithms
¢ Available @ StudentConsult.com

Gastrointestinal Bleeding
Anemia
Failure to Thrive

Iron, the most abundant trace mineral, is used in the syn-
thesis of hemoglobin, myoglobin, and enzyme iron. Body
iron content is regulated primarily through modulation of
iron absorption, which depends on the state of body iron
stores, the form and amount of iron in foods, and the mix-
ture of foods in the diet. There are two categories of iron
in food. The first is heme iron, present in hemoglobin and
myoglobin, which is supplied by meat and rarely accounts
for more than one fourth of the iron ingested by infants.
The absorption of heme iron is relatively efficient and is not
influenced by other constituents of the diet. The second cat-
egory is nonheme iron, which represents the preponderance
of iron intake consumed by infants and exists in the form
of iron salts. The absorption of nonheme iron is influenced
by the composition of consumed foods. Enhancers of non-
heme iron absorption are ascorbic acid, meat, fish, and poul-
try. Inhibitors are bran, polyphenols (including the tannates
in tea), and phytic acid, a compound found in legumes and
whole grains. The percent intestinal absorption of the small
amount of iron in human milk is 10%; 4% is absorbed from
iron-fortified cow’s milk formula and from iron-fortified
infant dry cereals.

In a normal term infant, there is little change in total body
iron and little need for exogenous iron before 4 months of
age. Iron deficiency is rare in term infants during the first
4 months, unless there has been substantial blood loss (see
Chapter 62). After about 4 months of age, iron reserves
become marginal, and, unless exogenous sources of iron are
provided, the infant becomes progressively at risk for anemia
as the iron requirement to support erythropoiesis and growth
increases (see Chapter 150). Premature or low birth weight
infants have a lower amount of stored iron because significant
amounts of iron are transferred from the mother in the third
trimester. In addition, their postnatal iron needs are greater
because of rapid rates of growth and when frequent phle-
botomy occurs. Iron needs can be met by supplementation
(ferrous sulfate) or by iron-containing complementary foods.
Under normal circumstances, iron-fortified formula should
be the only alternative to breast milk in infants younger than
1 year of age. Premature infants fed human milk may develop
iron deficiency anemia earlier unless they receive iron supple-
ments. Formula-fed preterm infants should receive iron-for-
tified formula.

In older children, iron deficiency may result from inad-
equate iron intake with excessive cow’s milk intake or from
intake of foods with poor iron bioavailability. Iron deficiency
also can result from blood loss from such sources as menses or
gastric ulceration. Iron deficiency affects many tissues (muscle
and central nervous system) in addition to producing anemia.
Iron deficiency and anemia have been associated with leth-
argy and decreased work capacity and impaired neurocog-
nitive development, the deficits of which may be irreversible
when onset is in the first 2 years of life.

The diagnosis of iron deficiency anemia is established by
the presence of a microcytic hypochromic anemia, low serum
ferritin levels, low serum iron levels, reduced transferrin sat-
uration, normal to elevated red blood cell width distribution,
and enhanced iron-binding capacity. The mean corpuscular
volume and red blood cell indices are reduced, and the retic-
ulocyte count is low. Iron deficiency may be present without
anemia. Clinical manifestations are noted in Table 31-4.

Treatment of iron deficiency anemia includes changes in
the diet to provide adequate iron and the administration of 2
to 6 mg iron/kg/24 hr (as ferrous sulfate) divided bid or tid.
Reticulocytosis is noted within 3 to 7 days of starting treat-
ment. Oral treatment should be continued for 5 months.
Rarely, intramuscular or intravenous iron therapy is needed if
oral iron cannot be given. Parenteral therapy carries the risk of
anaphylaxis and should be administered according to a strict
protocol, including a test dose.

Zinc

< Decision-Making Algorithms
¢ Available @ StudentConsult.com

Diarrhea
Vesicles and Bullae

Zinc is the second most abundant trace mineral and is import-
ant in protein metabolism and synthesis, in nucleic acid metab-
olism, and in stabilization of cell membranes. Zinc functions
as a cofactor for more than 200 enzymes and is essential to
numerous cellular metabolic functions. Adequate zinc status
is especially crucial during periods of growth and for tissue
proliferation (immune system, wound healing, skin and gas-
trointestinal tract integrity); physiologic functions for which
zinc is essential include normal growth, sexual maturation,
and immune function.

Dietary zinc is absorbed (20% to 40%) in the duodenum
and proximal small intestine. The best dietary sources of zinc
are animal products, including human milk, from which it
is readily absorbed. Whole grains and legumes also contain
moderate amounts of zinc, but phytic acid inhibits absorption
from these sources. On a global basis, poor bioavailability sec-
ondary to phytic acid is thought to be a more important factor
than low intake in the widespread occurrence of zinc defi-
ciency. Excretion of zinc occurs from the gastrointestinal tract.
In the presence of ongoing losses, such as in chronic diarrhea,
requirements can drastically increase.

Zinc deficiency dwarfism syndrome was first described
in a group of children in the Middle East with low levels of
zinc in their hair, poor appetite, diminished taste acuity, hypo-
gonadism, and short stature. Zinc supplementation reduces
morbidity and mortality from diarrhea and pneumonia and
enhances growth in developing countries. Mild to moderate
zinc deficiency is considered to be highly prevalent in devel-
oping countries, particularly in populations with high rates of
stunting. Mild zinc deficiency occurs in older breastfed infants
without adequate zinc intake from complementary foods or in
young children with poor total or bioavailable zinc intake in
the general diet. A high infectious burden also may increase
the risk of zinc deficiency in developing countries. Acute,
acquired severe zinc deficiency occurs in patients receiving
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total parenteral nutrition without zinc supplementation and in
premature infants fed human milk without fortification. Clin-
ical manifestations of mild zinc deficiency include anorexia,
growth faltering, and immune impairment. Moderately severe
manifestations include delayed sexual maturation, rough
skin, and hepatosplenomegaly. The signs of severe deficiency
include acral and periorificial erythematous, scaling dermati-
tis; growth and immune impairment; diarrhea; mood changes;
alopecia; night blindness; and photophobia.

Diagnosis of zinc deficiency is challenging. Plasma zinc
concentration is most commonly used, but levels are fre-
quently normal in conditions of mild deficiency; levels in
moderate to severe deficiency are typically less than 60 pg/
dL. Acute infection also can result in depression of circulat-
ing zinc levels. The standard for the diagnosis of deficiency
is response to a trial of supplementation, with outcomes such
as improved linear growth or weight gain, improved appetite,
and improved immune function. Because there is no pharma-
cologic effect of zinc on these functions, a positive response to
supplementation is considered evidence of a preexisting defi-
ciency. Clinically an empirical trial of zinc supplementation
(1 pg/kg/day) is a safe and reasonable approach in situations
in which deficiency is considered possible.

Acrodermatitis enteropathica is an autosomal recessive
disorder that begins within 2 to 4 weeks after infants have been
weaned from breast milk. It is characterized by an acute peri-
oral and perianal dermatitis, alopecia, and failure to thrive.
The disease is caused by severe zinc deficiency from a specific
defect of intestinal zinc absorption. Plasma zinc levels are
markedly reduced, and serum alkaline phosphatase activity
is low. Treatment is with high-dose oral zinc supplements. A
relatively uncommon condition associated with presentation
of severe zinc deficiency is due to a defect in the secretion of
zinc from the mammary gland, resulting in abnormally low
milk zinc concentrations. Breastfed infants, especially those
born prematurely, present with classic signs of zinc deficiency:
growth failure, diarrhea, and dermatitis. Because there is no
defect in the infants ability to absorb zinc, treatment con-
sists of supplementing the infant with zinc for the duration
of breastfeeding, which can be successfully continued. Sub-
sequent infants born to the mother will also need zinc sup-
plementation if breastfed. Zinc is relatively nontoxic. Excess
intake produces nausea, emesis, abdominal pain, headache,
vertigo, and seizures.

Fluoride

Dental enamel is strengthened when fluoride is substituted for
hydroxyl ions in the hydroxyapatite crystalline mineral matrix
of the enamel. The resulting fluoroapatite is more resistant to
chemical and physical damage. Fluoride is incorporated into
the enamel during the mineralization stages of tooth forma-
tion and by surface interaction after the tooth has erupted.
Fluoride is similarly incorporated into bone mineral and may
protect against osteoporosis later in life.

Because of concern about the risk of fluorosis, infants
should not receive fluoride supplements before 6 months of
age. Commercial formulas are made with defluoridated water
and contain small amounts of fluoride. The fluoride content
of human milk is low and is not influenced significantly by
maternal intake. Practitioners should evaluate all potential
fluoride sources and conduct a caries risk assessment before
prescribing fluoride supplementation.
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Chapter 32

MAINTENANCE FLUID
THERAPY

BODY COMPOSITION

Water is the most plentiful constituent of the human body.
Total body water (TBW) as a percentage of body weight
varies with age. The fetus has a high TBW, which gradually
decreases to about 75% of birth weight for a term infant. Pre-
mature infants have a higher TBW content than term infants.
During the first year of life, TBW decreases to about 60% of
body weight and basically remains at this level until puberty.
At puberty, the fat content of females increases more than
that of males, who acquire more muscle mass than females.
Because fat has low water content, and muscle has high water
content, by the end of puberty TBW in males remains at 60%,
but it decreases to 50% of body weight in females. During
dehydration, TBW decreases and is a smaller percentage of
body weight.

TBW has two main compartments: intracellular fluid
(ICF) and extracellular fluid (ECF). In the fetus and new-
born, the ECF volume is larger than the ICF volume. The
normal postnatal diuresis causes an immediate decrease in
the ECF volume. This decrease in ECF volume is followed by
continued expansion of the ICF volume because of cellular
growth. By 1 year of age, the ratio of the ICF volume to the
ECF volume approaches adult levels. The ECF volume is 20%
to 25% of body weight, and the ICF volume is 30% to 40% of
body weight (Fig. 32-1). With puberty, the increased muscle
mass of males results in a higher ICF volume than in females.

The ECF is divided further into plasma water and inter-
stitial fluid (see Fig. 32-1). Plasma water is about 5% of body
weight. The blood volume, given a hematocrit of 40%, is usu-
ally 8% of body weight, although it is higher in newborns and
young infants. The interstitial fluid, normally 15% of body
weight, can increase dramatically in diseases associated with
edema, such as heart failure, protein-losing enteropathy, liver
failure, and nephrotic syndrome.

The composition of solutes in the ICF and ECF is different.
Sodium and chloride are the dominant cation and anion in
the ECF. Potassium is the most abundant cation in the ICF,
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and proteins, organic anions, and phosphate are the most
plentiful anions in the ICE. The dissimilarity between the
anions in the ICF and the ECF is determined largely by the
presence of intracellular molecules that do not cross the cell
membrane, the barrier separating the ECF and the ICF. In
contrast, the difference in the distribution of cations—sodium
and potassium—is due to the activity of the Na*,K*-ATPase
pump, which extrudes sodium from cells in exchange for
potassium.

REGULATION OF INTRAVASCULAR

VOLUME AND OSMOLALITY

Proper cell functioning requires close regulation of plasma
osmolality and intravascular volume; these are controlled by
independent systems for water balance, which determines
osmolality, and sodium balance, which determines volume
status. Maintenance of a normal osmolality depends on con-
trol of water balance. Control of volume status depends on
regulation of sodium balance.

The plasma osmolality is tightly controlled between 285 and
295 mOsm/kg through regulation of water intake and urinary
water losses. A small increase in the plasma osmolality stimu-
lates thirst. Urinary water losses are regulated by the secretion
of antidiuretic hormone (ADH), which increases in response
to an increasing plasma osmolality. ADH, by stimulating
renal tubular reabsorption of water, decreases urinary water
losses. Control of osmolality is subordinate to maintenance of
an adequate intravascular volume. When significant volume
depletion is present, ADH secretion and thirst are stimulated,
regardless of the plasma osmolality.

Volume depletion and volume overload may cause signifi-
cant morbidity and mortality. Because sodium is the principal
extracellular cation and is restricted to the ECF, adequate body
sodium is necessary for maintenance of intravascular volume.
The kidney determines sodium balance because there is little
homeostatic control of sodium intake, although salt craving
occasionally occurs, typically in children with chronic renal
salt loss. The kidney regulates sodium balance by altering the
percentage of filtered sodium that is reabsorbed along the
nephron. The renin-angiotensin system is an important reg-
ulator of renal sodium reabsorption and excretion. The juxta-
glomerular apparatus produces renin in response to decreased
effective intravascular volume. Renin cleaves angiotensino-
gen, producing angiotensin I, which angiotensin-converting
enzyme converts into angiotensin II. The actions of angiotensin
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Figure 32-1 Compartments of total body water, expressed as per-
centage of body weight, in an older child or adult. (From Greenbaum
LA: Pathophysiology of body fluids and fluid therapy. In Kliegman RM,
Stanton, BF, St Geme JW, et al, editors: Nelson Textbook of Pediatrics,
19th ed. Philadelphia, 2011, Saunders, p 212.e1.)

IT include direct stimulation of the proximal tubule to increase
sodium reabsorption and stimulation of the adrenal gland to
increase aldosterone secretion, which increases sodium reab-
sorption in the distal nephron. In contrast, volume expansion
stimulates the synthesis of atrial natriuretic peptide, which
increases urinary sodium excretion.

MAINTENANCE FLUIDS
Maintenance intravenous (IV) fluids are used in children who
cannot be fed enterally. Along with maintenance fluids, children
may require concurrent replacement fluids if they have excessive
ongoing losses, such as may occur with drainage from a nasoga-
stric tube. In addition, if dehydration is present, the patient also
needs to receive deficit replacement (see Chapter 33).

Maintenance fluids are composed of a solution of water, glu-
cose, sodium, potassium, and chloride. This solution replaces
electrolyte losses from the urine and stool, as well as water
losses from the urine, stool, skin, and lungs. The glucose in
maintenance fluids provides approximately 20% of the normal
caloric needs of the patient. This percentage is enough to pre-
vent the development of starvation ketoacidosis and dimin-
ishes the protein degradation that would occur if the patient
received no calories.

Maintenance fluids do not provide adequate calories, pro-
tein, fat, minerals, or vitamins. Patients should not remain on

Table 32-1 | Body Weight Method for Calculating
Maintenance Fluid Volume and Rate

BODY
WEIGHT (KG) VOLUME PER DAY HOURLY RATE
0-10 100 mL/kg 4 ml/kg/h
11-20 1000 mL + 50 mL/kg 40 mL/h + 2 mL/kg/h x
for each 1 kg >10 kg (wt—10)
>20 1500 mL + 20 mL/kg 60 mL/h + 1 mL/kg/h x
for each 1 kg >20 kg (wt — 20)"

*The maximum total fluid per day is normally 2400 mL.
TThe maximum fluid rate is normally 100 mL/hr.

maintenance therapy indefinitely; parenteral nutrition (see
Chapter 34) should be used for children who cannot be fed
enterally for more than a few days.

Daily water losses are measurable (urine and stool) and not
measurable (insensible losses from the skin and lungs). Failure
to replace these losses leads to a thirsty child and, ultimately,
a dehydrated child. Table 32-1 provides a system for calculat-
ing 24-hour maintenance water needs based on the patient’s
weight. Sodium and potassium are given in maintenance flu-
ids to replace losses from urine and stool.

After calculation of water needs and electrolyte needs,
children typically receive either 5% dextrose (D5) in % nor-
mal saline (NS) plus 20 mEq/L of potassium chloride (KCl)
or D5 in % NS plus 20 mEq/L of KCI. Children weighing less
than 10 kg do best with the solution containing % NS (38.5
mEq/L) because of their high water needs per kilogram. In
contrast, larger children and adults may receive the solution
with % NS (77 mEq/L). These guidelines assume that there
is no disease process present that would require an adjust-
ment in either the volume or the electrolyte composition of
maintenance fluids. Children with renal insufficiency may
be hyperkalemic or unable to excrete potassium and may
not tolerate 20 mEq/L of KCI. In children with complicated
pathophysiologic derangements, it may be necessary to
adjust the electrolyte composition and rate of maintenance
fluids empirically based on electrolyte measurements and
assessment of fluid balance.

Chapter 33

DEHYDRATION AND
REPLACEMENT
THERAPY

REPLACEMENT THERAPY

There are three sources of normal water loss—the components
of maintenance water (see Chapter 32): urine (60%), insen-
sible losses from the skin and lungs (35%), and stool (5%)
(Table 33-1). Sweating is not insensible and, in contrast to
evaporative losses, sweat contains water and electrolytes.
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Table 33-1 | Components of Maintenance Water

Urine 60%
Insensible losses (skin and lungs) 35%
Stool 5%
Table 33-2 | Adjustments in Maintenance Water
CAUSES OF CAUSES OF
INCREASED WATER DECREASED WATER
SOURCE NEEDS NEEDS
Skin Radiant warmer Mist tent
Phototherapy Incubator (premature
Fever infants)
Sweat
Burns
Lungs Tachypnea Humidified ventilator
Tracheostomy Mist tent
Gastrointestinal  Diarrhea
Emesis

Nasogastric suction

Renal Polyuria Oliguria/anuria

Miscellaneous Surgical drain

Third space losses

Hypothyroidism

A variety of clinical situations modify normal maintenance
water balance (Table 33-2). Evaporative skin water losses can
be higher in neonates, especially premature infants who are
under radiant warmers or undergoing phototherapy. Burns
can result in massive losses of water and electrolytes (see
Chapter 44). Fever increases insensible losses. Tachypnea or a
tracheostomy increases evaporative losses from the lungs.

The gastrointestinal tract is potentially a source of con-
siderable water and electrolyte losses. A child who has large
amounts of gastrointestinal losses should have these losses
measured and replaced with an appropriate replacement
solution (Table 33-3).

Urine output is normally the largest cause of water loss. Dis-
eases such as renal failure and the syndrome of inappropriate
antidiuretic hormone (SIADH) can lead to a decrease in urine
volume. Maintenance fluids in a patient with oliguria or anu-
ria produce fluid overload. In contrast, other conditions pro-
duce an increase in urine volume; these include the polyuric
phase of acute tubular necrosis, diabetes mellitus, and diabe-
tes insipidus. When the urine output is excessive, the patient
must receive more than standard maintenance fluids to pre-
vent dehydration.

The approach to decreased or increased urine output is sim-
ilar (Table 33-4). Insensible losses are replaced by a solution
that is administered at a rate one third of the normal main-
tenance rate. Placing the anuric child on “insensibles” theo-
retically maintains an even fluid balance, with the caveat that
one third of maintenance fluid is only an estimate of insensible
losses. This rate may need to be adjusted based on monitoring
of the patient’s weight and hydration status. An oliguric child
needs to receive a urine replacement solution. Most children
with polyuria (except for children with diabetes mellitus [see
Chapter 171]) should be placed on insensible fluids plus urine
replacement.

Table 33-3 | Adjusting Fluid Therapy for
Gastrointestinal Losses

AVERAGE
COMPOSITION APPROACH TO REPLACEMENT
DIARRHEA REPLACEMENT OF ONGOING STOOL

LOSSES

Solution: 5% dextrose in ¥ normal saline
+ 20 mEg/L sodium bicarbonate +

20 mEg/L potassium chloride

Replace stool mL/mL every 1-6 hr

Sodium: 55 mEg/L

Potassium: 25 mEqg/L
Bicarbonate: 15 mEqg/L

GASTRIC FLUID REPLACEMENT OF ONGOING

GASTRIC LOSSES

Solution: normal saline + 10 mEg/L
potassium chloride
Replace output mL/mL every 1-6 hr

Sodium: 60 mEg/L

Potassium: 10 mEq/L
Chloride: 90 mEq/L

Table 33-4 | Adjusting Fluid Therapy for Altered Renal
Output

OLIGURIA/ANURIA POLYURIA

Place the patient on insensible  Place the patient on insensible
fluids (¥4 maintenance) fluids (¥4 maintenance)

Replace urine output mL/mL
with half normal saline

Measure urine electrolytes

Replace urine output mL/mL
with a solution that is based on
the measured urine electrolytes

Output from surgical drains and chest tubes, when signif-
icant, should be measured and replaced. Third space losses
manifest with edema and ascites and are due to a shift of fluid
from the intravascular space into the interstitial space. Third
space losses cannot be quantitated. Nonetheless, these losses
can be large and lead to intravascular volume depletion, despite
weight gain from edema or ascites. Replacement of third space
fluid is empirical but should be anticipated in patients who are
at risk, such as children who have burns or abdominal surgery.
Third space losses and chest tube output are isotonic and usu-
ally require replacement with an isotonic fluid, such as nor-
mal saline or Ringer’s lactate. Adjustments in the amount of
replacement fluid for third space losses are based on continu-
ing assessment of the patient’s intravascular volume status.

DEHYDRATION
Dehydration, most often due to gastroenteritis, is common in
children. The first step in caring for a dehydrated child is to
assess the degree of dehydration. The degree of dehydration
dictates the urgency of the situation and the volume of fluid
needed for rehydration. Table 33-5 summarizes the clinical
features that are present with varying degrees of dehydration.
A patient with mild dehydration has few clinical signs or
symptoms. The history may describe decreased intake but
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Table 33-5 | Assessment of Degree of Dehydration

MILD MODERATE SEVERE
Infant 5% 10% 15%
Adolescent 3% 6% 9%
Infants and young children  Thirsty, alert; restless Thirsty; restless or lethargic;  Drowsy; limp, cold, sweaty, cyanotic extremities; may
irritable be comatose
Older children Thirsty, alert Thirsty, alert (usually) Usually conscious (but at reduced level), apprehensive;
cold, sweaty, cyanotic extremities; wrinkled skin on
fingers and toes; muscle cramps
SIGNS AND SYMPTOMS
Tachycardia Absent Present Present
Palpable pulses Present Present (weak) Decreased
Blood pressure Normal Orthostatic hypotension Hypotension
Cutaneous perfusion Normal Normal Reduced and mottled
Skin turgor Normal Slight reduction Reduced
Fontanelle Normal Slightly depressed Sunken
Mucous membrane Moist Dry Very dry
Tears Present Present or absent Absent
Respirations Normal Deep, may be rapid Deep and rapid
Urine output Normal Oliguria Anuria and severe oliguria

Data from World Health Organization.

more often increased fluid losses. An infant with moderate
dehydration has demonstrable physical signs and symptoms.
The patient needs fairly prompt intervention. A patient with
severe dehydration is gravely ill. The decrease in blood pres-
sure indicates that vital organs may be receiving inadequate
perfusion (shock) (see Chapter 40). Such a patient should
receive immediate and aggressive intravenous (IV) therapy.
Clinical assessment of dehydration is only an estimate; the
patient must be continually re-evaluated during therapy. The
degree of dehydration is underestimated in hypernatremic
dehydration because the osmotically driven shift of water
from the intracellular space to the extracellular space helps to
preserve the intravascular volume.

Laboratory Evaluation
Serum blood urea nitrogen (BUN) and creatinine concentra-
tions are useful in assessing a child with dehydration. Volume
depletion without renal insufficiency may cause a dispropor-
tionate increase in the BUN, with little or no change in the cre-
atinine concentration. This is secondary to increased passive
reabsorption of urea in the proximal tubule caused by appro-
priate renal conservation of sodium and water. This increase
in the BUN may be absent or blunted in a child with poor
protein intake because urea production depends on protein
degradation. Conversely, the BUN may be disproportionately
increased in a child with increased urea production, as occurs
in a child with a gastrointestinal bleed or a child who is receiv-
ing glucocorticoids. A significant elevation of the creatinine
concentration suggests renal injury.

The urine specific gravity is usually elevated (=1.025) in
cases of significant dehydration but decreases after rehydration.

With dehydration, a urinalysis may show hyaline and granular
casts, a few white blood cells and red blood cells, and 30 to 100
mg/dL of proteinuria. These findings usually are not associated
with significant renal pathology, and they remit with therapy.
Hemoconcentration from dehydration causes an increase in
the hematocrit and hemoglobin.

Calculation of Fluid Deficit

A child with dehydration has lost water; there is usually a con-
current loss of sodium and potassium. The fluid deficit is the
percentage of dehydration multiplied by the patient’s weight
(for a 10-kg child, 10% of 10 kg =1 L deficit).

Approach to Dehydration
The child with dehydration requires acute intervention to
ensure that there is adequate tissue perfusion (see Chapter 40).
This resuscitation phase requires rapid restoration of the cir-
culating intravascular volume, which should be done with an
isotonic solution, such as normal saline (NS) or Ringer’s lac-
tate. Blood is an appropriate fluid choice for a child with acute
blood loss. The child is given a fluid bolus, usually 20 mL/kg
of the isotonic solution, over about 20 minutes. A child with
severe dehydration may require multiple fluid boluses and
may need to receive fluid at a faster rate. The initial resuscita-
tion and rehydration is complete when signs of intravascular
volume depletion resolve. The child typically becomes more
alert and has a lower heart rate, normal blood pressure, and
improved perfusion.

With adequate intravascular volume, it is now appropriate
to plan the fluid therapy for the next 24 hours (Table 33-6). To
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Table 33-6 | Fluid Management of Dehydration

Restore intravascular volume
Normal saline: 20 mL/kg over 20 minutes
Repeat as needed

Rapid volume repletion: 20 mL/kg normal saline (maximum = 1 L)
over 2 hours

Calculate 24-hour fluid needs: maintenance + deficit volume

Subtract isotonic fluid already administered from 24-hour fluid
needs

Administer remaining volume over 24 hours using D5 %2 normal
saline + 20 mEqg/L KCI

Replace ongoing losses as they occur

Table 33-7 | Monitoring Therapy

Vital signs

Pulse

Blood pressure
Intake and output

Fluid balance

Urine output and specific gravity
Physical examination

Weight

Clinical signs of depletion or overload

Electrolytes

ensure that the intravascular volume is restored, the patient
receives an additional 20 mL/kg bolus of isotonic fluid over
2 hours. The child’s total fluid needs are added together (main-
tenance + deficit). The volume of isotonic fluids the patient
has received as acute resuscitation is subtracted from this
total. The remaining fluid volume is then administered over
24 hours. Potassium usually is not included in the IV fluids
until the patient voids, unless significant hypokalemia is pres-
ent. Children with significant ongoing losses need to receive an
appropriate replacement solution.

Monitoring and Adjusting Therapy

< Decision-Making Algorithms
¢ Available @ StudentConsult.com

Hypernatremia
Hyponatremia

All calculations in fluid therapy are only approximations. Thus,
the patient needs to be monitored during treatment with therapy
modifications based on the clinical situation (Table 33-7).

Hyponatremic dehydration occurs in children who have
diarrhea and consume a hypotonic fluid (water or diluted for-
mula). Volume depletion stimulates secretion of antidiuretic
hormone, preventing the water excretion that should correct
the hyponatremia. Some patients develop symptoms, predom-
inantly neurologic, from the hyponatremia (see Chapter 35).
Most patients with hyponatremic dehydration do well with
the same general approach outlined in Table 33-6. Overly
rapid correction of hyponatremia (>12 mEq/L/24 hr) should
be avoided because of the remote risk of central pontine
myelinolysis.

Hypernatremic dehydration is usually a consequence
of an inability to take in fluid, because of a lack of access, a
poor thirst mechanism (neurologic impairment), intractable
emesis, or anorexia. The movement of water from the intra-
cellular space to the extracellular space during hypernatre-
mic dehydration partially protects the intravascular volume.
Urine output may be preserved longer, and there may be less
tachycardia. Children with hypernatremic dehydration are
often lethargic and irritable. Hypernatremia may cause fever,

hypertonicity, hyperreflexia, and seizures. More severe neu-
rologic symptoms may develop if cerebral bleeding or throm-
bosis occurs.

Overly rapid treatment of hypernatremic dehydration may
cause significant morbidity and mortality. Idiogenic osmoles
are generated within the brain during the development of
hypernatremia. Idiogenic osmoles increase the osmolality
within the cells of the brain, providing protection against
brain cell shrinkage secondary to movement of water out of
cells into the hypertonic extracellular fluid. These idiogenic
osmoles dissipate slowly during correction of hypernatremia.
With rapid lowering of the extracellular osmolality during
correction of hypernatremia, a new gradient may be created
that causes water movement from the extracellular space
into the cells of the brain, producing cerebral edema. Pos-
sible manifestations of the resultant cerebral edema include
altered mental status, seizures, and potentially lethal brain
herniation.

To minimize the risk of cerebral edema during correction
of hypernatremic dehydration, the serum sodium concentra-
tion should not decrease more than 12 mEq/L every 24 hours
(Figure 33-1). The deficits in severe hypernatremic dehydra-
tion may need to be corrected over 2 to 4 days. The choice and
rate of fluid are not nearly as important as vigilant monitor-
ing of the serum sodium concentration and adjustment of the
therapy based on the result (see Figure 33-1). Nonetheless, the
initial resuscitation-rehydration phase of therapy remains the
same as for other types of dehydration.

Oral Rehydration

Mild to moderate dehydration from diarrhea of any cause can
be treated effectively using a simple, oral rehydration solu-
tion (ORS) containing glucose and electrolytes (see Chapter
112). The ORS relies on the coupled transport of sodium and
glucose in the intestine. Oral rehydration therapy has signifi-
cantly reduced the morbidity and mortality from acute diar-
rhea but is underused in developed countries. It should be
attempted for most patients with mild to moderate diarrheal
dehydration. Oral rehydration therapy is less expensive than
IV therapy and has a lower complication rate. IV therapy
may still be required for patients with severe dehydration;
patients with uncontrollable vomiting; patients unable to
drink because of extreme fatigue, stupor, or coma; or patients
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Restore intravascular volume:
Normal saline: 20 mL/kg over 20 min
(repeat until intravascular volume restored)

|

Determine time for correction based on initial
sodium concentration

[Na] 145—-157 mEq/L: 24hr
[Na] 158—-170 mEqg/L: 48hr
[Na] 171-183 mEq/L: 72hr
[Na] 184-196 mEq/L: 84hr

|

Administer fluid at a constant rate over the
time for correction

Typical fluid: D5 1/2 normal saline (with 20
mEg/L KCI unless contraindicated)

Typical rate: 1.25-1.5 times maintenance

|

Follow serum sodium concentration and
adjust fluid based on clinical status and serum
sodium concentration

|

|

|

!

Signs of volume
depletion

Sodium decreases
too rapidly

Sodium decreases
too slowly

Replace excessive
ongoing losses as
they occur

|

|

|

Administer normal

Increase sodium
concentration of

saline (20 mL/kg) IV fluid or

decrease rate of IV
fluid

Decrease sodium
concentration of

1V fluid or increase
rate of IV fluid

Figure 33-1 Strategy for correcting hypernatremic dehydration.

with gastric or intestinal distention. Rapidly absorbed ondan-
setron may be used to treat vomiting, thus facilitating oral
rehydration.

As a guideline for oral rehydration, 50 mL/kg of the ORS
should be given within 4 hours to patients with mild dehydra-
tion, and 100 mL/kg should be given over 4 hours to patients
with moderate dehydration. Supplementary ORS is given to
replace ongoing losses from diarrhea or emesis. An addi-
tional 10 mL/kg of ORS is given for each stool. Fluid intake
should be decreased if the patient appears fully hydrated ear-
lier than expected or develops periorbital edema. After rehy-
dration, patients should resume their usual diet (breast milk,
formula).

When rehydration is complete, maintenance therapy should
be started, using 100 mL of ORS/kg in 24 hours until the diar-
rhea stops. Breastfeeding or formula feeding should be main-
tained and not delayed for more than 24 hours. Patients with
more severe diarrhea require continued supervision. The vol-
ume of ORS ingested should equal the volume of stool losses.
If stool volume cannot be measured, an intake of 10 to 15 mL
of ORS/kg/hr is appropriate.

Chapter 34

PARENTERAL
NUTRITION

Parenteral nutrition (PN) is necessary when enteral feeding is
inadequate to meet the nutritional needs of a patient. Enteral
nutrition is always preferred because it is more physiologic,
less expensive, and associated with fewer complications. Fewer
complications are expected if at least some nutrition can be
provided enterally.

INDICATIONS

A variety of clinical situations necessitate PN (Table 34-1).
Acute PN is frequently given in an intensive care unit when
there is poor tolerance of enteral feeds, potentially secondary
to a transient ileus; concerns regarding bowel ischemia; or the
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Table 34-1 | Indications for Parenteral Nutrition

ACUTE

Prematurity

Trauma

Burns

Bowel surgery

Multiorgan system failure
Bone marrow transplantation
Malignancy

CHRONIC

Short bowel

Intractable diarrhea syndromes
Intestinal pseudo-obstruction
Inflammatory bowel disease

Immunodeficiency

risk of aspiration pneumonia. Short bowel syndrome is the
most common indication for long-term PN; it may be caused
by a congenital gastrointestinal anomaly or acquired after nec-
rotizing enterocolitis (see Chapter 63). Some patients with a
chronic indication for PN eventually may be transitioned to
partial or full enteral feedings.

ACCESS FOR PARENTERAL NUTRITION

PN can be given via either a peripheral intravenous (IV) line
or a central venous line. Long-term PN should be given via a
central venous line (CVL). Acute PN may be given peripher-
ally, although a temporary CVL often is used. Most children
with cancer or receiving a bone marrow transplant have a
CVL. A peripherally inserted central catheter is an excellent
source of central access for acute PN because of the lower risk
for complications than with a standard CVL.

A peripheral IV line has two major limitations. First, it fre-
quently fails, necessitating interruption of PN and potentially
painful placement of a new line. Second, high-osmolality solu-
tions cause phlebitis of peripheral veins; this limits the dextrose
and amino acid content of peripheral PN. The dextrose content
of peripheral PN cannot be greater than 12%, with a lower limit
if the amino acid concentration is high. Lipid emulsion has a
low osmolality; therefore, it can be administered peripherally
via the same IV line as the dextrose and amino acid solution.
Patients can receive adequate nutrition via a peripheral IV line,
but the volume of PN needs to be higher than is necessary when
central access is available because of the limitations on dextrose
and amino acid concentration. This situation may be problem-
atic in patients who cannot tolerate larger fluid volumes.

COMPOSITION OF PARENTERAL

NUTRITION

PN can provide calories, amino acids, electrolytes, minerals,
essential fatty acids, vitamins, iron, and trace elements. The
calories in PN are from dextrose and fat. The amino acids
in PN are a potential source of calories, but they should be
used predominantly for protein synthesis. PN is given as two

separate solutions: a dextrose plus amino acid solution and a
20% lipid emulsion. The dextrose solution has all of the other
components of PN except for fat.

The dextrose concentration of peripheral PN is typically
10% to 12%, whereas central PN has a concentration of about
20%, although it may be increased to 25% to 30% in patients
who are fluid restricted. To avoid hyperglycemia, the dextrose
delivery is increased gradually when starting PN. Protein
delivery in PN is via amino acids in the dextrose solution. The
goal is 0.8 to 2 g protein/kg/24 hr for older children, 1.5 to 3 g/
kg/24 hr for full-term and older infants, and 2.5 to 3.5 g/kg/
24 hr for preterm infants.

The electrolyte and mineral composition of PN depends on
the age and the underlying illness. The 20% lipid emulsion pro-
vides essential fatty acids and calories. The lipid emulsion is
started at a rate of 0.5 to 1 g/kg/24 hr, gradually increasing the
rate so that the patient receives adequate calories; this typically
requires 2.5 to 3.5 g/kg/24 hr. The lipid emulsion usually pro-
vides 30% to 40% of the required calories; it should not exceed
60%. The serum triglyceride concentration is monitored as the
rate of lipid emulsion is increased, with reduction of the lipid
emulsion rate if significant hypertriglyceridemia develops.

COMPLICATIONS
There are many potential complications of PN. CVLs are asso-
ciated with complications during insertion (pneumothorax
or bleeding) and long-term issues (thrombosis). Catheter-
related sepsis, most commonly due to coagulase-negative
staphylococci, is common and, on occasion, necessitates
catheter removal. Other potential pathogens are Staphylo-
coccus aureus, gram-negative bacilli, and fungi. Electrolyte
abnormalities, nutritional deficiencies, hyperglycemia, and
complications from excessive protein intake (azotemia or
hyperammonemia) can be detected with careful monitoring.
The most concerning complication of long-term PN is
cholestatic liver disease, which can lead to cirrhosis and
liver failure. Current PN decreases the risk of liver disease by
including reduced amounts of hepatotoxic amino acids. The
best preventive strategy is early use of the gastrointestinal
tract, even if only trophic feeds are tolerated.

Chapter 35

SODIUM DISORDERS

The kidney regulates sodium balance and is the principal
site of sodium excretion. Sodium is unique among electro-
lytes because water balance, not sodium balance, usually
determines its concentration. When the sodium concentra-
tion increases, the resultant higher plasma osmolality causes
increased thirst and increased secretion of antidiuretic hor-
mone (ADH), which leads to renal conservation of water. Both
of these mechanisms increase the water content of the body,
and the sodium concentration returns to normal. During
hyponatremia, the fall in plasma osmolality decreases ADH
secretion, and consequent renal water excretion leads to an
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increase in the sodium concentration. Although water balance
usually is regulated by osmolality, volume depletion stimu-
lates thirst, ADH secretion, and renal conservation of water.
In fact, volume depletion takes precedence over osmolality;
volume depletion stimulates ADH secretion, even if a patient
has hyponatremia.

The excretion of sodium by the kidney is not determined by
the plasma osmolality. The patient’s effective plasma volume
regulates the amount of sodium in the urine through a vari-
ety of regulatory systems, including the renin-angiotensin-
aldosterone system. In hyponatremia or hypernatremia, the
underlying pathophysiology determines the urinary sodium
concentration, not the serum sodium concentration.

HYPONATREMIA

Decision-Making Algorithm
Available @ StudentConsult.com

Hyponatremia

Etiology

Different mechanisms can cause hyponatremia (Fig. 35-1).
Pseudohyponatremia is a laboratory artifact that is present
when the plasma contains high concentrations of protein or
lipid. It does not occur when a direct ion-selective electrode
determines the sodium concentration, a technique that is
increasingly used in clinical laboratories. In true hyponatre-
mia, the measured osmolality is low, whereas it is normal in
pseudohyponatremia. Hyperosmolality, resulting from man-
nitol infusion or hyperglycemia, causes a low serum sodium
concentration because water moves down its osmotic gradient

from the intracellular space into the extracellular space, dilut-
ing the sodium concentration. For every 100 mg/dL incre-
ment of the serum glucose, the serum sodium decreases by
1.6 mEq/L. Because the manifestations of hyponatremia are
due to the low plasma osmolality, patients with hyponatremia
caused by hyperosmolality do not have symptoms of hypona-
tremia and do not require correction of hyponatremia.

Classification of true hyponatremia is based on the patient’s
volume status (see Fig. 35-1). In hypovolemic hyponatre-
mia, the child has lost sodium from the body. Water balance
may be positive or negative, but there has been a higher net
sodium loss than water loss; this is often due to oral or intra-
venous (IV) water intake, with water retention by the kid-
neys to compensate for the intravascular volume depletion. If
the sodium loss is due to a nonrenal disease (e.g., diarrhea),
the urine sodium concentration is very low, as the kidneys
attempt to preserve the intravascular volume by conserving
sodium. In renal diseases, the urine sodium is inappropri-
ately elevated.

Patients with hyponatremia and no evidence of volume
overload or volume depletion have euvolemic hyponatre-
mia. These patients typically have an excess of total body
water and a slight decrease in total body sodium. Some of
these patients have an increase in weight, implying that they
are volume overloaded. Nevertheless, they usually appear
normal or have only subtle signs of fluid overload. In syn-
drome of inappropriate ADH (SIADH), there is secretion
of ADH that is not inhibited by either low serum osmolal-
ity or expanded intravascular volume. Retention of water
causes hyponatremia, and the expansion of the intravascu-
lar volume results in an increase in renal sodium excretion.
Hyponatremia in hospitalized patients is often due to SIADH
secondary to stress in the presence of hypotonic fluids.

Normal Osmolality /

Pseudohyponatremia

Hyperlipidemia

l

Hyperproteinemia

Hypovolemic Hyponatremia
*Nonrenal losses
(Urine Na* <10)
Gastrointestinal
(emesis, diarrhea)
Skin (sweating or burns)
Third space losses

l

SIADH

Hypothyroidism

*Renal losses
(Urine Na* >20)

Thiazide or loop diuretics
Osmotic diuresis
Postobstructive diuresis
Polyuric phase of ATN
Renal tubular damage
(e.g., obstructive uropathy)
Hypoaldosteronism

HYPONATREMIA

Low Osmolality

True Hyponatremia

Euvolemic Hyponatremia
Glucocorticoid deficiency

Water intoxication

\ High Osmolality

Hyperosmolality
Hyperglycemia

\ Mannitol

Hypervolemic Hyponatremia
eUrine Na* <10
Congestive heart failure
Cirrhosis
Nephrotic syndrome
Capillary leak
Hypoalbuminemia

*Urine Na* variable
Acute or chronic renal failure

Figure 35-1 Differential diagnosis of hyponatremia. Assessment of hyponatremia is a three-step process: (1) Determine if the osmolality is low;
if yes, the patient has true hyponatremia. (2) Evaluate the patient’s volume status. (3) Determine the urine sodium concentration to help narrow
the differential diagnosis. ATN, Acute tubular necrosis; SIADH, syndrome of inappropriate secretion of antidiuretic hormone.
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SIADH is also associated with pneumonia, mechanical ven-
tilation, meningitis, and other central nervous system disor-
ders (trauma). Ectopic (tumor) production of ADH is rare
in children. Infants can develop euvolemic hyponatremia as
a result of excessive water consumption or inappropriately
diluted formula.

In hypervolemic hyponatremia, there is an excess of total
body water and sodium, although the increase in water is
greater than the increase in sodium. In renal failure, there is
an inability to excrete sodium or water; the urine sodium may
be low or high, depending on the cause of the renal insuffi-
ciency. In other causes of hypervolemic hyponatremia, there
is a decrease in the effective blood volume because of either
third space fluid loss or poor cardiac output (see Chapter
145). In response to the low effective blood volume, ADH
causes renal water retention, and the kidneys also retain
sodium, leading to a low urine sodium concentration. The
patient’s serum sodium concentration decreases when water
intake exceeds sodium intake, and ADH prevents the normal
loss of excess water.

Clinical Manifestations

Hyponatremia causes a fall in the osmolality of the extra-
cellular space. Because the intracellular space then has a
higher osmolality, water moves from the extracellular space
to the intracellular space to maintain osmotic equilibrium.
The increase in intracellular water may cause cells to swell.
Brain cell swelling is responsible for most of the symptoms
of hyponatremia. Neurologic symptoms of hyponatremia
include anorexia, nausea, emesis, malaise, lethargy, confusion,
agitation, headache, seizures, coma, and decreased reflexes.
Patients may develop hypothermia and Cheyne-Stokes res-
pirations. Hyponatremia can cause muscle cramps and weak-
ness. Symptoms are more severe when hyponatremia develops
rapidly; chronic hyponatremia can be asymptomatic because
of a compensatory decrease in brain cell osmolality, which
limits cerebral swelling.

Treatment

Rapid correction of hyponatremia can produce central pon-
tine myelinolysis. Avoiding more than a 12-mEq/L increase
in the serum sodium every 24 hours is prudent, especially in
chronic hyponatremia. Treatment of hypovolemic hypona-
tremia requires administration of IV fluids with sodium to
provide maintenance requirements and deficit correction, as
well as to replace ongoing losses (see Chapter 33). For children
with STADH, water restriction is the cornerstone of therapy.
Children with hyponatremia secondary to hypothyroidism or
cortisol deficiency need specific hormone replacement. Acute
water intoxication rapidly self-corrects with transient restric-
tion of water intake, which is followed by introduction of a
normal diet. Treatment of hypervolemic hyponatremia centers
on restriction of water and sodium intake, but disease-spe-
cific measures, such as dialysis in renal failure, also may be
necessary.

Emergency treatment of symptomatic hyponatremia, such
as seizures, uses IV hypertonic saline to increase the serum
sodium concentration rapidly, which leads to a decrease in
brain edema. One milliliter per kilogram of 3% sodium chlo-
ride increases the serum sodium by approximately 1 mEq/L.

A child often improves after receiving 4 to 6 mL/kg of 3%
sodium chloride.

HYPERNATREMIA

= Decision-Making Algorithm
e Available @ StudentConsult.com

Hypernatremia

Etiology

There are three basic mechanisms of hypernatremia (Fig.
35-2). Sodium intoxication is frequently iatrogenic in a hos-
pital setting resulting from correction of metabolic acido-
sis with sodium bicarbonate. In hyperaldosteronism, there
is renal retention of sodium and resultant hypertension; the
hypernatremia is mild.

Hypernatremia resulting from water losses develops only
if the patient does not have access to water or cannot drink
adequately because of neurologic impairment, emesis, or
anorexia. Infants are at high risk because of their inability
to control their own water intake. Ineffective breastfeeding,
often in a primiparous mother, can cause severe hypernatre-
mic dehydration. High insensible losses of water are especially
common in premature infants; the losses increase further as a
result of radiant warmers or phototherapy for hyperbilirubin-
emia. Children with extrarenal causes of water loss have high
levels of ADH and very concentrated urine.

Children with diabetes insipidus have inappropriately
diluted urine. Hereditary nephrogenic diabetes insipidus
causes massive urinary water losses. Because it is most com-
monly an X-linked disorder due to a mutation in the gene for
the ADH receptor, it usually occurs in boys, who may have
episodes of severe hypernatremic dehydration and failure to
thrive. Acquired nephrogenic diabetes insipidus may be sec-
ondary to interstitial nephritis, sickle cell disease, hypercalce-
mia, hypokalemia, or medications (lithium or amphotericin).
If the defect is due to central diabetes insipidus, urine out-
put decreases and urine osmolality increases in response to
administration of an ADH analog. Central causes of ADH
deficiency include tumor, infarction, or trauma. There is no
response to an ADH analog in a child with nephrogenic dia-
betes insipidus.

Diarrhea results in sodium and water depletion. Most
children with gastroenteritis do not develop hypernatremia
because they drink enough hypotonic fluid to compensate at
least partially for stool water losses. Hypernatremia is most
likely in a child with diarrhea who has inadequate intake
because of emesis, lack of access to water, or anorexia. Some
renal diseases, including obstructive uropathy, renal dysplasia,
and juvenile nephronophthisis, can cause losses of sodium and
water, potentially producing hypernatremia if the patient con-
sumes insufficient water.

In situations with combined sodium and water deficits,
analysis of the urine differentiates renal and nonrenal etiol-
ogies. When the losses are extrarenal, the kidney responds
to volume depletion with low urine volume, a concentrated
urine, and sodium retention (urine sodium <10 mEq/L). With
renal causes, the urine volume is usually high, the urine is not
maximally concentrated, and the urine sodium may be inap-
propriately elevated.
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Excessive Sodium
Improperly mixed formula
Excess sodium bicarbonate
Ingestion of seawater

or sodium chloride
Intentional salt poisoning
Intravenous hypertonic saline
Hyperaldosteronism

Water Deficit

Phototherapy

/ HYPERNATREMIA \

*Low Urine Osmolality
Nephrogenic diabetes insipidus
Central diabetes insipidus

eHigh Urine Osmolality
Increased insensible losses
Premature infants
Radiant warmers

Inadequate intake
Ineffective breastfeeding
Child neglect or abuse
Adipsia (lack of thirst)

Water and Sodium Deficits
sLow Urine Output
(Urine maximally concentrated)
Gl losses
Diarrhea
Emesis/NG suction
Osmotic cathartics (lactulose)
Cutaneous losses
Burns
Excessive sweating

*High Urine Output
(Urine not maximally concentrated)

Osmotic diuretics (mannitol)
Diabetes mellitus
Chronic kidney disease
Polyuric phase of acute

tubular necrosis
Postobstructive diuresis

Figure 35-2 Differential diagnosis of hypernatremia by mechanism. GI, Gastrointestinal; NG, nasogastric.

Clinical Manifestations

Most children with hypernatremia are dehydrated and have
the typical signs and symptoms of dehydration (see Chapter
33). Children with hypernatremic dehydration tend to have
better preservation of intravascular volume owing to the shift
of water from the intracellular space to the extracellular space.
Hypernatremic infants potentially become more dehydrated
before seeking medical attention. Probably because of intra-
cellular water loss, the pinched abdominal skin of a dehy-
drated, hypernatremic infant has a doughy feel.

Hypernatremia, even without dehydration, causes central
nervous system symptoms that tend to parallel the degree
of sodium elevation and the acuity of the increase. Patients
are irritable, restless, weak, and lethargic. Some infants have
a high-pitched cry and hyperpnea. Alert patients are very
thirsty, although nausea may be present. Hypernatremia
causes fever, although many patients have an underlying pro-
cess that contributes to the fever.

Brain hemorrhage is the most devastating consequence
of hypernatremia. As the extracellular osmolality increases,
water moves out of brain cells, resulting in a decrease in brain
volume. This decrease in volume can result in tearing of intra-
cerebral veins and bridging blood vessels as the brain moves
away from the skull and the meninges. Patients may have sub-
arachnoid, subdural, and parenchymal hemorrhage. Seizures
and coma are possible sequelae of the hemorrhage.

Treatment

As hypernatremia develops, the brain generates idiogenic
osmoles to increase the intracellular osmolality and prevent
the loss of brain water. This mechanism is not instantaneous
and is most prominent when hypernatremia has developed
gradually. If the serum sodium concentration is lowered

rapidly, there is movement of water from the serum into the
brain cells to equalize the osmolality in the two compartments.
The resultant brain swelling manifests as seizures or coma.
Because of these dangers, corrected hypernatremia should be
treated gradually. The goal is to decrease the serum sodium by
less than 12 mEq/L every 24 hours (see Fig. 33-1). The most
important component of correcting moderate or severe hyper-
natremia is frequent monitoring of the serum sodium to allow
adjustment of fluid therapy and provide adequate correction
that is neither too slow nor too fast.

In a child with hypernatremic dehydration, as in any child
with dehydration, the first priority is restoration of intra-
vascular volume with isotonic fluid. Figure 33-1 outlines a
general approach for correcting hypernatremic dehydration
secondary to gastroenteritis. If the hypernatremia and dehy-
dration are secondary to water loss, as occurs with diabetes
insipidus, a more hypotonic IV fluid is appropriate. A child
with central diabetes insipidus should receive an ADH ana-
log to prevent further excessive water loss. A child with
nephrogenic diabetes insipidus requires a urine replacement
solution to offset ongoing water losses. Chronically, reduced
sodium intake, thiazide diuretics, and nonsteroidal anti-
inflammatory drugs can decrease water losses in nephro-
genic diabetes insipidus.

Acute, severe hypernatremia, usually secondary to sodium
administration, can be corrected more rapidly because idio-
genic osmoles have not had time to accumulate; this balances
the high morbidity and mortality from severe, acute hyper-
natremia with the dangers of overly rapid correction. When
hypernatremia is due to sodium intoxication, and the hyper-
natremia is severe, it may be impossible to administer enough
water to correct the hypernatremia rapidly without worsening
volume overload. Some patients require use of a loop diuretic
or dialysis.
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Chapter 36

POTASSIUM
DISORDERS

The kidneys are the principal regulator of potassium balance,
adjusting excretion based on intake. Factors affecting renal
potassium excretion include aldosterone, acid-base status,
serum potassium concentration, and renal function. The intra-
cellular potassium concentration is approximately 30 times the
extracellular potassium concentration. A variety of conditions
alter the distribution of potassium between the intracellular
and extracellular compartments, potentially causing either
hypokalemia or hyperkalemia. The plasma concentration does
not always reflect the total body potassium content.

HYPOKALEMIA

> Decision-Making Algorithm
¢ Available @ StudentConsult.com
Hypokalemia
Etiology

Hypokalemia is common in children, with most cases related
to gastroenteritis. Spurious hypokalemia occurs in patients
with leukemia and elevated white blood cell counts if plasma
for analysis is left at room temperature, permitting the white
blood cells to take up potassium from the plasma. There are
four basic mechanisms of hypokalemia (Table 36-1). Low
intake, nonrenal losses, and renal losses all are associated with
total body potassium depletion. With a transcellular shift,
total body potassium is normal unless there is concomitant
potassium depletion secondary to other factors.

The transcellular shift of potassium after initiation of insu-
lin therapy in children with diabetic ketoacidosis (see Chapter
171) can be dramatic. These patients have reduced total body
potassium because of urinary losses, but they often have a nor-
mal serum potassium level before insulin therapy from a trans-
cellular shift into the extracellular space secondary to insulin
deficiency and metabolic acidosis. Children receiving aggres-
sive doses of B-adrenergic agonists (albuterol) for asthma can
have hypokalemia resulting from the intracellular movement
of potassium. Poor intake is an unusual cause of hypokalemia,
unless also associated with significant weight loss (anorexia
nervosa).

Diarrhea has a high concentration of potassium, and the
resulting hypokalemia usually is associated with a metabolic
acidosis secondary to stool losses of bicarbonate. With eme-
sis or nasogastric suction, there is gastric loss of potassium,
but this is fairly minimal given the low potassium content of
gastric fluid (approximately 10 mEq/L). More important is the
gastric loss of hydrochloride, leading to a metabolic alkalosis
and a state of volume depletion. Metabolic alkalosis and vol-
ume depletion increase urinary losses of potassium.

Urinary potassium wasting may be accompanied by a met-
abolic acidosis (proximal or distal renal tubular acidosis) (see
Chapter 37). Loop and thiazide diuretics lead to hypokalemia

and a metabolic alkalosis. Bartter syndrome and Gitelman
syndrome are autosomal recessive disorders resulting from
defects in tubular transporters. Both disorders are associated
with hypokalemia and a metabolic alkalosis. Bartter syndrome
is usually associated with hypercalciuria, often with nephro-
calcinosis; children with Gitelman syndrome have low urinary
calcium losses, but hypomagnesemia secondary to urinary
losses.

In the presence of a high aldosterone level, there is urinary
loss of potassium, hypokalemia, and a metabolic alkalosis.
There also is renal retention of sodium, leading to hyperten-
sion. A variety of genetic and acquired disorders can cause
high aldosterone levels. Liddle syndrome, an autosomal dom-
inant disorder caused by constitutively active sodium chan-
nels, has the same clinical features as hyperaldosteronism, but
the serum aldosterone level is low.

Clinical Manifestations

The heart and skeletal muscle are especially vulnerable to
hypokalemia. Electrocardiographic (ECG) changes include
a flattened T wave, a depressed ST segment, and the appear-
ance of a U wave, which is located between the T wave (if still
visible) and P wave. Ventricular fibrillation and torsades de
pointes may occur, although usually only in the context of
underlying heart disease. Hypokalemia makes the heart espe-
cially susceptible to digitalis-induced arrhythmias.

The clinical consequences in skeletal muscle include mus-
cle weakness and cramps. Paralysis is a possible complication
(generally only at potassium levels <2.5 mEq/L). Paralysis
usually starts with the legs, followed by the arms. Respiratory
paralysis may require mechanical ventilation.

Some hypokalemic patients develop rhabdomyolysis, espe-
cially following exercise. Hypokalemia slows gastrointestinal
motility; potassium levels less than 2.5 mEq/L may cause an
ileus. Hypokalemia impairs bladder function, potentially
leading to urinary retention. Hypokalemia causes polyuria by
producing secondary nephrogenic diabetes insipidus. Chronic
hypokalemia may cause kidney damage, including interstitial
nephritis and renal cysts. In children, chronic hypokalemia, as
in Bartter syndrome, leads to poor growth.

Diagnosis

It is important to review the child’s diet, history of gastro-
intestinal losses, and medications. Emesis and diuretic use
can be surreptitious. The presence of hypertension suggests
excess mineralocorticoids. Concomitant electrolyte abnor-
malities are useful clues. The combination of hypokalemia
and metabolic acidosis is characteristic of diarrhea, distal
renal tubular acidosis, and proximal renal tubular acidosis.
A concurrent metabolic alkalosis is characteristic of gastric
losses, aldosterone excess, diuretics, Bartter syndrome, or
Gitelman syndrome.

Treatment

Factors that influence the therapy of hypokalemia include the
potassium level, clinical symptoms, renal function, presence
of transcellular shifts of potassium, ongoing losses, and the
patient’s ability to tolerate oral potassium. Severe, symptomatic
hypokalemia requires aggressive treatment. Supplementation
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Table 36-1 | Causes of Hypokalemia

Spurious
High white blood cell count
Transcellular shifts
Alkalemia
Insulin
B-Adrenergic agonists
Drugs/toxins (theophylline, barium, toluene)
Hypokalemic periodic paralysis
Refeeding syndrome
Decreased intake
Extrarenal losses
Diarrhea
Laxative abuse
Sweating
Renal losses
With metabolic acidosis
Distal RTA
Proximal RTA
Ureterosigmoidostomy
Diabetic ketoacidosis
Without specific acid-base disturbance
Tubular toxins (amphotericin, cisplatin, aminoglycosides)
Interstitial nephritis
Diuretic phase of acute tubular necrosis
Postobstructive diuresis
Hypomagnesemia

High urine anions (e.g., penicillin or penicillin derivatives)

With metabolic alkalosis

Low urine chloride
Emesis/nasogastric suction
Pyloric stenosis
Chloride-losing diarrhea
Cystic fibrosis
Low-chloride formula
Posthypercapnia
Previous loop or thiazide diuretic use

High urine chloride and normal blood pressure
Gitelman syndrome
Bartter syndrome
Loop and thiazide diuretics

High urine chloride and high blood pressure
Adrenal adenoma or hyperplasia
Glucocorticoid-remediable aldosteronism
Renovascular disease
Renin-secreting tumor
170-Hydroxylase deficiency
11B-Hydroxylase deficiency
Cushing syndrome
11B-Hydroxysteroid dehydrogenase deficiency
Licorice ingestion

Liddle syndrome

RTA, renal tubular acidosis.

is more cautious if renal function is decreased because of
the kidney’s limited ability to excrete excessive potassium.
The plasma potassium level does not always provide an accu-
rate estimation of the total body potassium deficit because
there may be shifts of potassium from the intracellular space
to the plasma. Clinically, this shift occurs most commonly
with metabolic acidosis and as a result of the insulin deficiency
of diabetic ketoacidosis; the plasma potassium underestimates
the degree of total body potassium depletion. When these
problems are corrected, potassium moves into the intracel-
lular space, and these patients require more potassium sup-
plementation to correct the hypokalemia. Patients who have
ongoing losses of potassium need correction of the deficit and
replacement of the ongoing losses.

Because of the risk of hyperkalemia, intravenous (IV)
potassium should be used cautiously. Oral potassium is safer
in nonurgent situations. The dose of IV potassium is 0.5 to
1 mEq/kg, usually given over 1 hour. The adult maximum
dose is 40 mEq. Conservative dosing is generally preferred.
For patients with excessive urinary losses, potassium-sparing
diuretics are effective. When hypokalemia, metabolic alkalo-
sis, and volume depletion are present, restoration of intravas-
cular volume decreases urinary potassium losses.

HYPERKALEMIA
@ Decision-Making Algorithm
¢ Available @ StudentConsult.com

Hyperkalemia

Etiology
Three basic mechanisms cause hyperkalemia (Table 36-2). In
the individual patient, the etiology is sometimes multifactorial.
Factitious hyperkalemia is usually due to hemolysis during
phlebotomy, but it can be the result of prolonged tourniquet
application or fist clenching, which causes local potassium
release from muscle. Falsely elevated serum potassium levels
can occur when serum levels are measured in patients with
markedly elevated white blood cell or platelet counts; a promptly
analyzed plasma sample usually provides an accurate result.
Because of the kidney’s ability to excrete potassium, it is
unusual for excessive intake, by itself, to cause hyperkalemia.
This mechanism can occur in a patient who is receiving large
quantities of IV or oral potassium for excessive losses that are
no longer present. Frequent or rapid blood transfusions can
increase the potassium level acutely secondary to the high
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Table 36-2 | Causes of Hyperkalemia

Spurious laboratory value
Hemolysis
Tissue ischemia during blood drawing
Thrombocytosis
Leukocytosis
Increased intake
IV or PO
Blood transfusions
Transcellular shifts
Acidemia
Rhabdomyolysis
Tumor lysis syndrome
Tissue necrosis
Hemolysis/hematomas/gastrointestinal bleeding
Succinylcholine
Digitalis intoxication
Fluoride intoxication
B-Adrenergic blockers
Exercise
Hyperosmolality
Insulin deficiency
Malignant hyperthermia
Hyperkalemic periodic paralysis
Decreased excretion
Renal failure

Primary adrenal disease

Acquired Addison disease
21-Hydroxylase deficiency
3B-Hydroxysteroid-dehydrogenase deficiency
Lipoid congenital adrenal hyperplasia
Adrenal hypoplasia congenita
Aldosterone synthase deficiency
Adrenoleukodystrophy
Hyporeninemic hypoaldosteronism
Urinary tract obstruction
Sickle cell disease
Kidney transplant
Lupus nephritis
Renal tubular disease
Pseudohypoaldosteronism type 1
Pseudohypoaldosteronism type 2
Urinary tract obstruction
Sickle cell disease
Kidney transplant
Medications
ACE inhibitors
Angiotensin Il blockers
Potassium-sparing diuretics
Cyclosporine
NSAIDs

Trimethoprim

ACE, Angiotensin-converting enzyme; IV, intravenous; NSAIDs, nonsteroidal anti-inflammatory drugs; PO, oral.

potassium content of stored blood. Increased intake may
precipitate hyperkalemia if there is an underlying defect in
potassium excretion.

The intracellular space has a high potassium concentration,
so a shift of potassium from the intracellular space to the
extracellular space can have a significant impact on the plasma
potassium. This shift occurs with acidosis, cell destruction
(rhabdomyolysis or tumor lysis syndrome), insulin deficiency,
medications (succinylcholine, B-blockers), malignant hyper-
thermia, and hyperkalemic periodic paralysis.

Hyperkalemia secondary to decreased excretion occurs with
renal insufficiency. Aldosterone deficiency or unresponsive-
ness to aldosterone causes hyperkalemia, often with associated
metabolic acidosis (see Chapter 37) and hyponatremia. A form
of congenital adrenal hyperplasia, 21-hydroxylase deficiencys,
is the most frequent cause of aldosterone deficiency in chil-
dren. Male infants typically present with hyperkalemia, met-
abolic acidosis, hyponatremia, and volume depletion. Female
infants with this disorder usually are diagnosed as newborns
because of ambiguous genitalia.

Renin, via angiotensin II, stimulates aldosterone produc-
tion. A deficiency in renin, resulting from kidney damage,
can lead to decreased aldosterone production. These patients
typically have hyperkalemia and a metabolic acidosis, without

hyponatremia. Some patients have impaired renal function,
partially accounting for the hyperkalemia, but the impairment
in potassium excretion is more extreme than expected for the
degree of renal insufficiency.

Children with pseudohypoaldosteronism type 1 have
hyperkalemia, metabolic acidosis, and salt wasting, leading
to hyponatremia and volume depletion; aldosterone levels
are elevated. In the autosomal recessive variant, there is a
defect in the renal sodium channel that is normally activated
by aldosterone. In the autosomal dominant form, patients
have a defect in the aldosterone receptor, and the disease is
milder, often remitting in adulthood. Pseudohypoaldostero-
nism type 2, also called Gordon syndrome, is an autosomal
dominant disorder characterized by hypertension secondary
to salt retention and impaired excretion of potassium and acid
leading to hyperkalemia and metabolic acidosis. The risk of
hyperkalemia secondary to medications that decrease renal
potassium excretion is greatest in patients with underlying
renal insufficiency.

Clinical Manifestations
The most import effects of hyperkalemia are due to the role of
potassium in membrane polarization. The cardiac conduction



Chapter 37 o Acid-Base Disorders 119

system is usually the dominant concern. ECG changes begin
with peaking of the T waves. As the potassium level increases,
an increased P-R interval, flattening of the P wave, and widen-
ing of the QRS complex occur; this eventually can progress to
ventricular fibrillation. Asystole also may occur. Some patients
have paresthesias, weakness, and tingling, but cardiac toxicity
usually precedes these clinical symptoms.

Diagnosis

The etiology of hyperkalemia is often readily apparent. Spuri-
ous hyperkalemia is common in children, so a repeat potas-
sium level is often appropriate. If there is a significant elevation
of the white blood cells or platelets, the repeat sample should
be from plasma that is evaluated promptly. The history initially
should focus on potassium intake, risk factors for transcellular
shifts of potassium, medications that cause hyperkalemia, and
the presence of signs of renal insufficiency, such as oliguria
or an abnormal urinalysis. Initial laboratory evaluation should
include serum creatinine and assessment of acid-base status.
Many causes of hyperkalemia, such as renal insufficiency and
aldosterone insufficiency or resistance, cause a metabolic aci-
dosis. Cell destruction, as seen in rhabdomyolysis or tumor
lysis syndrome, can cause concomitant hyperphosphatemia,
hyperuricemia, and an elevated serum lactate dehydrogenase.

Treatment

The plasma potassium level, the ECG, and the risk of the prob-
lem worsening determine the aggressiveness of the therapeu-
tic approach. A high serum potassium level with ECG changes
requires more vigorous treatment. An additional source of
concern is a patient with increasing plasma potassium despite
minimal intake. This situation can occur if there is cellular
release of potassium (tumor lysis syndrome), especially in the
setting of diminished excretion (renal failure).

The first action in a child with a concerning elevation of
plasma potassium is to stop all sources of additional potas-
sium (oral and IV). If the potassium level is greater than 6.5
mEq/L, an ECG should be obtained to help assess the urgency
of the situation. Therapy of hyperkalemia has two basic goals:
1. Prevent life-threatening arrhythmias.

2. Remove potassium from the body (Table 36-3).

Table 36-3 | Treatment of Hyperkalemia

Rapidly decrease the risk of life-threatening arrhythmias
Shift potassium intracellularly
Sodium bicarbonate administration (IV)
Insulin and glucose (V)
B-Agonist (albuterol via nebulizer)
Cardiac membrane stabilization
IV calcium
Remove potassium from the body
Loop diuretic (IV or PO)
Sodium polystyrene (PO or rectal)
Dialysis

IV, Intravenous; PO, oral.

Treatments that acutely prevent arrhythmias all work quickly
(within minutes), but do not remove potassium from the body.

Long-term management of hyperkalemia includes reduc-
ing intake via dietary changes and eliminating or reducing
medications that cause hyperkalemia. Some patients require
medications, such as sodium polystyrene sulfonate and loop
or thiazide diuretics, to increase potassium losses. The disor-
ders due to a deficiency in aldosterone respond to replacement
therapy with fludrocortisone, a mineralocorticoid.

Chapter 37

ACID-BASE
DISORDERS

Close regulation of pH is necessary for cellular enzymes
and other metabolic processes, which function optimally at
a normal pH (7.35 to 7.45). Chronic, mild derangements in
acid-base status may interfere with normal growth and devel-
opment, whereas acute, severe changes in pH can be fatal.
Control of acid-base balance depends on the kidneys, the
lungs, and intracellular and extracellular buffers.

The lungs and the kidneys maintain a normal acid-base
balance. Carbon dioxide (CO,) generated during normal
metabolism is a weak acid. The lungs prevent an increase in
the partial pressure of CO, (Pco,) in the blood by excreting
the CO,. Production of CO, varies depending on the body’s
metabolic needs. The rapid pulmonary response to changes in
CO, concentration occurs via central sensing of the Pco, and
a subsequent increase or decrease in ventilation to maintain a
normal Pco, (35 to 45 mm Hg).

The kidneys excrete endogenous acids. An adult normally
produces about 1 to 2 mEq/kg/day of hydrogen ions, whereas
a child produces 2 to 3 mEq/kg/day. The hydrogen ions from
endogenous acid production are neutralized by bicarbonate,
potentially causing the bicarbonate concentration to fall. The
kidneys regenerate this bicarbonate by secreting hydrogen
ions, maintaining the serum bicarbonate concentration in the
normal range (20 to 28 mEq/L).

CLINICAL ASSESSMENT OF ACID-BASE
DISORDERS

> Decision-Making Algorithms
e Available @ StudentConsult.com

Acidemia
Alkalemia

Acidemia is a pH below normal (<7.35), and alkalemia is a
pH above normal (>7.45). Acidosis is a pathologic process that
causes an increase in the hydrogen ion concentration, and alka-
losis is a pathologic process that causes a decrease in the hydro-
gen ion concentration. A simple acid-base disorder is a single
primary disturbance. During a simple metabolic disorder, there
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is respiratory compensation; the Pco, decreases during a meta-
bolic acidosis and increases during a metabolic alkalosis. With
metabolic acidosis, the decrease in the pH increases the venti-
latory drive, causing a decrease in the Pco,. The fall in the CO,
concentration leads to an increase in the pH. This appropriate
respiratory compensation for a metabolic process happens
quickly and is complete within 12 to 24 hours.

During a primary respiratory process, there is metabolic
compensation mediated by the kidneys. The kidneys respond
to a respiratory acidosis by increasing hydrogen ion excre-
tion, increasing bicarbonate generation, and raising the serum
bicarbonate concentration. The kidneys increase bicarbonate
excretion to compensate for a respiratory alkalosis; the serum
bicarbonate concentration decreases. In contrast to a rapid
respiratory compensation, it takes 3 to 4 days for the kidneys
to complete appropriate metabolic compensation. However,
there is a small and rapid compensatory change in the bicar-
bonate concentration during a primary respiratory process. The
expected appropriate metabolic compensation for a respiratory
disorder depends on whether the process is acute or chronic.

A mixed acid-base disorder is present when there is more
than one primary acid-base disturbance. An infant with bron-
chopulmonary dysplasia may have a respiratory acidosis from
chronic lung disease and a metabolic alkalosis from a diuretic
used to treat the chronic lung disease. Formulas are available
for calculating the appropriate metabolic or respiratory com-
pensation for the six primary simple acid-base disorders (Table
37-1). Appropriate compensation is expected in a simple dis-
order; it is not optional. If a patient does not have appropriate
compensation, a mixed acid-base disorder is present.

METABOLIC ACIDOSIS

< Decision-Making Algorithm
7 Available @ StudentConsult.com

Acidemia

Metabolic acidosis occurs frequently in hospitalized chil-
dren; diarrhea is the most common cause. For a patient with

Table 37-1 | Appropriate Compensation During Simple
Acid-Base Disorders

DISORDER

Metabolic acidosis

EXPECTED COMPENSATION®
Pco, = 1.5 x [HCO5] + 8 2

Metabolic alkalosis Pco, increases by 7 mm Hg for each

10-mEg/L increase in the serum [HCO37]

Respiratory acidosis

Acute [HCOgz] increases by 1 for each 10-mm Hg
increase in the Pco,
Chronic [HCOgz7] increases by 3.5 for each 10-mm

Hg increase in the Pco,

Respiratory alkalosis

Acute [HCO5] falls by 2 for each 10-mm Hg
decrease in the Pco,
Chronic [HCOz] falls by 4 for each 10-mm Hg

decrease in the Pco,

*[HCO5] is expressed in mEg/L.

an unknown medical problem, the presence of a metabolic
acidosis is often helpful diagnostically because it suggests a
relatively narrow differential diagnosis (Table 37-2).

Etiology

Diarrhea causes a loss of bicarbonate from the body. The
amount of bicarbonate lost in the stool depends on the volume
of diarrhea and the bicarbonate concentration of the stool,
which tends to increase with more severe diarrhea. Diarrhea
often causes volume depletion because of losses of sodium
and water, potentially exacerbating the acidosis by causing
hypoperfusion (shock) and a lactic acidosis. There are three
forms of renal tubular acidosis (RTA):

+ Distal (type I)

« Proximal (type II)

 Hyperkalemic (type IV)

In distal RTA, children may have accompanying hypoka-
lemia, hypercalciuria, nephrolithiasis, and nephrocalcinosis;
rickets is a less common finding. Failure to thrive, resulting
from chronic metabolic acidosis, is the most common present-
ing complaint. Autosomal dominant and autosomal recessive
forms of distal RTA exist. The autosomal dominant form is
relatively mild. Autosomal recessive distal RTA is more severe
and often associated with deafness secondary to a defect in
the gene for a H*-ATPase that is present in the kidney and the
inner ear. Distal RTA also may be secondary to medications or
congenital or acquired renal disease. Patients with distal RTA
cannot acidify their urine and have a urine pH greater than
5.5, despite a metabolic acidosis.

Proximal RTA is rarely present in isolation. In most patients,
proximal RTA is part of Fanconi syndrome, a generalized dys-
function of the proximal tubule. Along with renal wasting of
bicarbonate, Fanconi syndrome causes glycosuria, aminoacid-
uria, and excessive urinary losses of phosphate and uric acid.
The chronic hypophosphatemia is more clinically significant
because it ultimately leads to rickets in children. Rickets or
failure to thrive may be the presenting complaint. Fanconi
syndrome is rarely an isolated genetic disorder, with pediatric
cases usually secondary to an underlying genetic disorder, most
commonly cystinosis. Medications, such as ifosfamide or val-
proate, may cause Fanconi syndrome. The ability to acidify the
urine is intact in proximal RTA, and untreated patients have a
urine pH less than 5.5. However, bicarbonate therapy increases
bicarbonate losses in the urine, and the urine pH increases.

In hyperkalemic RTA, renal excretion of acid and potas-
sium is impaired because of either an absence of aldosterone

Table 37-2 | Causes of Metabolic Acidosis
NORMAL ANION GAP

Diarrhea

Renal tubular acidosis
Urinary tract diversions
Posthypocapnia
Ammonium chloride intake

INCREASED ANION GAP

Lactic acidosis (shock)

Ketoacidosis (diabetic, starvation, or alcoholic)

Kidney failure

Poisoning (e.g., ethylene glycol, methanol, or salicylates)
Inborn errors of metabolism
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or an inability of the kidney to respond to aldosterone. In
severe aldosterone deficiency, as occurs with congenital adre-
nal hyperplasia secondary to 21a-hydroxylase deficiency, the
hyperkalemia and metabolic acidosis are accompanied by
hyponatremia and volume depletion from renal salt wasting.
Incomplete aldosterone deficiency causes less severe electrolyte
disturbances; children may have isolated hyperkalemic RTA,
hyperkalemia without acidosis, or isolated hyponatremia.

Lactic acidosis most commonly occurs when inadequate
oxygen delivery to the tissues leads to anaerobic metabolism
and excess production of lactic acid. Lactic acidosis may be
secondary to shock, severe anemia, or hypoxemia. Inborn
errors of carbohydrate metabolism produce a severe lactic aci-
dosis (see Chapter 52). In diabetes mellitus, inadequate insulin
leads to hyperglycemia and diabetic ketoacidosis (see Chapter
171). Renal failure (see Chapter 165) causes a metabolic acido-
sis because the kidneys are unable to excrete the acid produced
by normal metabolism.

A variety of toxic ingestions cause a metabolic acidosis.
Acute salicylate intoxication occurs after a large overdose.
Chronic salicylate intoxication is possible because of the gradual
buildup of the drug. In addition to a metabolic acidosis, some
patients may have a respiratory alkalosis. Other symptoms of
salicylate intoxication include fever, seizures, lethargy, and
coma. Hyperventilation may be particularly marked. Tinnitus,
vertigo, and hearing impairment are more likely with chronic
salicylate intoxication. Ethylene glycol, a component of anti-
freeze, is converted in the liver to glyoxylic and oxalic acids,
causing a severe metabolic acidosis. Excessive oxalate excre-
tion causes calcium oxalate crystals to appear in the urine, and
calcium oxalate precipitation in the kidney tubules can cause
renal failure. The toxicity of methanol ingestion also depends
on liver metabolism; formic acid is the toxic end product that
causes the metabolic acidosis and other sequelae, which include
damage to the optic nerve and central nervous system.

There are many inborn errors of metabolism that may
cause a metabolic acidosis (see Section 10). The metabolic aci-
dosis may be due to excessive production of ketoacids, lactic
acid, or other organic anions. Some patients have accompa-
nying hyperammonemia. In most patients, acidosis occurs
only episodically during acute decompensations, which may
be precipitated by ingestion of specific dietary substrates (pro-
teins), the stress of a mild illness (fasting, catabolism), or poor
compliance with dietary or medical therapy.

Clinical Manifestations

The underlying disorder usually produces most of the signs and
symptoms in children with a mild or moderate metabolic acido-
sis. The clinical manifestations of the acidosis are related to the
degree of acidemia; patients with appropriate respiratory com-
pensation and less severe acidemia have fewer manifestations
than patients with a concomitant respiratory acidosis. At a serum
pH less than 7.20, there is impaired cardiac contractility and
an increased risk of arrhythmias, especially if underlying heart
disease or other predisposing electrolyte disorders are present.
With acidemia, there is a decrease in the cardiovascular response
to catecholamines, potentially exacerbating hypotension in chil-
dren with volume depletion or shock. Acidemia causes vaso-
constriction of the pulmonary vasculature, which is especially
problematic in neonates with primary pulmonary hyperten-
sion of the newborn (see Chapter 61). The normal respiratory

response to metabolic acidosis—compensatory hyperventila-
tion—may be subtle with mild metabolic acidosis, but it causes
discernible increased respiratory effort with worsening acide-
mia. Chronic metabolic acidosis causes failure to thrive.

Diagnosis

The plasma anion gap is useful for evaluating patients with
a metabolic acidosis. It divides patients into two diagnostic
groups: normal anion gap and increased anion gap. The fol-
lowing formula determines the anion gap:

Anion gap= [Na*] — [CI"] — [HCO; ]

A normal anion gap is 3 to 11. A decrease in the albumin
concentration of 1 g/dL decreases the anion gap by roughly 4
mEq/L. Similarly, albeit less commonly, an increase in unmea-
sured cations, such as calcium, potassium, or magnesium,
decreases the anion gap. Conversely, a decrease in unmeasured
cations is a rare cause of an increased anion gap. Because of
these variables, the broad range of a normal anion gap, and
other factors, the presence of a normal or increased anion gap
is not always reliable in differentiating the causes of a metabolic
acidosis, especially when the metabolic acidosis is mild. Some
patients have more than one explanation for their metabolic aci-
dosis, such as a child with diarrhea and lactic acidosis secondary
to hypoperfusion. The anion gap should not be interpreted in
dogmatic isolation; consideration of other laboratory abnor-
malities and the clinical history improves its diagnostic utility.

Treatment

The most effective therapeutic approach for patients with a
metabolic acidosis is correction of the underlying disorder,
if possible. The administration of insulin in diabetic ketoac-
idosis or restoration of adequate perfusion in lactic acidosis
from shock eventually results in normalization of acid-base
balance. The use of bicarbonate therapy is indicated when the
underlying disorder is irreparable; examples include RTA and
chronic renal failure. In salicylate poisoning, alkali adminis-
tration increases renal clearance of salicylate and decreases
the amount of salicylate in brain cells. Short-term base ther-
apy is often necessary in other poisonings and inborn errors
of metabolism.

METABOLIC ALKALOSIS

Etiology

The causes of a metabolic alkalosis are divided into two catego-
ries based on the urinary chloride (Table 37-3). The alkalosis
in patients with a low urinary chloride is maintained by vol-
ume depletion. They are called chloride responsive because
volume repletion with fluid containing sodium chloride and
potassium chloride is necessary to correct the metabolic alka-
losis. Emesis, which causes loss of hydrochloride and volume
depletion, is the most common cause of a metabolic alkalosis.
Diuretic use increases chloride excretion in the urine. Con-
sequently, while a patient is receiving diuretics, the urinary
chloride is typically high (>20 mEq/L). After the diuretic effect
resolves, the urinary chloride is low (<15 mEq/L), because
of appropriate renal chloride retention in response to vol-
ume depletion. Categorization of diuretics based on urinary



122 Section 7 ¢ Fluids and Electrolytes

chloride depends on the timing of the measurement. The met-
abolic alkalosis from diuretics is clearly chloride responsive; it
corrects only after adequate volume repletion. This is the ratio-
nale for including it among the chloride-responsive causes of
a metabolic alkalosis.

The chloride-resistant causes of metabolic alkalosis can be
subdivided based on blood pressure. Patients with the rare dis-
orders that cause a metabolic alkalosis and hypertension either
have increased aldosterone or act as if they have increased
aldosterone. Patients with Bartter syndrome or Gitelman syn-
drome (Chapter 36) have metabolic alkalosis, hypokalemia,
and normal blood pressure secondary to renal tubular defects
that cause continuous urinary losses of chloride.

Clinical Manifestations

The symptoms in patients with a metabolic alkalosis often are
related to the underlying disease and associated electrolyte
disturbances. Hypokalemia is often present, and occasion-
ally severe, in the diseases that cause a metabolic alkalosis
(see Chapter 36). Children with chloride-responsive causes
of metabolic alkalosis often have symptoms related to vol-
ume depletion (see Chapter 33). In contrast, children with
chloride-unresponsive causes may have symptoms related
to hypertension. Severe alkalemia may cause arrhythmias,
hypoxia secondary to hypoventilation, or decreased cardiac
output.

Table 37-3 | Causes of Metabolic Alkalosis

CHLORIDE RESPONSIVE (URINARY CHLORIDE <15 Meg/L)
Gastric losses (emesis or nasogastric suction)

Pyloric stenosis

Diuretics (loop or thiazide)

Chloride-losing diarrhea

Chloride-deficient formula

Cystic fibrosis (sweat losses of chloride)

Posthypercapnia (chloride loss during respiratory acidosis)
CHLORIDE RESISTANT (URINARY CHLORIDE >20 Meg/L)
High Blood Pressure

Adrenal adenoma or hyperplasia
Glucocorticoid-remediable aldosteronism

Renovascular disease

Renin-secreting tumor

17a-Hydroxylase deficiency

11B-Hydroxylase deficiency

Cushing syndrome

11 B-Hydroxysteroid dehydrogenase deficiency

Licorice ingestion

Liddle syndrome

Normal Blood Pressure

Gitelman syndrome

Bartter syndrome

Base administration

Diagnosis

Measurement of the urinary chloride concentration is the most
helpful test in differentiating among the causes of a metabolic
alkalosis. The history usually suggests a diagnosis, although no
obvious explanation may be present in the patient with buli-
mia, surreptitious diuretic use, or an undiagnosed genetic dis-
order, such as Bartter syndrome or Gitelman syndrome.

Treatment

The approach to therapy of metabolic alkalosis depends on the
severity of the alkalosis and the underlying etiology. In children
with a mild metabolic alkalosis ([HCO;™] < 32 mEq/L), inter-
vention is often unnecessary. Patients with chloride-responsive
metabolic alkalosis respond to correction of hypokalemia and
volume repletion with sodium and potassium chloride, but
aggressive volume repletion may be contraindicated if mild
volume depletion is medically necessary in the child receiv-
ing diuretic therapy. In children with chloride-resistant causes
of a metabolic alkalosis that are associated with hypertension,
volume repletion is contraindicated because it exacerbates
the hypertension and does not repair the metabolic alkalosis.
Treatment focuses on eliminating or blocking the action of the
excess mineralocorticoid. In children with Bartter syndrome
or Gitelman syndrome, therapy includes oral potassium sup-
plementation and potassium-sparing diuretics.

RESPIRATORY ACID-BASE DISTURBANCES
During a respiratory acidosis, there is a decrease in the effec-
tiveness of CO, removal by the lungs. The causes of a respira-
tory acidosis are either pulmonary or nonpulmonary (Table
37-4). A respiratory alkalosis is an inappropriate reduction in
the blood CO, concentration. A variety of stimuli can increase
the ventilatory drive and cause a respiratory alkalosis (Table
37-5). Treatment of respiratory acid-base disorders focuses
on correction of the underlying disorder. Mechanical ventila-
tion may be necessary in a child with a refractory respiratory
acidosis.

Table 37-4 | Causes of Respiratory Acidosis

Central nervous system depression (encephalitis or narcotic
overdose)

Disorders of the spinal cord, peripheral nerves, or neuromuscular
junction (botulism or Guillain-Barré syndrome)

Respiratory muscle weakness (muscular dystrophy)
Pulmonary disease (pneumonia or asthma)

Upper airway disease (laryngospasm)

Table 37-5 | Causes of Respiratory Alkalosis

Hypoxemia or tissue hypoxia (carbon monoxide poisoning or
cyanotic heart disease)

Lung receptor stimulation (pneumonia or pulmonary embolism)
Central stimulation (anxiety or brain tumor)
Mechanical ventilation

Hyperammonemias
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K. Jane Lee

Chapter 38

ASSESSMENT AND
RESUSCITATION

INITIAL ASSESSMENT

Initial assessment (the ABCs—airway, breathing, and circu-
lation) of an acutely ill or injured child includes rapid iden-
tification of physiologic derangements in tissue perfusion
and oxygenation. Once identified, immediate resuscitation
must be implemented before pursuing the usual information
needed to develop a differential diagnosis. Initial resuscitation
measures are directed at achieving and maintaining adequate
tissue perfusion and oxygenation. Oxygen delivery depends
on cardiac output, hemoglobin concentration, and hemoglo-
bin-oxygen saturation. The last mentioned depends on air
movement, alveolar gas exchange, pulmonary blood flow, and
oxygen-hemoglobin binding characteristics.

HISTORY

In the resuscitation phase, access to historical information
may be limited. Characterization of the onset of symptoms,
details of events, and a brief identification of underlying med-
ical problems should be sought by members of the team not
actively involved in the resuscitation. Attempts at identifying
historical issues that affect the ABCs are useful but should
not delay intervention if tissue oxygenation and perfusion are
markedly impaired.

PHYSICAL EXAMINATION

Initial examination must focus rapidly on the ABCs (Table
38-1) to address the issues of oxygen delivery to tissues sys-
tematically. Airway patency is the first to be addressed, includ-
ing assessment of the neurologically injured child’s ability to
protect the airway. Protection of the cervical spine also should
be initiated at this step in any child with traumatic injury or
who presents with altered mental status of uncertain etiology.
Assessment of breathing includes auscultation of air move-
ment and application of a pulse oximeter (when available)
to identify current oxygenation status. Circulatory status is
assessed by palpation for distal and central pulses, focusing on
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the presence and quality of the pulses. Bounding pulses and a
wide pulse pressure are often the first sign of the vasodilatory
phase of shock and require immediate resuscitation measures.
Weak, thready, or absent pulses are indicators for fluid resusci-
tation, initiation of chest compressions, or both. When assess-
ment of the ABCs is complete and measures have been taken
to achieve an acceptable level of tissue oxygenation, a more
complete physical examination is performed. The sequence of
this examination depends on whether the situation involves
an acute medical illness or trauma. In trauma patients, the
examination follows the ABCDE pathway. D stands for dis-
ability and prompts assessment of the neurologic system and
evaluation for major traumatic injuries. E stands for expo-
sure; the child is disrobed and examined for evidence of any
life-threatening or limb-threatening problems. For the acutely
ill and the injured child, the subsequent physical examination
should identify evidence of organ dysfunction, starting with
areas suggested in the chief complaint and progressing to a
thorough and systematic investigation of the entire patient.

COMMON MANIFESTATIONS

The physiologic responses to acute illness and injury are mech-
anisms that attempt to correct inadequacies of tissue oxygen-
ation and perfusion. When initial changes, such as increasing
heart and respiratory rates, fail to meet the body’s needs, other
manifestations of impending cardiopulmonary failure occur
(Table 38-2). Respiratory failure, the most common cause of
acute deterioration in children, may result in inadequate tis-
sue oxygenation and in respiratory acidosis. Signs and symp-
toms of respiratory failure (tachypnea, tachycardia, increased
work of breathing, abnormal mentation) progress as tissue
oxygenation becomes more inadequate. Inadequate perfusion
(shock) leads to inadequate oxygen delivery and a resulting
metabolic acidosis. Shock is characterized by signs of inade-
quate tissue perfusion (pallor, cool skin, poor pulses, delayed
capillary refill, oliguria, and abnormal mentation). The pres-
ence of any of these symptoms demands careful assessment
and intervention to correct the abnormality and to prevent
further deterioration.

INITIAL DIAGNOSTIC EVALUATION

Screening Tests

During the initial phase of resuscitation, monitoring vital signs
and physiologic status is the key screening activity. Continuous
monitoring with attention to changes may indicate response to



Chapter 38 ¢ Assessment And Resuscitation 125

Table 38-1 | Rapid Cardiopulmonary Assessment

AIRWAY PATENCY

Able to be maintained independently
Maintainable with positioning, suctioning
Unmaintainable, requires assistance
BREATHING

Rate

Mechanics

® Retractions

e Grunting

e Use of accessory muscles

® Nasal flaring

Air movement

e Chest expansion

® Breath sounds

e Stridor

* Wheezing

e Paradoxical chest motion

Color

CIRCULATION

Heart rate

Peripheral and central pulses

® Present/absent

e Volume/strength

Skin perfusion

o Capillary refill time

e Skin temperature

e Color

* Mottling

Blood pressure

CENTRAL NERVOUS SYSTEM PERFUSION
Responsiveness (AVPU)

Recognition of parents or caregivers
Pupil size

Posturing

AVPU, Alert, responds to voice, responds to pain, unresponsive.

therapy or further deterioration requiring additional interven-
tion. During the initial rapid assessment, diagnostic evaluation
often is limited to pulse oximetry and bedside measurement of
glucose levels. The latter is important in any child with altered
mental status or at risk for inadequate glycogen stores (infants,
malnourished patients). After resuscitation measures, further
diagnostic tests and imaging are often necessary.

Diagnostic Tests and Imaging

The choice of appropriate diagnostic tests and imaging is
determined by the mechanism of disease and results of evalu-
ation after initial resuscitation. The initial evaluation of major

Table 38-2 | Warning Signs and Symptoms Suggesting
the Need for Resuscitation

SYSTEM SIGNS AND SYMPTOMS
Central nervous Lethargy, agitation, delirium, obtundation,
system confusion

Respiratory Apnea, grunting, nasal flaring, dyspnea,
retracting, tachypnea, poor air movement,

stridor, wheezing

Cardiovascular Arrhythmia, bradycardia, tachycardia, weak

pulses, poor capillary refill, hypotension

Skin and mucous
membranes

Mottling, pallor, cyanosis, diaphoresis, poor
membrane turgor, dry mucous membranes

*Action would seldom be taken if only one or two of these signs and symptoms
were present, but the occurrence of several in concert foreshadows grave
consequences. Intervention should be directed at the primary disorder.

trauma patients is focused on identifying evidence of hemor-
rhage and organ and tissue injury. For an acutely ill child with
respiratory distress, a chest x-ray is important. Appropriate
cultures should be obtained when sepsis is suspected. Chil-
dren with historical or physical evidence of inadequate intra-
vascular volume should have serum electrolyte levels obtained,
including bicarbonate, blood urea nitrogen, and creatinine.

RESUSCITATION

Resuscitation is focused on correcting identified abnormal-
ities of oxygenation and perfusion and preventing further
deterioration. Oxygen supplementation may improve oxygen
saturation but may not completely correct tissue oxygenation.
When oxygen supplementation is insufficient or air exchange
is inadequate, assisted ventilation must be initiated. Inade-
quate perfusion is usually best managed initially by providing
a fluid bolus. Isotonic crystalloids (normal saline, lactated
Ringer solution) are the initial fluid of choice. A bolus of
10 to 20 mL/kg should be delivered in monitored conditions.
Improvement, but not correction, after an initial bolus should
prompt repeated boluses until circulation has been re-estab-
lished. Because most children with shock have noncardiac
causes, fluid administration of this magnitude is well tolerated.
If hemorrhage is known or highly suspected, administration of
packed red blood cells is appropriate. Monitoring for deterio-
rating physiologic status during fluid resuscitation (increase
in heart rate, decrease in blood pressure) identifies children
who may have decreased cardiac function. Fluid resuscitation
increases preload, which may worsen pulmonary edema and
cardiac function. If deterioration occurs, fluid administration
should be interrupted, and resuscitation should be aimed at
improving cardiac function.

When respiratory support and fluid resuscitation are insuf-
ficient, introduction of vasoactive substances is the next
step. The choice of which agent to use depends on the type
of shock present. Hypovolemic shock (when further volume
is contraindicated) and distributive shock benefit from drugs
that increase systemic vascular resistance (drugs with a-
agonist activity, such as epinephrine or norepinephrine). The
treatment of cardiogenic shock is more complex. To improve
cardiac output by increasing the heart rate, drugs with pos-
itive chronotropy are used (epinephrine, norepinephrine,
and dopamine). Afterload reduction, using drugs such as
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dobutamine, nitroprusside, or milrinone, also may be needed.
Measuring mixed venous oxygen saturation, central venous
pressure, and regional oxygen saturations helps guide therapy.

CARDIOPULMONARY ARREST
The outcome of cardiopulmonary arrest in children is poor;
survival to hospital discharge is about 6% for out-of-hospital
arrest and about 27% for in-hospital arrest, with most survi-
vors having permanent neurologic disability. The ability to
anticipate or recognize pre-cardiopulmonary arrest condi-
tions and initiate prompt and appropriate therapy not only is
lifesaving, but also preserves the quality of life (see Table 38-2).
Children who need cardiopulmonary resuscitation (CPR)
usually have a primary respiratory arrest. Hypoxia usually ini-
tiates the cascade leading to arrest and also produces organ
dysfunction or damage (Table 38-3). The approach to cardio-
pulmonary arrest extends beyond CPR and includes efforts to
preserve vital organ function. The goal in resuscitating a pedi-
atric patient following a cardiopulmonary arrest should be to
optimize cardiac output and tissue oxygen delivery, which
may be accomplished by using artificial ventilation and chest
compression and by the judicious administration of pharma-
cologic agents.

Pediatric Advanced Life Support and CPR

In 2010 the American Heart Association revised the recom-
mendations for resuscitation for adults, children, and infants.
The biggest change is the recommendation to start chest com-
pressions immediately, rather than beginning with airway and
breathing.

Circulation

Chest compressions should be initiated if a pulse cannot be
palpated or if the heart rate is less than 60 beats/min with
signs of poor systemic perfusion. Chest compressions should
be performed immediately by one person while a second per-
son prepares to begin ventilation. Ventilation is extremely
important in pediatric arrests because of the high likelihood
of a primary respiratory cause; however, ventilation requires

Table 38-3 | Target Organs for Hypoxic-lschemic
Damage

ORGAN EFFECT

Brain Seizures, cerebral edema, infarction,
herniation, anoxic damage, SIADH, diabetes
insipidus

Cardiovascular Heart failure, myocardial infarct

Lung and pulmonary Acute respiratory distress syndrome,
vasculature pulmonary hypertension

Liver Infarction, necrosis, cholestasis

Kidney Acute tubular necrosis, acute cortical

necrosis

Gastrointestinal Gastric ulceration, mucosal damage

tract

Hematologic Disseminated intravascular coagulation

SIADH, Syndrome of inappropriate secretion of antidiuretic hormone.

equipment and is, therefore, sometimes delayed. For this rea-
son the recommendation is to start chest compressions first
while preparing for ventilation.

For optimal chest compressions, the child should be supine
on a flat, hard surface. Effective CPR requires a compression
depth of one third to one half of the anterior-posterior diam-
eter of the chest with complete recoil after each compression.
The compression rate should be at least 100/min with breaths
delivered 8 to 10 times per minute. If an advanced airway is
in place, compressions should not pause for ventilation; both
should continue simultaneously.

Airway

Ventilation requires a patent airway. In children, airway
patency often is compromised by a loss of muscle tone, allow-
ing the mandibular block of tissue, including the tongue, bony
mandible, and the soft surrounding tissues, to rest against the
posterior pharyngeal wall. The head tilt-chin lift maneuver
should be used to open the airway in children with no sign of
head or neck trauma. In children with signs of head or neck
trauma, the jaw thrust maneuver should be used.

Bag-mask ventilation can be as effective as, and possibly
safer than, endotracheal intubation for short periods of time
in an out-of-hospital setting. If skilled personnel and proper
equipment are available, pediatric patients requiring resusci-
tation should be endotracheally intubated. Before intubation,
the patient should be ventilated with 100% oxygen using a
bag and mask. Cricoid pressure should be used to minimize
inflation of the stomach. Many conscious patients may benefit
from the use of induction medications (sedatives, analgesics,
and paralytics) to assist intubation, but caution is necessary to
prevent further cardiovascular compromise from vasodilating
effects of many sedatives. The correct size of the tube may be
estimated according to the size of the child’s mid-fifth phalanx
or the following formula: 4 + (patient age in years/4).

When the endotracheal tube is in place, the adequacy of
ventilation and the position of the tube must be assessed. Use
of both clinical assessment and confirmatory devices is rec-
ommended. Clinical assessment may include looking for ade-
quate chest wall movement and auscultation of the chest to
detect bilateral and symmetric breath sounds. Confirmatory
devices such as end-tidal carbon dioxide (CO,) monitoring
devices are useful for validation of endotracheal placement,
but low levels of detected CO, may be seen secondary to
lack of pulmonary circulation. If the patient’s condition fails
to improve or deteriorates, consider the possibilities of tube
Displacement or Obstruction, Pneumothorax, or Equipment
failure (mnemonic DOPE).

Breathing

The major role of endotracheal intubation is to protect or
maintain the airway and ensure the delivery of adequate oxy-
gen to the patient. Because hypoxemia is the final common
pathway in pediatric cardiopulmonary arrests, providing
oxygen is more important than correcting the respiratory aci-
dosis. The clinician should deliver 100% oxygen at a rate of
8 to 10 breaths/min during CPR, or 12 to 20 breaths/min for a
patient who has a perfusing rhythm. Use only the tidal volume
necessary to produce visible chest rise. Care should be taken
not to hyperventilate the patient.
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Drugs

When mechanical means fail to re-establish adequate circu-
lation, pharmacologic intervention is essential (Table 38-4).
If intravascular access is not present or rapidly established,
administration through an intraosseous route is recom-
mended. Some drugs can also be administered effectively
through the endotracheal tube.

Epinephrine, a catecholamine with mixed a-agonist and
f-agonist properties, constitutes the mainstay of drug therapy
for CPR. The a-adrenergic effects are most important during
acute phases of resuscitation, causing an increase in systemic
vascular resistance that improves coronary blood flow. Stan-
dard dose therapy is recommended for the first and subsequent
boluses. There is no benefit offered by high-dose epinephrine.
Vasopressin, an endogenous hormone, causes constriction of
capillaries and small arterioles and may be useful. Insufficient
data support its routine use, but vasopressin may be consid-
ered in children failing standard medication administration.

The routine use of sodium bicarbonate is currently not
recommended. Sodium bicarbonate may be judiciously used
to treat toxidromes or hyperkalemic arrest; however, oxygen
delivery and elimination of CO, must be established first. Side
effects include hypernatremia, hyperosmolality, hypokalemia,
metabolic alkalosis (shifting the oxyhemoglobin curve to the
left and impairing tissue oxygen delivery), reduced ionized
calcium level, and impaired cardiac function.

Routine administration of calcium is not recommended. It
may be useful in cases of documented hypocalcemia, calcium
channel blocker overdose, hypermagnesemia, or hypokale-
mia, but is otherwise not beneficial and potentially harmful.

Hypoglycemia is not uncommon in infants and children
who sustain cardiac arrest. Blood glucose should be checked
and hypoglycemia should be promptly treated with glucose.

Prompt electrical defibrillation is indicated when ventric-
ular fibrillation or pulseless ventricular tachycardia is noted
(Table 38-5). CPR should continue until immediately before

defibrillation and resume immediately afterward, minimizing
interruptions in compressions. If a second attempt at defibril-
lation is necessary, it should be followed by a dose of epineph-
rine. Children failing two episodes of defibrillation may benefit
from administration of amiodarone. Defibrillation should be
distinguished from cardioversion of supraventricular tachy-
cardias, which also may compromise cardiac output. Cardio-
version requires a lower starting dose and synchronization of
the discharge to the electrocardiogram to prevent discharging
during a susceptible period, which may convert supraventric-
ular tachycardia to ventricular tachycardia or fibrillation.

Table 38-5 | Recommendations for Defibrillation
and Cardioversion in Children
DEFIBRILLATION

Place self-adhesive defibrillation pads or paddles with electrode

gel at the apex of the heart and the upper right side of the chest

* Use infant paddles or self-adhesive pads for children <10 kg;
adult size for children >10 kg

Notify all participating personnel before discharging paddles so
that no one is in contact with patient or bed

Begin with 2 J/kg; resume chest compressions immediately

If unsuccessful, increase to 4 J/kg and repeat

Higher energy levels may be considered, not to exceed 10 J/kg or
the adult maximum dose

CARDIOVERSION
Consider sedation if possible

For symptomatic supraventricular tachycardia” or ventricular
tachycardia with a pulse, synchronize signal with ECG

Choose paddles, position pads, and notify personnel as above
Begin with 0.5-1 J/kg

If unsuccessful, use 2 J/kg

ECG, Electrocardiogram.
*Consider adenosine first (see Table 38-4)

Table 38-4 | Drug Doses for Cardiopulmonary Resuscitation

DRUG

Adenosine

INDICATION

Supraventricular tachycardia

DOSE

0.1 mg/kg (maximum é mg);

second dose: 0.2 mg/kg (maximum 12 mg)

Pulseless VF/VT
Perfusing tachyarrhythmias

Amiodarone

5 mg/kg; may repeat twice up to 15 mg/kg; maximum single dose 300 mg
Dose as above but administer slowly over 20 to 60 minutes. Expert consultation

strongly recommended.

Atropine Supraventricular or junctional

bradycardia

Bicarbonate Hyperkalemia, some toxidromes

Calcium chloride  Hypocalcemia, calcium
channel blocker overdose,

hypermagnesemia, hyperkalemia

0.02 mg/kg (minimum dose 0.1 mg); up to 0.5 mg; higher doses needed in
organophosphate poisoning

1 mEg/kg bolus; ensure adequate ventilation; monitor ABGs; can repeat every 10 min

20 mg/kg; maximum single dose 2 g; administer slowly

0.01 mg/kg IV/IO; 0.1 mg/kg ET; may repeat every 3-5 minutes; may promote

Administer crystalloid in 20 mL/kg boluses titrated to patient’s physiologic needs
Newborns: 5-10 mL/kg 10% dextrose; infants and children: 2-4 mL/kg 25% dextrose;

adolescents: 1-2 mL/kg 50% dextrose

Epinephrine Hypotension, chronotropy,
inotropy arrhythmias
Fluid Hypovolemia, sepsis
Glucose Hypoglycemia
Lidocaine VT

1 mg/kg/bolus followed by 20-50 mcg/kg/min continuous infusion

Data from 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Part 14: Pediatric Advanced Life

Support, Circulation 122 [suppl 3]:5876-5908, 2010.

ABG, Arterial blood gas; ET, endotracheal; IO, intraosseous; 1V, intravenous; VF, ventricular fibrillation; VT, ventricular tachycardia.
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RESPIRATORY FAILURE

ETIOLOGY
Acute respiratory failure occurs when the pulmonary system
is unable to maintain adequate gas exchange to meet meta-
bolic demands. The resulting failure can be classified as hyper-
carbic (Paco, >50 mm Hg in previously healthy children),
hypoxemic (Pao, <60 mm Hg in previously healthy children
without an intracardiac shunt), or both. Hypoxemic respi-
ratory failure is frequently caused by ventilation-perfusion
mismatch (perfusion of lung that is not adequately ventilated)
and shunting (deoxygenated blood bypasses ventilated alve-
oli). Hypercarbic respiratory failure results from inadequate
alveolar ventilation secondary to decreased minute ventilation
(tidal volume X respiratory rate) or an increase in dead space
ventilation (ventilation of areas receiving no perfusion).
Respiratory failure may occur with acute lung injury (ALI) or
acute respiratory distress syndrome (ARDS). The definitions
of these are in the process of revision; however, currently ALI is
defined as having the following four clinical features: acute onset,
bilateral pulmonary edema, no clinical evidence of elevated left
atrial pressure, and a ratio of Pao, to Fio, < 300 mm Hg regardless
of the level of positive end-expiratory pressure (PEEP). ARDS
is a subset of ALI with more severe hypoxemia (Pao,/Fio, of <
200 mm Hg). These syndromes can be triggered by a variety of
insults, including sepsis, pneumonia, shock, burns, or traumatic
injury, all resulting in inflammation and increased vascular per-
meability leading to pulmonary edema. Numerous mediators of
inflammation (tumor necrosis factor, interferon-y, nuclear factor
«B, and adhesion molecules) may be involved in the develop-
ment of ARDS. Surfactant action also may be affected.

EPIDEMIOLOGY

Respiratory failure is frequently caused by bronchiolitis (often
caused by respiratory syncytial virus), asthma, pneumonia,
upper airway obstruction, and sepsis/ARDS. Respiratory fail-
ure requiring mechanical ventilation develops in 7% to 21% of
patients hospitalized for respiratory syncytial virus.

Asthma is increasing in prevalence and is the most com-
mon reason for unplanned hospital admissions in children 3 to
12 years of age in the United States. Environmental factors (expo-
sure to cigarette smoke) and prior disease characteristics (sever-
ity of asthma, exercise intolerance, delayed start of therapy, and
previous intensive care unit admissions) affect hospitalization
and near-fatal episodes. The mortality rate of asthma for children
younger than 19 years of age has increased by nearly 80% since
1980. Deaths are more common in African-American children.

Chronic respiratory failure (with acute exacerbations) is
often due to chronic lung disease (bronchopulmonary dyspla-
sia, cystic fibrosis), neurologic or neuromuscular abnormali-
ties, and congenital anomalies.

CLINICAL MANIFESTATIONS

Early signs of hypoxic respiratory failure include tachypnea
and tachycardia in attempt to improve minute ventilation and

cardiac output and to maintain delivery of oxygenated blood
to the tissues. Further progression of disease may result in
dyspnea, nasal flaring, grunting, use of accessory muscles of
respiration, and diaphoresis. Late signs of inadequate oxygen
delivery include cyanosis and altered mental status (initially
confusion and agitation). Signs and symptoms of hypercarbic
respiratory failure include attempts to increase minute ventila-
tion (tachypnea and increased depth of breathing) and altered
mental status (somnolence).

LABORATORY AND IMAGING STUDIES

A chest radiograph may show evidence of the etiology of
respiratory failure. The detection of atelectasis, hyperinfla-
tion, infiltrates, or pneumothoraces assists with ongoing
management. Diffuse infiltrates or pulmonary edema may
suggest ARDS. The chest radiograph may be normal when
upper airway obstruction or impaired respiratory controls
are the etiology. In patients presenting with stridor or other
evidence of upper airway obstruction, a lateral neck film
or computed tomography (CT) may delineate anatomic
defects. Direct visualization through flexible bronchos-
copy allows identification of dynamic abnormalities of the
anatomic airway. Helical CT helps diagnose a pulmonary
embolus.

Pulse oximetry allows noninvasive, continuous assessment
of oxygenation but is unable to provide information about ven-
tilation abnormalities. Determination of CO, levels requires
a blood gas measurement (arterial, venous, or capillary). An
arterial blood gas allows measurement of CO, levels and
analysis of the severity of oxygenation defect through calcula-
tion of an alveolar-arterial oxygen difference. A normal Pco,
in a patient who is hyperventilating should heighten concern
about the risk of further deterioration.

DIFFERENTIAL DIAGNOSIS

Hypoxic respiratory failure resulting from impairment of
alveolar-capillary function is seen in ARDS; cardiogenic pul-
monary edema; interstitial lung disease; aspiration pneumo-
nia; bronchiolitis; bacterial, fungal, or viral pneumonia; and
sepsis. It also can be due to intracardiac or intrapulmonary
shunting seen with atelectasis and embolism.

Hypercarbic respiratory failure can occur when the respi-
ratory center fails as a result of drug use (opioids, barbi-
turates, anesthetic agents), neurologic or neuromuscular
junction abnormalities (cervical spine trauma, demyelinat-
ing diseases, anterior horn cell disease, botulism), chest wall
injuries, or diseases that cause increased resistance to airflow
(croup, vocal cord paralysis, post-extubation edema). Main-
tenance of ventilation requires adequate function of the chest
wall and diaphragm. Disorders of the neuromuscular path-
ways, such as muscular dystrophy, myasthenia gravis, and
botulism, result in inadequate chest wall movement, devel-
opment of atelectasis, and respiratory failure. Scoliosis rarely
results in significant chest deformity that leads to restrictive
pulmonary function. Similar impairments of air exchange
may result from distention of the abdomen (postoperatively
or due to ascites, obstruction, or a mass) and thoracic trauma
(flail chest).

Mixed forms of respiratory failure are common and
occur when disease processes result in more than one
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pathophysiologic change. Increased secretions seen in
asthma often lead to atelectasis and hypoxia, whereas
restrictions of expiratory airflow may lead to hypercarbia.
Progression to respiratory failure results from peripheral
airway obstruction, extensive atelectasis, and resultant
hypoxemia and retention of CO,.

TREATMENT

Initial treatment of patients in respiratory distress includes
addressing the ABCs (see Chapter 38). Bag/mask ventilation
must be initiated for patients with apnea. In other patients,
oxygen therapy is administered using appropriate methods
(e.g., simple mask). Administration of oxygen by nasal can-
nula allows the patient to entrain room air and oxygen, mak-
ing it an insufficient delivery method for most children in
respiratory failure. Delivery methods, including intubation
and mechanical ventilation, should be escalated if there is
inability to increase oxygen saturation appropriately.

Patients presenting with hypercarbic respiratory failure
are often hypoxic as well. When oxygenation is established,
measures should be taken to address the underlying cause of
hypercarbia (reversal of drug action, control of fever, or sei-
zures). Patients who are hypercarbic without signs of respira-
tory fatigue or somnolence may not require intubation based
on the Pco, alone; however, patients with marked increase
in the work of breathing or inadequate respiratory effort may
require assistance with ventilation.

After identification of the etiology of respiratory failure,
specific interventions and treatments are tailored to the needs
of the patient. External support of oxygenation and ventila-
tion may be provided by noninvasive ventilation methods
(heated humidified high-flow nasal cannula, continuous
positive airway pressure, biphasic positive airway pressure,
or negative pressure ventilation) or through invasive meth-
ods (traditional mechanical ventilation, high-frequency
oscillatory ventilation, or extracorporeal membrane oxygen-
ation). Elimination of CO, is achieved through manipulation
of minute ventilation (tidal volume and respiratory rate).
Oxygenation is improved by altering variables that affect
oxygen delivery (fraction of inspired oxygen) or mean air-
way pressure (PEEP, peak inspiratory pressure, inspiratory
time, gas flow).

COMPLICATIONS

The major complication of hypoxic respiratory failure is the
development of organ dysfunction. Multiple organ dysfunc-
tion includes the development of two or more of the follow-
ing: respiratory failure, cardiac failure, renal insufficiency/
failure, gastrointestinal or hepatic insufficiency, disseminated
intravascular coagulation, and hypoxic-ischemic brain injury.
Mortality rates increase with increasing numbers of involved
organs (see Table 38-3).

Complications associated with mechanical ventilation
include pressure-related and volume-related lung injury.
Both overdistention and insufficient lung distention (loss of
functional residual capacity) are associated with lung injury.
Pneumomediastinum and pneumothorax are potential com-
plications of the disease process and overdistention. Inflam-
matory mediators may play a role in the development of
chronic fibrotic lung diseases in ventilated patients.

PROGNOSIS

Prognosis varies with the etiology of respiratory failure. Fewer
than 1% of previously healthy children with bronchiolitis die.
Asthma mortality rates, although still low;, have increased. Despite
advances in support and understanding of the pathophysiology
of ARDS, the mortality rate remains approximately 30%.

PREVENTION

Prevention strategies are explicit to the etiology of respiratory
failure. Some infectious causes can be prevented through active
immunization against organisms causing primary respiratory
disease (pertussis, pneumococcus, Haemophilus influenzae type
b) and sepsis (pneumococcus, H. influenzae type b). Passive
immunization with respiratory syncytial virus immunoglobu-
lins prevents severe illness in highly susceptible patients (pre-
maturity, bronchopulmonary dysplasia). Primary prevention of
traumatic injuries may decrease the incidence of ARDS. Com-
pliance with appropriate therapies for asthma may decrease the
number of episodes of respiratory failure (see Chapter 78).

/\ 7
5

SHOCK

ETIOLOGY AND EPIDEMIOLOGY

Shock is the inability to provide sufficient perfusion of oxygen-
ated blood and substrate to tissues to meet metabolic demands.
Oxygen delivery is directly related to the arterial oxygen con-
tent (oxygen saturation and hemoglobin concentration) and
to cardiac output (stroke volume and heart rate). Changes in
metabolic needs are met primarily by adjustments in cardiac
output. Stroke volume is related to myocardial end-diastolic
fiber length (preload), myocardial contractility (inotropy), and
resistance of blood ejection from the ventricle (afterload) (see
Chapter 145). In a young infant whose myocardium possesses
relatively less contractile tissue, increased demand for cardiac
output is met primarily by a neurally mediated increase in
heart rate. In older children and adolescents, cardiac output
is most efficiently augmented by increasing stroke volume
through neurohormonally mediated changes in vascular tone,
resulting in increased venous return to the heart (increased
preload), decreased arterial resistance (decreased afterload),
and increased myocardial contractility.

HYPOVOLEMIC SHOCK

Acute hypovolemia is the most common cause of shock in chil-
dren. It results from loss of fluid from the intravascular space
secondary to inadequate intake or excessive losses (vomiting
and diarrhea, blood loss, capillary leak syndromes, or patho-
logic renal fluid losses) (Table 40-1). Reduced blood volume
decreases preload, stroke volume, and cardiac output. Hypo-
volemic shock results in increased sympathoadrenal activity,
producing an increased heart rate and enhanced myocardial
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Table 40-1 | Classification of Shock and Common
Underlying Causes

PRIMARY
CIRCULATORY
TYPE DERANGEMENT COMMON CAUSES
Hypovolemic  Decreased Hemorrhage
circulating blood Blierdhes

volume

Diabetes insipidus,
diabetes mellitus

Burns
Adrenogenital syndrome

Capillary leak
Distributive Vasodilation — Sepsis
venous pooling =
decreased preload
Maldistribution of Anaphylaxis
regional blood flow CNS/spinal injury
Drug intoxication
Cardiogenic Decreased Congenital heart disease
myocardial Arrhythmia
contractility
Hypoxic/ischemic injuries
Cardiomyopathy
Metabolic derangements
Myocarditis
Drug intoxication
Kawasaki disease
Obstructive Mechanical Cardiac tamponade
obstrgctlon‘tq Massive pulmonary
ventricular filling or (1 bolus
outflow )
Tension pneumothorax
Cardiac tumor
Dissociative Oxygen not Carbon monoxide
appropriately poisoning

bound or released

Methemoglobinemia

from hemoglobin

CNS, Central nervous system.

contractility. Neurohormonally mediated constriction of the
arterioles and capacitance vessels maintains blood pressure,
augments venous return to the heart to improve preload, and
redistributes blood flow from nonvital to vital organs. If hypo-
volemic shock remains untreated, the increased heart rate
may impair coronary blood flow and ventricular filling, while
elevated systemic vascular resistance increases myocardial
oxygen consumption, resulting in worsening myocardial func-
tion. Ultimately, intense systemic vasoconstriction and hypo-
volemia produce tissue ischemia, impairing cell metabolism
and releasing potent vasoactive mediators from injured cells.
Cytokines and other vasoactive peptides can change myocar-
dial contractility and vascular tone and promote release of
other inflammatory mediators that increase capillary permea-
bility and impair organ function further.

DISTRIBUTIVE SHOCK

Abnormalities in the distribution of blood flow may result
in profound inadequacies in tissue perfusion, even in the

presence of a normal or high cardiac output. This maldistri-
bution of flow usually results from abnormalities in vascular
tone. Septic shock is the most common type of distributive
shock in children. Other causes include anaphylaxis, neuro-
logic injury, and drug-related causes (see Table 40-1).

Distributive shock may present with the systemic inflam-
matory response syndrome (SIRS), defined as two or more
of the following: temperature greater than 38° C or less than
36° C; heart rate greater than 90 beats/min or more than two
standard deviations above normal for age; tachypnea; or white
blood count greater than 12,000 cells/mm?, less than 4000
cells/mm?, or greater than 10% immature forms.

CARDIOGENIC SHOCK
Cardiogenic shock is caused by an abnormality in myocardial
function and is expressed as depressed myocardial contractil-
ity and cardiac output with poor tissue perfusion. Compensa-
tory mechanisms may contribute to the progression of shock by
depressing cardiac function further. Neurohormonal vasocon-
strictor responses increase afterload and add to the work of the
failing ventricle. Tachycardia may impair coronary blood flow,
which decreases myocardial oxygen delivery. Increased cen-
tral blood volume caused by sodium and water retention and
by incomplete emptying of the ventricles during systole results
in elevated left ventricular volume and pressure, which impair
subendocardial blood flow. As compensatory mechanisms are
overcome, the failing left ventricle produces increased ventricular
end-diastolic volume and pressure, which leads to increased left
atrial pressure, resulting in pulmonary edema. This sequence also
contributes to right ventricular failure because of increased pul-
monary artery pressure and increased right ventricular afterload.
Primary cardiogenic shock may occur in children who have
congenital heart disease. Cardiogenic shock also may occur
in previously healthy children secondary to viral myocardi-
tis, dysrhythmias, or toxic or metabolic abnormalities or after
hypoxic-ischemic injury (see Chapters 142, 145, and 147, as
well as Table 40-1).

OBSTRUCTIVE SHOCK

Obstructive shock results from mechanical obstruction of
ventricular outflow. Causes include congenital lesions such
as coarctation of the aorta, interrupted aortic arch, and severe
aortic valvular stenosis, along with acquired diseases (e.g.,
hypertrophic cardiomyopathy) (see Table 40-1). For neonates
presenting in shock, obstructive lesions must be considered.

DISSOCIATIVE SHOCK

Dissociative shock refers to conditions in which tissue perfu-
sion is normal, but cells are unable to use oxygen because the
hemoglobin has an abnormal affinity for oxygen, preventing
its release to the tissues (see Table 40-1).

CLINICAL MANIFESTATIONS

All forms of shock produce evidence that tissue perfusion and
oxygenation are insufficient (increased heart rate, abnormal
blood pressure, alterations of peripheral pulses). The etiology
of shock may alter the initial presentation of these signs and
symptoms.
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Hypovolemic Shock

Hypovolemic shock is distinguished from other causes of shock
by history and the absence of signs of heart failure or sepsis.
In addition to the signs of sympathoadrenal activity (tachy-
cardia, vasoconstriction), clinical manifestations include signs
of dehydration (dry mucous membranes, decreased urine out-
put) or blood loss (pallor). Recovery depends on the degree of
hypovolemia, the patient’s preexisting status, and rapid diag-
nosis and treatment. The prognosis is good, with a low mortal-
ity in uncomplicated cases.

Distributive Shock

Patients with distributive shock usually have tachycardia
and alterations of peripheral perfusion. In early stages, when
cytokine release results in vasodilation, pulses may be bound-
ing, and vital organ function may be maintained (an alert
patient, with rapid capillary refill and some urine output in
warm shock). As the disease progresses untreated, extremities
become cool and mottled with a delayed capillary refill time.
At this stage, the patient has hypotension and vasoconstric-
tion. If the etiology of distributive shock is sepsis, the patient
often has fever, lethargy, petechiae, or purpura, and he or she
may have an identifiable source of infection.

Cardiogenic Shock

Cardiogenic shock results when the myocardium is unable
to supply the cardiac output required to support tissue per-
fusion and organ function. Because of this self-perpetuating
cycle, heart failure progressing to death may be rapid. Patients
with cardiogenic shock have tachycardia and tachypnea. The
liver is usually enlarged, a gallop is often present, and jugular
venous distention may be noted. Because renal blood flow is
poor, sodium and water are retained, resulting in oliguria and
peripheral edema.

Obstructive Shock

Restriction of cardiac output results in an increase in heart
rate and an alteration of stroke volume. The pulse pressure is
narrow (making pulses harder to feel), and capillary refill is
delayed. The liver is often enlarged, and jugular venous disten-
tion may be evident.

Dissociative Shock

The principal abnormality in dissociative shock is the inability
to deliver oxygen to tissues. Symptoms include tachycardia,
tachypnea, alterations in mental status, and ultimately cardio-
vascular collapse.

LABORATORY AND IMAGING STUDIES

Shock requires immediate resuscitation before obtaining
laboratory or diagnostic studies. Following initial stabiliza-
tion (including glucose administration if hypoglycemia is
present), the type of shock dictates the necessary laboratory
studies. All patients with shock may benefit from determina-
tion of a baseline arterial blood gas and blood lactate level to
assess the impairment of tissue oxygenation. Measurement of
mixed venous oxygen saturation aids in the assessment of

the adequacy of oxygen delivery. In contrast to other forms
of shock, patients with sepsis often have high mixed venous
saturation values because of impairment of mitochondrial
function and inability of tissues to extract oxygen. A complete
blood count can potentially assess intravascular blood volume
after equilibration following a hemorrhage. Electrolyte mea-
surements in patients with hypovolemic shock may identify
abnormalities from losses. Patients presenting in distributive
shock require appropriate bacterial and viral cultures to iden-
tify a cause of infection. If cardiogenic or obstructive shock is
suspected, an echocardiogram assists with the diagnosis and,
in the case of tamponade, assists with placement of a pericar-
dial drain to relieve the fluid. Patients with dissociative shock
require detection of the causative agent (carbon monoxide,
methemoglobin). The management of shock also requires
monitoring of arterial blood gases for oxygenation, ventila-
tion (CO,), and acidosis, and frequently assessing the levels
of serum electrolytes, calcium, magnesium, phosphorus, and
blood urea nitrogen (BUN).

DIFFERENTIAL DIAGNOSIS
SEE TABLE 40-1.

TREATMENT
General Principles
The key to therapy is the recognition of shock in its early,
partially compensated state, when many of the hemodynamic
and metabolic alterations may be reversible. Initial therapy
for shock follows the ABCs of resuscitation. Later therapy
can then be directed at the underlying cause. Therapy should
minimize cardiopulmonary work, while ensuring cardiac
output, blood pressure, and gas exchange. Intubation, com-
bined with mechanical ventilation with oxygen supplemen-
tation, improves oxygenation and decreases or eliminates
the work of breathing but may impede venous return if dis-
tending airway pressures (positive end-expiratory pressure
[PEEP] or peak inspiratory pressure) are excessive. Blood
pressure support is crucial because the vasodilation in sepsis
may reduce perfusion despite supranormal cardiac output.
Monitoring a child in shock requires maintaining access
to the arterial and central venous circulation to record pres-
sure measurements, perform blood sampling, and measure
systemic blood pressure continuously. These measurements
facilitate the estimation of preload and afterload. Regional
monitoring with near infrared spectroscopy may allow early,
noninvasive detection of alterations in perfusion.

Organ-Directed Therapeutics

Fluid Resuscitation

Alterations in preload have a dramatic effect on cardiac out-
put. In hypovolemic and distributive shock, decreased preload
significantly impairs cardiac output. In these cases, early and
aggressive fluid resuscitation is important and greatly affects
outcome. In cardiogenic shock, an elevated preload contrib-
utes to pulmonary edema.

Selection of fluids for resuscitation and ongoing use is dic-
tated by clinical circumstances. Crystalloid volume expand-
ers generally are recommended as initial choices because they
are effective and inexpensive. Most acutely ill children with
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signs of shock may safely receive, and usually benefit greatly
from, a 20-mL/kg bolus of an isotonic crystalloid over 5 to
15 minutes. This dose may be repeated until a response is
noted. Colloids contain larger molecules that may stay in the
intravascular space longer than crystalloid solutions and exert
oncotic pressure, drawing fluid out of the tissues into the vas-
cular compartment. However, long-term risks of colloids may
exceed benefits. Care must be exercised in treating cardiogenic
shock with volume expansion because the ventricular filling
pressures may rise without improvement of the cardiac perfor-
mance. Carefully monitoring cardiac output or central venous
pressure guides safe volume replacement.

Cardiovascular Support

In an effort to improve cardiac output after volume resusci-
tation or when further volume replacement may be danger-
ous, a variety of inotropic and vasodilator drugs may be useful
(Table 40-2). Therapy is directed first at increasing myocardial
contractility, then at decreasing left ventricular afterload. The
hemodynamic status of the patient dictates the choice of the
agent.

Therapy may be initiated with dopamine at 3 to 15 mcg/
kg/min; however, epinephrine or norepinephrine may be
preferable in patients with decompensated shock. In addition
to improving contractility, certain catecholamines cause an
increase in systemic vascular resistance. The addition of a vaso-
dilator drug may improve cardiac performance by decreasing
the resistance against which the heart must pump (afterload).
Afterload reduction may be achieved with dobutamine, mil-
rinone, amrinone, nitroprusside, nitroglycerin, and angioten-
sin-converting enzyme inhibitors. The use of these drugs may
be particularly important in late shock, when vasoconstriction
is prominent.

Respiratory Support

The lung is a target organ for inflammatory mediators in
shock and SIRS. Respiratory failure may develop rapidly and
become progressive. Intervention requires endotracheal intu-
bation and mechanical ventilation accompanied by the use
of supplemental oxygen and PEEP. Care must be taken with
the process of intubation, because a child with compensated
shock may suddenly decompensate on administration of sed-
ative medications that reduce systemic vascular resistance.
Severe cardiopulmonary failure may be managed with inhaled
nitric oxide and, if necessary, extracorporeal membrane
oxygenation.

Renal Salvage

Poor cardiac output accompanied by decreased renal blood
flow may cause prerenal azotemia and oliguria/anuria. Severe
hypotension may produce acute tubular necrosis and acute
renal failure. Prerenal azotemia is corrected when blood
volume deficits are replaced or myocardial contractility is
improved, but acute tubular necrosis does not improve imme-
diately when shock is corrected. Prerenal azotemia is asso-
ciated with a serum BUN-to-creatinine ratio of greater than
10:1 and a urine sodium level less than 20 mEq/L; acute tubu-
lar necrosis has a BUN-to-creatinine ratio of 10:1 or less and
a urine sodium level between 40 and 60 mEq/L (see Chap-
ter 165). Aggressive fluid replacement is often necessary to
improve oliguria associated with prerenal azotemia. Because
the management of shock requires administering large vol-
umes of fluid, maintaining urine output greatly facilitates
patient management.

Prevention of acute tubular necrosis and the subsequent
complications associated with acute renal failure (hyperkale-
mia, acidosis, hypocalcemia, fluid overload) is important. The
use of pharmacologic agents to augment urine output is indi-
cated when the intravascular volume has been replaced. The
use of loop diuretics, such as furosemide, or combinations of a
loop diuretic and a thiazide agent may enhance urine output.
Infusion of low-dose dopamine, which produces renal artery
vasodilation, also may improve urine output. Nevertheless, if
hyperkalemia, refractory acidosis, hypervolemia, or altered
mental status associated with uremia occurs, dialysis or hemo-
filtration should be initiated.

COMPLICATIONS

Shock results in impairment of tissue perfusion and oxygen-
ation and activation of inflammation and cytokine pathways.
The major complication of shock is multiple organ system
failure, defined as the dysfunction of more than one organ,
including respiratory failure, renal failure, liver dysfunction,
coagulation abnormalities, or cerebral dysfunction. Patients
with shock and multiple organ failure have a higher mortality
rate and, for survivors, a longer hospital stay.

PROGNOSIS

Early recognition and goal-directed intervention in patients
with shock improve survival. However, delays in treatment of
hypotension increase the incidence of multiple organ failure
and mortality. Goal-directed therapy focused on maintaining
mixed venous oxygen saturation may improve survival.

Table 40-2 | Medications Used to Improve Cardiac Output

POSITIVE POSITIVE

INOTROPE CHRONOTROPE
Dopamine 4 +
Dobutamine ++ +
Epinephrine +++ +++
Norepinephrine +++ el
Milrinone + =

DIRECT
PRESSOR VASOCONSTRICTOR VASODILATOR
+ ++ (high dose) + (low dose)”
- = +
+4+ ++ (high dose) + (low dose)’
4+ +++ =

- - +

*Primarily splanchnic and renal in low doses (3-5 mcg/kg/min).
fLow dose (<0.3 mcg/kg/min).
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PREVENTION

Prevention strategies for shock are focused, for the most part,
on shock associated with sepsis and hypovolemia. Some forms
of septic shock can be prevented through use of immuniza-
tions (Haemophilus influenzae type b, meningococcal, pneu-
mococcal vaccines). Decreasing the risk of sepsis in a critically
ill patient requires adherence to strict hand washing, isolation
practices, and minimizing the duration of indwelling cathe-
ters. Measures to decrease pediatric trauma do much to mini-
mize hemorrhage-induced shock.

INJURY PREVENTION

EPIDEMIOLOGY AND ETIOLOGY

Unintentional injury is the leading cause of death in chil-
dren 1 to 18 years of age. In 2010, approximately 52% of these
deaths were caused by motor vehicle crashes. Most remaining
unintentional injury-related deaths were the result of drown-
ing (15%), poisoning (9%), burns (5%), and suffocation (4%).
Geography, climate, population density (access to care), and
population traits vary by region and affect the frequency, eti-
ology, and severity of injuries.

Injury occurs through interaction of the host (child) with
the agent (e.g., car and driver) through a vector and an
environment (e.g., roadways, weather) that is conducive to
exposure. The age of the child may determine the exposure
to various agents and environments. For example, most inju-
ries in infants and toddlers occur in the home as the result of
exposure to agents found there (water heaters, bathtubs, soft
bedding). Gender affects exposure to injury, with boys having
a fatal injury rate greater than that of girls.

EDUCATION FOR PREVENTING INJURIES

The recognition that much of the morbidity and mortality
are determined at the scene of an injury has stimulated the
development of prevention measures. The Haddon matrix
combines the epidemiologic components (host, agent, physi-
cal and social environments) with time factors (before, during,
and after the event) to identify effective interventions focused
on different aspects of the injury event. Primary strategies
(preventing the event), secondary strategies (minimizing the
severity of injury), and tertiary strategies (minimizing long-
term impact) can be targeted for each epidemiologic com-
ponent. Such strategies typically fall into one of three areas:
education, enforcement, and environment (including engi-
neering).

Education is often the first strategy considered but requires
behavioral change and actions on the part of people. Most
educational strategies are not well evaluated.

Despite the reliance on an action by the individuals
involved, some active strategies benefit from enforcement.
Children wearing bicycle helmets experience a significantly

lower incidence of traumatic brain injury and death. Enforce-
ment of seatbelt laws increases seatbelt use and may decrease
injuries.

Automatic strategies require no action on the part of
the population and often change the environment (speed
bumps) or involve engineering (child-resistant pill bot-
tles, air bags). Automatic strategies have more consistently
resulted in a significant reduction in injuries. The most suc-
cessful approaches to preventing injury have combined strat-
egies (education, environmental changes, and engineering
changes focused on the host, agent, and environment in all
three time phases).

MAJOR TRAUMA

ASSESSMENT AND RESUSCITATION

The general goal of prehospital trauma care is rapid assess-
ment, support of the ABCs, immobilization, and transpor-
tation. Outcomes of patients with major or life-threatening
trauma are significantly improved in a pediatric trauma center
or in an adult center with pediatric trauma certification com-
pared with level I or IT adult trauma centers.

Once the injured child arrives at the emergency department,
the trauma team must initiate an organized and synchro-
nized response. The initial assessment of a seriously injured
child should involve a systematic approach, including a pri-
mary survey, resuscitation, secondary survey, postresusci-
tation monitoring, and definitive care. The primary survey
focuses on the ABCDEs of emergency care, as modified for
trauma from the ABCs of cardiopulmonary resuscitation
(see Chapter 38). The assessment of the airway and breathing
components should include meticulous control of the cervical
spine (especially if the patient has an altered mental status),
evaluation for anatomic injuries that could impair air entry
or gas exchange, and consideration of the likelihood of a full
stomach (risk of aspiration pneumonia). Circulation can be
assessed via observation (heart rate, skin color, mental status)
and palpation (pulse quality, capillary refill, skin temperature)
and restored (via two large peripheral intravenous lines, when
possible) while control of bleeding is accomplished through
the use of direct pressure. Assessment for disabilities (D),
including neurologic status, includes examination of pupil size
and reactivity, a brief mental status assessment (AVPU—alert;
responds to voice; responds to pain; unresponsive), and exam-
ination of extremity movement to assess for spinal cord injury.
The Glasgow Coma Scale can direct decisions regarding the
initiation of cerebral resuscitation in patients with suspected
closed head injuries (Table 42-1). E, which stands for exposure,
requires a full assessment of the patient by completely disrob-
ing the child for a detailed examination of the entire body. The
examiner should ensure a neutral thermal environment to
prevent hypothermia.
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Table 42-1 | Glasgow Coma Scales

ACTIVITY BEST RESPONSE SCORE
Eye opening Spontaneous 4
To verbal stimuli 3
To pain 2
None 1
Verbal Oriented 5
® |nfant: coos, babbles
Confused 4
o |nfant: irritable, cries
Inappropriate words 3
¢ |nfant: cries to pain
Nonspecific sounds 2
¢ Infant: moans to pain
None 1
Motor Follows commands 6
¢ Infant: spontaneous movement
Localizes pain 5
¢ Infant: withdraws to touch
Withdraws to pain 4
Flexion to pain
¢ Infant: abnormal flexion
Extension to pain 2
¢ Infant: abnormal extension
None 1

On completion of the primary survey, a more detailed head-
to-toe examination (the secondary survey) should ensue along
with efforts to obtain a more complete history. The purpose
of this careful re-examination is to identify life-threatening
and limb-threatening injuries as well as less serious injuries.
Coincident with the secondary survey and depending, in part,
on the assessed physiologic status of the patient, certain pro-
cedures and resuscitative measures are initiated. The priori-
tization of definitive care needs is determined by the injury
findings collected from the primary and secondary surveys,
the child’s physiologic response to resuscitation, and data from
continuous monitoring. A tertiary survey, including repeat
primary and secondary surveys along with review of labora-
tory tests and radiologic studies, should be performed within
24 hours.

ETIOLOGY AND EPIDEMIOLOGY
SEE CHAPTER 41.

LABORATORY AND IMAGING STUDIES

Screening laboratory studies during initial resuscitation often
include the tests listed in Table 42-2. Radiographic studies
are determined by the pattern of injuries. A head computed
tomography (CT) scan should be obtained in patients with
evidence of head trauma or a history of loss of consciousness.
Patients with obvious injury to the thorax or abdomen or who
have pulmonary or abdominal symptoms may benefit from
a CT scan. The focused abdominal sonography for trauma is
gaining popularity because of concerns about radiation expo-
sure. Diagnostic peritoneal lavage has limited utility. A spiral

Table 42-2 | Initial Laboratory Evaluation of the Major
Trauma Patient

HEMATOLOGY

Complete blood count

Platelet count

Type and cross-match
URINALYSIS

Gross

Microscopic

CLINICAL CHEMISTRY

Amylase

AST/ALT

RADIOLOGY

Cervical spine films
Anteroposterior chest radiograph
Radiographs of all apparent fractures

Computed tomography scans where indicated for head, chest,
and abdominal trauma

AST/ALT, Aspartate aminotransferase/alanine aminotransferase.

enhanced CT scan should be performed if there is concern
about aortic injuries.

CLINICAL MANIFESTATIONS

AND TREATMENT

Head injuries and injuries to the limbs are the most common.
Multiple organ involvement is also common, and penetrating
trauma is becoming more frequent. After the initial evalua-
tion and stabilization, the team focuses on the involved organ
systems.

Head Trauma
SEE CHAPTER 184.

Spinal Cord Trauma

Although spinal cord injury is not common in pediatric
trauma patients, it is potentially devastating when it occurs.
Cervical spine immobilization should be maintained until
a spinal cord injury is ruled out. Cervical spine radiographs
are not sufficient to rule out a spinal cord injury because the
immature vertebral column in children may allow stretching
of the cord or nerve roots with no radiologic abnormality (spi-
nal cord injury without radiologic abnormality [SCIWORA]).
SCIWORA may occur in a significant percentage of children
with a spinal cord injury; when it is suspected, magnetic reso-
nance imaging should be performed.

Thoracic Trauma

Thoracic injury is the second leading cause of trauma death.
Pulmonary contusion, pneumothorax, and rib fractures occur
most commonly, and patients may present without exter-
nal signs of trauma. Patients with pulmonary parenchymal
injury should receive supportive treatment to ensure adequate
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oxygenation and ventilation. Most pediatric blunt thoracic
injuries can be managed without surgery. Injury to the heart
and great vessels is rare but requires urgent diagnosis and
treatment. Great vessel injury should be suspected if a wid-
ened mediastinum is seen on chest radiograph.

Abdominal Trauma
Injury to the abdomen occurs in approximately 8% of pediatric
trauma patients and is the third leading cause of trauma death.
The relative size and closer proximity of intra-abdominal
organs in children increase the risk of significant injury after
blunt trauma. Penetrating trauma may result in a child who is
asymptomatic or who presents in hypovolemic shock.

Imaging studies such as abdominal CT and serial phys-
ical examinations are the primary methods of obtaining
information on which to base decisions regarding operative
intervention. Abdominal wall bruising is an important phys-
ical examination finding and is associated with significant
intra-abdominal injury in more than 10% of patients. Opera-
tive intervention may be required in patients whose vital signs
are persistently unstable in the face of aggressive fluid resusci-
tation, even in the absence of extravascular volume loss or an
enlarging abdomen. The presence of peritoneal irritation or
abdominal wall discoloration, together with signs of intravas-
cular volume loss, indicates the need for laparotomy.

Most blunt solid organ injury is handled nonoperatively.
Clinical observation is important, because most failures with
nonoperative management occur in the first 12 hours.

Injury to the Spleen

The most frequently injured abdominal organ in children is
the spleen. Suspicion of a splenic injury should be heightened
if there are left upper quadrant abrasions or tenderness. A pos-
itive Kehr sign (pressure on the left upper quadrant eliciting
left shoulder pain) is due to diaphragmatic irritation by the
ruptured spleen and strongly suggests splenic injury. CT scans
are used to identify and grade splenic injury.

Nonoperative management is the treatment of choice for
most serious splenic injuries, unless there is continued large
blood loss or hemodynamic instability. If a splenectomy is
performed, patients should receive penicillin prophylaxis and
should receive pneumococcal and Haemophilus influenzae
vaccines to decrease the increased risk of overwhelming sepsis.

Liver Trauma

Major trauma to the liver is a serious cause of morbidity. Severe
hemorrhage is more common in patients with liver injury than
with other abdominal injuries because of its dual blood supply.
Without significant vascular injury, hepatic injury presents and
behaves clinically like a splenic injury. Nonoperative manage-
ment is recommended but requires close clinical observation
for signs of ongoing blood loss or hemodynamic instability.
As with splenic injury, there is a grading system based on the
pattern of injury.

Renal Injury
The kidney is less frequently injured than the liver or spleen,
and when injured is often associated with other injuries. A

young child’s kidney is more vulnerable to trauma than an
adult’s because of a more compliant rib cage and relatively
immature abdominal muscle development. The diagnosis
of renal injury is based on history and physical examination
coupled with urinalysis showing blood and increased protein
levels. An ultrasound or CT may also be useful. Low-grade
renal injury is usually managed conservatively, with bed rest,
catheter drainage, and monitoring for resolution of injury by
ultrasound or CT. Surgery may be required for falling hemo-
globin levels, refractory shock, or urinary obstruction caused
by clots.

Pancreatic Injury

Injuries of the pancreas are less common in children than in
adults but are seen in bicycle handlebar injuries, motor vehi-
cle crashes, and nonaccidental trauma. The diagnosis is dif-
ficult unless there is obvious injury to overlying structures,
such as the stomach or duodenum. Diffuse abdominal ten-
derness, pain, and vomiting may be accompanied by eleva-
tions of amylase and lipase but may not occur until several
days after the injury. Hemodynamic instability secondary
to retroperitoneal hemorrhage may be the presenting sign.
Nasogastric suction and parenteral nutrition are indicated
in the management of these patients. Nonoperative manage-
ment is appropriate for contusions, but surgical intervention
may be required in patients with distal transection. Drain-
age of pseudocysts, in patients who develop them, may be
required if they are unresponsive to bowel rest and parenteral
nutrition.

Intestinal Injury
Injury to the intestine occurs less frequently than injury to
solid intra-abdominal organs and varies with the amount of
intestinal contents. A full bowel is likely to shear more eas-
ily than an empty bowel. Shearing occurs at points of fixation
(the ligament of Treitz, the ileocecal valve, and the ascending
and descending peritoneal reflections). Pneumoperitoneum
should prompt surgical exploration. Serial physical examina-
tions are useful when the clinical picture is uncertain.
Duodenal hematoma can occur in the absence of perfo-
ration. Duodenal hematomas result from blunt injury to the
abdomen, and affected patients often present with persistent
pain and bilious emesis. Most hematomas respond to nonop-
erative management with gastric decompression and paren-
teral nutrition.

COMPLICATIONS

Patients requiring hospitalization for multiple trauma are
at risk for a variety of complications based on the type and
severity of injury. Sepsis and multiple organ failure may occur
in children with multiple trauma. Delays in enteral nutrition
because of an ileus may further increase the risk of sepsis
secondary to translocation of bacteria across the intestinal
mucosa.

Renal failure secondary to myoglobinuria may be seen in
children who sustain crushing or electrical injuries and burns.
Deep venous thrombosis is less common in the pediatric pop-
ulation, but prophylaxis for children who will be immobilized
because of injury is often provided.
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PROGNOSIS

Unintentional injury is the leading cause of death for children
ages 1 to 18; however, many of these deaths occur in the field,
immediately after the injury. Once admitted to the hospital,
mortality rates are much lower. Morbidities are numerous
and include hypoxic-ischemic brain injury, loss of limbs, and
psychological dysfunction.

PREVENTION
SEE CHAPTER 41.

DROWNING

ETIOLOGY

Drowning, as defined by the World Congress on Drowning in
2002, is the process of experiencing respiratory impairment
from submersion/immersion in liquid. Drowning can further
be categorized as fatal or nonfatal, but other terms such as
near-drowning, secondary drowning, or dry drowning should
be abandoned.

Initially, submersion or immersion results in aspiration
of small amounts of fluid into the larynx, triggering breath
holding or laryngospasm. In many cases, the laryngospasm
resolves, and larger volumes of water or gastric contents are
aspirated into the lungs, destroying surfactant and caus-
ing alveolitis and dysfunction of the alveolar-capillary gas
exchange. The resulting hypoxemia leads to hypoxic brain
injury that is exacerbated by ischemic injury after circulatory
collapse.

EPIDEMIOLOGY

Drowning deaths overall have decreased over the past decade;
however, drowning is still a significant cause of morbidity and
mortality. In 2010, drowning was the leading cause of injury
death for children 1 to 4 years of age and the second leading
cause of injury death for children 1 to 18 years of age. Boys are
four times more likely than girls to drown. The most common
location of drowning varies by age, with drowning in natural
bodies of water becoming more frequent in older age groups.

CLINICAL MANIFESTATIONS

Hypoxemia is the result of laryngospasm and aspiration
during drowning. Victims may also develop respiratory dis-
tress secondary to pulmonary endothelial injury, increased
capillary permeability, and destruction of surfactant. Clin-
ical manifestations include tachypnea, tachycardia, increased
work of breathing, and decreased breath sounds with or with-
out crackles. The hypoxic-ischemic injury that may occur
can lead to depressed myocardial function resulting in tachy-
cardia, impaired perfusion, and potentially cardiovascular

collapse. After resuscitation, acute respiratory distress syn-
drome is common. Altered mental status may be present and
requires frequent monitoring of neurologic status. Following
submersion in cold water, hypothermia may result in relative
bradycardia and hypotension and place the child at risk for
cardiac dysrhythmias.

LABORATORY AND IMAGING STUDIES

After resuscitation, arterial blood gas measurement assists in
assessing pulmonary gas exchange. A chemistry profile may
reveal elevated liver enzymes if hypoxemia and ischemia were
of long duration and provide baseline renal functions. Electro-
lytes are often obtained, although alterations of serum electro-
lytes are minimal, even in freshwater drowning.

TREATMENT

Resuscitation of a drowning victim includes the basic ABCs
(see Chapter 38). Victims of unwitnessed drowning require
stabilization of the cervical spine because of the possibility of
a fall or diving injury. Optimizing oxygenation and maintain-
ing cerebral perfusion are two of the major foci of treatment.
Rewarming the hypothermic patient requires careful attention
to detail, including acid-base and cardiac status. Further treat-
ment is based on the patient response to initial resuscitation.
Some children begin breathing spontaneously and awaken
before arrival at an emergency department. If the episode was
significant, these children still require careful observation for
pulmonary complications over the subsequent 6 to 12 hours.
Children who have evidence of lung injury, cardiovascular
compromise, or neurologic compromise should be monitored
in an intensive care unit. Pulmonary dysfunction often results
in hypoxemia. Oxygen supplementation should be imple-
mented to maintain normal oxygen saturations. Mechanical
ventilation may be needed in patients with significant pulmo-
nary or neurologic dysfunction. Cardiovascular compromise
is often the result of impaired contractility because of hypox-
ic-ischemic injury. The use of intracranial pressure monitor-
ing devices and medical management with hypothermia and
sedation is controversial and has not been shown to improve
outcomes. Prophylactic antibiotics have not been shown to be
beneficial and may increase the selection of resistant organ-
isms.

PROGNOSIS

The outcome of drowning is determined by the success
of immediate resuscitation efforts and the severity of the
hypoxic-ischemic injury to the brain. Patients who have
regained consciousness on arrival to the hospital will likely
survive with intact neurologic function. Unfavorable prog-
nostic markers include the need for CPR for more than 25
minutes, continued CPR at the hospital, Glasgow Coma Scale
of 5 or less, fixed and dilated pupils, seizures, and coma for
more than 72 hours.

PREVENTION

Despite the decreased incidence of drowning since the 1990s,
few prevention strategies have been shown to be effective.
Exceptions include implementation of mandatory four-sided



fencing around pools (decreasing the number of children <5
years of age who drown) and immediate provision of CPR
to children who drown. The use of safety flotation devices in
older children during water sport activities may be beneficial.
Enhanced supervision is required to reduce the incidence of
infants drowning in bathtubs.

o
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BURNS

ETIOLOGY
The pathophysiology of burn injury is caused by disruption
of the three key functions of the skin: regulation of heat loss,
preservation of body fluids, and barrier to infection. Burn
injury releases inflammatory and vasoactive mediators result-
ing in increased capillary permeability, decreased plasma vol-
ume, and decreased cardiac output. The body then becomes
hypermetabolic with increased resting energy expenditure
and protein catabolism. This hypermetabolic state may con-
tinue for up to a year after injury.

Burns usually are classified on the basis of four criteria:
1. Depth of injury
2. Percent of body surface area involved
3. Location of the burn
4. Association with other injuries

EPIDEMIOLOGY

More than 100,000 children sustain a burn injury each year.
Burns are the third leading cause of injury-related death for
children ages 1 to 9 and are a major cause of morbidity. Boys
are more likely to sustain a burn injury, as are children age 6
and under. Scald burns are more common in younger children
as compared to older children. Overall, thermal burns second-
ary to scald or flame are much more common than electrical
or chemical burns. Most fire-related childhood deaths and
injuries occur in homes.

CLINICAL MANIFESTATIONS

The depth of injury should be assessed by the clinical
appearance. Categories of first-degree, second-degree, and
third-degree are commonly used; however, classification by
depth (superficial, superficial partial-thickness, deep partial-
thickness, and full-thickness) conveys more information about
the structures injured and the likely need for surgical treatment
and may be more clinically useful.

Superficial (first-degree) burns are red, painful, and
dry. Commonly seen with sun exposure or mild scald inju-
ries, these burns involve injury to the epidermis only. They
heal in 2 to 5 days without scarring and are not included in
burn surface area calculations. Superficial partial-thick-
ness (second-degree) burns involve the entire epidermis and
superficial dermis. These burns have fluid-containing blisters.
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PERCENTAGE OF SURFACE AREA OF HEAD AND LEGS

AT VARIOUS AGES
AGE IN YEARS
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Figure 44-1 This chart of body areas, together with the table
inserted in the figure showing the percentage of surface area of head
and legs at various ages, can be used to estimate the surface area
burned in a child. From Solomon JR: Pediatric burns, Crit Care Clin
1:159-174, 1985.

After debridement the underlying dermis will appear ery-
thematous and wet, will be painful, and will blanch under
pressure. Healing is dependent on the uninjured dermis and
usually occurs within about 2 weeks without the need for
skin grafting and without scarring. Deep partial-thickness
(also second-degree) burns involve the entire epidermis and
deeper portions of the dermis. These burns may also have
blistering, but the dermal base is less blanching, mottled pink
or white, and less painful than superficial partial-thickness
burns. They behave more like full-thickness burns and will
often require excision and grafting. Full-thickness (third-de-
gree and fourth-degree) burns involve all skin layers. They
appear dry, white, dark red, brown, or black in color. They
do not blanch and are usually insensate. Full-thickness burns
require surgical management. Fourth-degree burns involve
underlying fascia, muscle, or bone and may require recon-
struction in addition to grafting. Inhalation injuries should
be suspected if there are facial burns, singed nasal hairs, or
carbonaceous sputum. Hoarseness on vocalization also is
consistent with a supraglottic injury. Inhalation injuries may
result in bronchospasm, airway inflammation, and impaired
pulmonary function.

There are multiple methods and charts available for cal-
culating the percentage of skin surface involved in a burn.
One method that may be used for children of various ages
is presented in Figure 44-1. The extent of skin involvement
of older adolescent and adult patients may be estimated as
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follows: each upper extremity, 9%; each lower extremity, 18%;
anterior trunk, 18%; posterior trunk, 18%; head, 9%; and
perineum, 1%.

The location of the burn is important in assessing the risk
of disability. The risk is greatest when the face, eyes, ears, feet,
perineum, or hands are involved. Inhalation injuries not only
cause respiratory compromise but also may result in difficulty
in eating and drinking.

LABORATORY AND IMAGING STUDIES

Initial laboratory testing, including complete blood count,
type and crossmatch for blood, coagulation studies, basic
chemistry profile, arterial blood gas, and chest radiograph, can
be helpful for patients with major burns. A carboxyhemoglo-
bin assessment should be performed for any suspected inha-
lation exposure (a house or closed-space fire or a burn victim
who requires cardiopulmonary resuscitation). Cyanide levels
should be considered in children who sustain smoke inhala-
tion and have altered mental status. Unusual patterns of burns
may increase suspicion of child abuse and result in appropriate
evaluation to assess for nonaccidental trauma to the skeleton
or central nervous system.

TREATMENT

For severe burns, care is best managed by a multidisciplinary
team in a qualified burn center. The American Burn Associa-
tion criteria for patients who should be transferred to a burn
center are: partial and full-thickness burns greater than 10%
total body surface area (TBSA) in patients less than 10 years
old or more than 50 years old, or greater than 20% TBSA in
other age groups; partial and full-thickness burns involving
the face, hands, feet, genitalia, perineum, or major joints; elec-
trical burns; chemical burns; inhalation injury; burn injury in
patients with preexisting medical conditions that could com-
plicate management, prolong recovery, or increase mortality
rate; any burn with concomitant trauma in which the burn
injury poses the greatest risk; burn injury in children admit-
ted to hospitals without qualified personnel or equipment for
pediatric care; burn injury in patients requiring special social,
emotional, or rehabilitative support, including child abuse
cases.

Initial treatment should follow the ABCs of resuscitation.
Airway management should include assessment for the pres-
ence of airway or inhalation injury, with early intubation if
such an injury is suspected. Smoke inhalation may be associ-
ated with carbon monoxide toxicity; 100% humidified oxygen
should be given if hypoxia or inhalation is suspected.

The systemic capillary leak that occurs after a serious burn
makes initial fluid and electrolyte support of a burned child
crucial. The first priority is to support the circulating blood
volume, which requires the administration of intravenous flu-
ids to provide maintenance fluid and electrolyte requirements
and to replace ongoing burn-related losses. Formulas exist to
help guide fluid management; however, no formula accurately
predicts the fluid needs of every burn patient. Children with
a significant burn should receive a rapid bolus of 20 mL/kg of
lactated Ringer solution. Thereafter, the resuscitation formula
for fluid therapy is determined by the percent of body surface
burned. Total fluids are 2 to 4 mL/kg/percent burn/24 hours,
with half the estimated burn requirement administered during

the first 8 hours. (If resuscitation is delayed, half of the fluid
replacement should be completed by the end of the eighth hour
post-injury.) Fluids should be titrated to achieve adequate per-
fusion, one marker of which is urine output greater than 1 mL/
kg/hour. Controversy exists over whether and when to admin-
ister colloid during fluid resuscitation. Colloid therapy may be
needed for patients with extensive burns.

Because burn injury produces a hypermetabolic response,
children with significant burns require immediate nutritional
support. Enteral feeds should be started early unless there
is a specific contraindication. Children with critical burn
injury may require parenteral nutrition if unable to tolerate
full enteral feeds. Consider supplementation of vitamins and
trace elements. Factors that may modify the hypermetabolic
state such as beta blockers, androgenic steroids, and others are
being investigated.

Wound care starts with cleaning and debriding the wound.
Effective pain control is important to allow for complete
debridement. Topical agents and dressings are then applied
to control bacterial colonization, decrease evaporative losses,
and aid in pain control. Commonly used topical agents include
silver sulfadiazine (Silvadene) or, if the burn is shallow, poly-
myxin B/bacitracin/neomycin (Neosporin) ointment. Silver
nitrate and mafenide acetate (Sulfamylon) are alternative anti-
microbial agents. Sulfamylon has the benefit of penetrating
eschar, but it is painful and can cause metabolic acidosis. Silver
nitrate is used less commonly because of poor tissue penetra-
tion and potential for electrolyte abnormalities. These agents

Table 44-1 | Complications of Burns

PROBLEM TREATMENT

Monitor for infection, avoid
prophylactic antibiotics

Sepsis

Hypovolemia Fluid replacement

Hypothermia Adjust ambient temperature: dry

blankets in field
Laryngeal edema Endotracheal intubation, tracheostomy

Carbon monoxide
poisoning

100% oxygen, hyperbaric oxygen

Cyanide poisoning 100% O, plus amyl nitrate, sodium

nitrate, and sodium thiosulfate

Cardiac dysfunction Inotropic agents, diuretics

Gastric ulcers H,-receptor antagonist, antacids

Compartment syndrome  Escharotomy incision

Contractures Physical therapy

Hypermetabolic state Enteral and parenteral nutritional

support
Renal failure Supportive care, dialysis
Transient antidiuresis Expectant management
Anemia Transfusions as indicated
Psychological trauma Psychological rehabilitation
Pulmonary infiltrates PEEP, ventilation, oxygen
Pulmonary edema Avoid overhydration, give diuretics
Pneumonia Antibiotics

Bronchospasm B-Agonist aerosols

PEEP, Positive end-expiratory pressure.
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inhibit but do not prevent bacterial growth. Various grafts,
such as cadaver allografts, porcine xenografts, or skin substi-
tutes, have been used initially to cover wounds. For full-thick-
ness burns, skin autografting and skin substitutes are required
for eventual closure.

COMPLICATIONS
SEE TABLE 44-1.

PROGNOSIS

Most children who sustain burns recover without significant
disability; however, burns remain the third leading cause of
injury-related deaths in children ages 1 to 9. Estimation of
morbidity is difficult to ascertain from databases. Physical
scarring and emotional impact of disfiguring burns are long-
term consequences of burn injuries.

PREVENTION

About 92% of burns occur in the home. Prevention is possi-
ble by using smoke and fire alarms, having identifiable escape
routes and a fire extinguisher, and reducing hot water tempera-
ture to 49°C (120°F). Immersion full-thickness burns develop
after 1 second at 70°C (158°F), after 5 seconds at 60°C (140°F),
after 30 seconds at 54.5°C (130°F), and after 10 minutes at
49°C (120°F).

POISONING

ETIOLOGY AND EPIDEMIOLOGY

The most common agents ingested by young children include
cosmetics, personal care products, analgesics, and cleaning
solutions. Fatal childhood poisonings are commonly caused
by analgesics, antihistamines, sedative/hypnotics, and fumes/
gases/vapors.

More than 2 million human exposures are called in to poi-
son control centers in the United States each year. More than
half of all exposures are in children (63% in 2010) with a male
predominance in children under 13, but a female predomi-
nance in adolescence. Most ingestions in young children are
unintentional, with intentional ingestions becoming more
common in children 13 and older. Most ingestions occur at
home (91%) and are single substance (90%).

CLINICAL MANIFESTATIONS

Any child who presents with unexplained symptoms includ-
ing altered mental status, seizure, cardiovascular compro-
mise, or metabolic abnormality should be considered to have
ingested a poison until proven otherwise. A history and phys-
ical examination by someone who understands the signs and

symptoms of various ingestions often provide sufficient clues
to distinguish between toxic ingestion and organic disease
(Table 45-1). Determination of all substances that the child
was exposed to, type of medication, amount of medication,
and time of exposure is crucial in directing interventions.
Available data often are incomplete or inaccurate, requiring
a careful physical examination and laboratory approach. A
complete physical examination, including vital signs, is neces-
sary. Certain complexes of symptoms and signs are relatively
specific to a given class of drugs (toxidrome) (Table 45-2).

COMPLICATIONS

A poisoned child can exhibit any one of six basic clinical pat-
terns: coma, toxicity, metabolic acidosis, heart rhythm aberra-
tions, gastrointestinal symptoms, and seizures.

Coma

Coma is perhaps the most striking symptom of a poison
ingestion, but it also may be seen as a result of several other
causes including trauma, a cerebrovascular accident, asphyxia,
or meningitis. A careful history and clinical examination are
needed to distinguish among these alternatives.

Direct Toxicity

Hydrocarbon ingestion occasionally may result in systemic
toxicity, but more often it leads to pulmonary toxicity. Hydro-
carbons with low viscosity, low surface tension, and high
volatility pose the greatest risk of producing aspiration pneu-
monia; however, when swallowed, they pose no risk unless
emesis is induced. Emesis or lavage should not be initiated in a
child who has ingested volatile hydrocarbons.

Caustic ingestions may cause dysphagia, epigastric pain,
oral mucosal burns, and low-grade fever. Patients with esoph-
ageal lesions may have no oral burns or may have significant
signs and symptoms. Treatment depends on the agent ingested
and the presence or absence of esophageal injury. Alkali agents
may be solid, granular, or liquid. Liquid agents are tasteless
and produce full-thickness liquefaction necrosis of the esoph-
agus or oropharynx. When the esophageal lesions heal, stric-
tures form. Ingestion of these agents also creates a long-term
risk of esophageal carcinoma. Treatment includes antibiotics if
there are signs of infection and dilation of late-forming (2 to 3
weeks later) strictures.

Ingested button batteries also may produce a caustic muco-
sal injury. Batteries that remain in the esophagus may cause
esophageal burns and erosion and should be removed with an
endoscope. Acid agents can injure the lungs (with hydrochlo-
ricacid fumes), oral mucosa, esophagus, and stomach. Because
acids taste sour, children usually stop drinking the solution,
limiting the injury. Acids produce a coagulation necrosis,
which limits the chemical from penetrating into deeper lay-
ers of the mucosa and damages tissue less severely than alkali.
The signs, symptoms, and therapeutic measures are similar to
those for alkali ingestion.

Metabolic Acidosis
A poisoned child may also have a high anion gap meta-
bolic acidosis (mnemonic MUDPILES) (Table 45-3), which
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Table 45-1 | Historical and Physical Findings in Poisoning

ODOR

Bitter almonds
Acetone
Alcohol
Wintergreen
Garlic

Violets

OCULAR SIGNS

Miosis

Mydriasis
Nystagmus
Lacrimation

Retinal hyperemia
Poor vision
CUTANEOUS SIGNS
Needle tracks

Dry, hot skin
Diaphoresis
Alopecia

Erythema

ORAL SIGNS
Salivation

Dry mouth

Burns

Gum lines
Dysphagia
INTESTINAL SIGNS
Diarrhea
Constipation
Hematemesis
CARDIAC SIGNS
Tachycardia
Bradycardia
Hypertension
Hypotension
RESPIRATORY SIGNS
Depressed respiration
Increased respiration

Pulmonary edema

Cyanide

Isopropyl alcohol, methanol, paraldehyde, salicylate
Ethanol

Methyl salicylate

Arsenic, thallium, organophosphates, selenium

Turpentine

Narcotics (except propoxyphene, meperidine, and pentazocine), organophosphates, muscarinic mushrooms,
clonidine, phenothiazines, chloral hydrate, barbiturates (late)

Atropine, cocaine, amphetamines, antihistamines, cyclic antidepressants, PCP, LSD
Phenytoin, barbiturates, ethanol, carbamazepine, PCP, ketamine, dextromethorphan
Organophosphates, irritant gas or vapors

Methanol

Methanol, botulism, carbon monoxide

Heroin, PCP, amphetamine

Anticholinergic agents, botulism

Organophosphates, muscarinic mushrooms, aspirin, cocaine
Thallium, arsenic, lead, mercury

Boric acid, mercury, cyanide, anticholinergics

Organophosphates, salicylate, corrosives, strychnine, ketamine
Amphetamine, anticholinergics, antihistamine

Corrosives, oxalate-containing plants

Lead, mercury, arsenic

Corrosives, botulism

Antimicrobials, arsenic, iron, boric acid, cholinergics
Lead, narcotics, botulism

Corrosives, iron, salicylates, NSAIDs

Atropine, aspirin, amphetamine, cocaine, cyclic antidepressants, theophylline
Digitalis, narcotics, clonidine, organophosphates, B-blockers, calcium channel blockers
Amphetamine, LSD, cocaine, PCP

Phenothiazines, barbiturates, cyclic antidepressants, iron, f-blockers, calcium channel blockers, clonidine, narcotics

Alcohol, narcotics, barbiturates
Amphetamines, aspirin, ethylene glycol, carbon monoxide, cyanide

Hydrocarbons, organophosphates

CENTRAL NERVOUS SYSTEM SIGNS

Ataxia

Coma

Hyperpyrexia

Muscle fasciculation
Muscle rigidity
Peripheral neuropathy
Altered behavior

Alcohol, barbiturates, anticholinergics, narcotics

Sedatives, narcotics, barbiturates, salicylate, cyanide, carbon monoxide, cyclic antidepressants, alcohol
Anticholinergics, salicylates, amphetamine, cocaine

Organophosphates, theophylline

Cyclic antidepressants, PCP, phenothiazines, haloperidol

Lead, arsenic, mercury, organophosphates

LSD, PCP, amphetamines, cocaine, alcohol, anticholinergics

LSD, Lysergic acid diethylamide; MSG, monosodium glutamate; NSAID, nonsteroidal anti-inflammatory drug; PCF, phencyclidine.
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Table 45-2 | Toxic Syndromes

AGENT

Acetaminophen

Amphetamine,
cocaine, and
sympathomimetics

Anticholinergics

Carbon monoxide
Cyanide
Ethylene glycol

(antifreeze)

Iron

Narcotics

Cholinergics

MANIFESTATIONS

Nausea, vomiting, pallor, delayed jaundice—
hepatic failure (72-96 hr)

Tachycardia, hypertension, hyperthermia,
psychosis and paranoia, seizures, mydriasis,
diaphoresis, piloerection, aggressive
behavior

Mania, delirium, fever, red dry skin, dry
mouth, tachycardia, mydriasis, urinary
retention

Headache, dizziness, coma, other systems
affected

Coma, convulsions, hyperpnea, bitter
almond odor

Metabolic acidosis, hyperosmolarity,
hypocalcemia, oxalate crystalluria

Vomiting (bloody), diarrhea, hypotension,
hepatic failure, leukocytosis, hyperglycemia,
radiopaque pills on KUB, late intestinal
stricture, Yersinia sepsis

Coma, respiratory depression, hypotension,
pinpoint pupils, bradycardia

Miosis, salivation, urination, diaphoresis,

(organophosphates, lacrimation, bronchospasm (bronchorrhea),

nicotine) muscle weakness and fasciculations, emesis,
defecation, coma, confusion, pulmonary
edema, bradycardia

Salicylates Tachypnea, fever, lethargy, coma, vomiting,
diaphoresis, alkalosis (early), acidosis (late)

Cyclic Coma, convulsions, mydriasis, hyperreflexia,

antidepressants arrhythmia (prolonged Q-T interval), cardiac

arrest, shock

KUB, Kidney-ureter-bladder radiograph.

is assessed easily by measuring arterial blood gases, serum
electrolyte levels, and urine pH. An osmolar gap, if present,
strongly suggests the presence of an unmeasured component,
such as methanol or ethylene glycol. These ingestions require
thorough assessment and prompt intervention.

Dysrhythmias

Dysrhythmias may be prominent signs of a variety of toxic
ingestions, although ventricular arrhythmias are rare. Pro-
longed Q-T intervals may suggest phenothiazine or antihis-
tamine ingestion, and widened QRS complexes are seen with
ingestions of cyclic antidepressants and quinidine. Because
many drug and chemical overdoses may lead to sinus tachy-
cardia, this is not a useful or discriminating sign; however,
sinus bradycardia suggests digoxin, cyanide, a cholinergic
agent, or B-blocker ingestion (Table 45-4).

Gastrointestinal Symptoms

Gastrointestinal symptoms of poisoning include emesis, nau-
sea, abdominal cramps, and diarrhea. These symptoms may be
the result of direct toxic effects on the intestinal mucosa or of
systemic toxicity after absorption.

Table 45-3 | Screening Laboratory Clues in Toxicologic
Diagnosis

ANION GAP METABOLIC ACIDOSIS (MNEMONIC = MUDPILES)
Methanol,” metformin

Uremia”

Diabetic ketoacidosis”

Paraldehyde,” phenformin

Isoniazid, iron

Lactic acidosis (cyanide, carbon monoxide)
Ethanol,” ethylene glycol

Salicylates, starvation, seizures
HYPOGLYCEMIA

Ethanol

Isoniazid

Insulin

Propranolol

Oral hypoglycemic agents
HYPERGLYCEMIA

Salicylates

Isoniazid

I[ron

Phenothiazines

Sympathomimetics

HYPOCALCEMIA

Oxalate

Ethylene glycol

Fluoride

RADIOPAQUE SUBSTANCE ON KUB (MNEMONIC = CHIPPED)
Chloral hydrate, calcium carbonate

Heavy metals (lead, zinc, barium, arsenic, lithium, bismuth as in
Pepto-Bismol)

Iron

Phenothiazines

Play-Doh, potassium chloride
Enteric-coated pills

Dental amalgam

KUB, Kidney-ureter-bladder radiograph.
*Indicates hyperosmolar condition.

Seizures

Seizures are the sixth major mode of presentation for children
with toxic ingestions, but poisoning is an uncommon cause of
afebrile seizures. When seizures do occur with intoxication,
they may be life-threatening and require aggressive therapeu-
tic intervention.

LABORATORY AND IMAGING STUDIES

Laboratory studies helpful in initial management include spe-
cific toxin-drug assays; measurement of arterial blood gases
and electrolytes, osmoles, and glucose; and calculation of the
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Table 45-4 | Drugs Associated with Major Modes of Presentation

COMMON TOXIC CAUSES OF CARDIAC ARRHYTHMIA
Amphetamine
Antiarrhythmics
Anticholinergics
Antihistamines
Arsenic

Carbon monoxide
Chloral hydrate
Cocaine

Cyanide

Cyclic antidepressants
Digitalis

Freon
Phenothiazines
Physostigmine
Propranolol
Quinine, quinidine
Theophylline
CAUSES OF COMA
Alcohol
Anticholinergics
Antihistamines
Barbiturates

Carbon monoxide
Clonidine

Cyanide

Cyclic antidepressants

Hypoglycemic agents
Lead

Lithium
Methemoglobinemia”
Methyldopa

Narcotics
Phencyclidine
Phenothiazines
Salicylates

COMMON AGENTS CAUSING SEIZURES (MNEMONIC = CAPS)
Camphor
Carbamazepine
Carbon monoxide
Cocaine

Cyanide
Aminophylline
Amphetamine
Anticholinergics
Antidepressants (cyclic)
Pb (lead) (also lithium)
Pesticide (organophosphate)
Phencyclidine

Phenol

Phenothiazines
Propoxyphene
Salicylates

Strychnine

*Causes of methemoglobinemia: amyl nitrite, aniline dyes, benzocaine, bismuth subnitrate, dapsone, primaquine, quinones, spinach, sulfonamides.

anion or osmolar gap. A full 12-lead electrocardiogram should
be part of the initial evaluation in all patients suspected of
ingesting toxic substances. Urine screens for drugs of abuse
or to confirm suspected ingestion of medications in the home
may be revealing.

Quantitative toxicology assays are important for some
agents (Table 45-5), not only for identifying the specific drug,
but also for providing guidance for therapy, anticipating com-
plications, and estimating the prognosis.

TREATMENT

The four foci of treatment for poisonings are supportive
care, decontamination, enhanced elimination, and specific
antidotes.

Supportive Care

Supportive care is the mainstay of treatment in most cases.
Prompt attention must be given to protecting and maintain-
ing the airway, establishing effective breathing, and supporting
the circulation. This management sequence takes precedence

over other diagnostic or therapeutic procedures. If the level of
consciousness is depressed, and a toxic substance is suspected,
glucose (1 g/kg intravenously), 100% oxygen, and naloxone
should be administered.

Gastrointestinal Decontamination

The intent of gastrointestinal decontamination is to prevent
the absorption of a potentially toxic ingested substance and,
in theory, to prevent the poisoning. There has been great con-
troversy about which methods are the safest and most effi-
cacious. Recommendations from the American Academy of
Clinical Toxicology (AACT) and the European Association of
Poison Centres and Clinical Toxicologists (EAPCCT) follow.
Syrup of ipecac should not be administered routinely to poi-
soned patients because of potential complications and lack of
evidence that it improves outcome. Likewise, gastric lavage
should not be used routinely, if ever, in the management of
poisoned patients because of lack of efficacy and potential
complications. Single-dose activated charcoal decreases drug
absorption when used within 1 hour of ingestion; however,
it has not been shown to improve outcome. Thus, it should
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be used selectively in the management of a poisoned patient.
Charcoal is ineffective against caustic or corrosive agents,
hydrocarbons, heavy metals (arsenic, lead, mercury, iron, lith-
ium), glycols, and water-insoluble compounds.

The administration of a cathartic (sorbitol or magnesium
citrate) alone has no role in the management of the poisoned
patient. The AACT has stated that based on available data, the
use of a cathartic in combination with activated charcoal is not
recommended.

Whole-bowel irrigation using polyethylene glycol
(GoLYTELY) as a nonabsorbable cathartic may be effective for
toxic ingestion of sustained-release or enteric-coated drugs.

Monitoring for Drug Toxicity
ANTIBIOTICS
Aminoglycosides—gentamicin, tobramycin, and amikacin
Chloramphenicol
Vancomycin
IMMUNOSUPPRESSION
Methotrexate
Cyclosporine
ANTIPYRETICS
Acetaminophen
Salicylate
OTHER
Digoxin
Lithium
Theophylline
Anticonvulsant drugs

Serotonin uptake inhibitor agent

The AACT does not recommend the routine use of whole-
bowel irrigation. However, there is theoretical benefit in its use
for potentially toxic ingestions of iron, lead, zinc, or packets of
illicit drugs.

Enhanced Elimination

Multiple-dose activated charcoal should be considered only
if a patient has ingested a life-threatening amount of carba-
mazepine, dapsone, phenobarbital, quinine, or theophylline.
Alkalinization of urine may be helpful for salicylate or metho-
trexate ingestion. Dialysis may be used for substances that have
alow volume of distribution, low molecular weight, low protein
binding, and high degree of water solubility, such as methanol,
ethylene glycol, salicylates, theophylline, bromide, and lithium.

Specific Antidotes
SEE TABLE 45-6.

When in doubt about therapy, contacting one of the U.S.
Poison Control Centers (1-800-222-1222) can help to deter-
mine what additional treatment is necessary.

PROGNOSIS

Most poisonings result in minimal or no toxicity. Major toxic-
ity is seen in fewer than 1% of ingestions, with fatality in fewer
than 0.1%. Only 12% of children 12 and under with poisoning
require treatment in a health care facility, compared with 48%
of adolescents.

PREVENTION
Properly educating parents regarding safe storage of medica-
tions and household toxins is necessary for preventing inges-

tions. If a child has ingested poison, a poison control center
should be called.

Table 45-6 | Specific Antidotes

POISON

Acetaminophen

Benzodiazepine
B-Blocking agents
Carbon monoxide
Cyclic antidepressants

Iron

ANTIDOTE
N-Acetylcysteine

Flumazenil
Glucagon

Oxygen

Sodium bicarbonate

Deferoxamine

DOSAGE

140 mg/kg PO initial dose, then 70 mg/kg
PO gdhr x 17 doses

150 mg/kg IV over 1 hr, followed by 50 mg/
kg IV over 4 hr, followed by 100 mg/kg IV
over 16 hr

0.2 mg IV, may repeat to 1 mg max

0.15 mg/kg IV, followed by infusion of
0.05-0.15 mg/kg/hr

100%; hyperbaric O,

1-2 mEg/kg IV, followed by continuous
infusion; titrated to produce pH of 7.5-7.55

Infusion of 5-15 mg/kg/hr IV (max 6 g/24 hr)

COMMENTS

Most effective within 16 h of ingestion

Possible seizures, arrhythmias, DO NOT
USE FOR UNKNOWN INGESTIONS

Half-life of carboxyhemoglobin is 5 hrin
room air but 1.5 hrin 100% O,

Follow potassium levels and replace as
needed

Hypotension (worse with rapid infusion
rates)

Continued
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Table 45-6 | Specific Antidotes—cont'd

POISON ANTIDOTE

Lead Edetate calcium
disodium (EDTA)
BAL (British anti-Lewisite
[dimercaprol])

Succimer
(2,3-dimercaptosuccinic
acid ((DMSA])

Nitrites/ Methylene blue

methemoglobinemia”

Opiates Naloxone

Organophosphates Atropine

Pralidoxime (2 PAM,;
Protopam)

DOSAGE
35-50 mg/kg/day IV x 5 days; continuous
infusion or divided g 12 hours
3-5mg/kg/dose IM g4h x 4-11 days

10 mg/kg/dose PO tid x 5 days, then 10
mg/kg/dose PO bid x 14 days

1-2 mg/kg IV, repeat g 30-60 min if needed;
treat for levels >30%

0.1 mg/kg IV, ET, SC, IM for children, up to 2
mg, repeat as needed

0.05-0.1 mg/kg IV/ET, repeat every 5-10
minutes as needed

25-50 mg/kg IV over 5-10 min (max 200
mg/min); may repeat after 1-2 hr, then

COMMENTS

May cause sterile abscesses. Prepared
in peanut oil, do not use in patients with
peanut allergy.

Few toxic effects, requires lead-free home
plus compliant family

Exchange transfusion may be needed
for severe methemoglobinemia;
methylene blue overdose also causes
methemoglobinemia

Naloxone causes no respiratory
depression

Physiologic: blocks acetylcholine

Specific: disrupts phosphate-
cholinesterase bond

g10-12 h as needed

From Kliegman RM, Stanton BF, St. Geme JW, et al., editors: Nelson Textbook of Pediatrics, ed 19, Philadelphia, 2011, Saunders, pp 256-257.

ET, Endotracheal; IM, intramuscular; IV, intravenous; PO, oral; SC, subcutaneous.
*See Table 45-4 for causes of methemoglobinemia.

SEDATION AND
ANALGESIA

An acutely ill pediatric patient may have pain, discomfort, and
anxiety resulting from injury, surgery, and invasive procedures
(intubation, bone marrow aspiration, venous access placement)
or during life-sustaining mechanical ventilation. Clear goals
should be identified to allow provision of optimal analgesia or
sedation without compromising the physiologic status of the
patient. Anxiolysis, cooperation, amnesia, immobility, and lack
of awareness all are goals of sedation and can be accomplished
with various drugs (Table 46-1). Many of these goals can be
achieved with behavioral techniques (preprocedural teaching),
but sedation is often a necessary adjunct for painful procedures.
Pain may be expressed by verbal or visible discomfort, crying,
agitation, tachycardia, hypertension, and tachypnea. A variety
of scales have been developed in an attempt to quantify pain
and allow more directed therapy. Few of these scales are well
validated, especially in populations of acutely ill children with
physiologic derangements secondary to the underlying pathol-
ogy. Pain caused by procedural interventions should always be
treated with analgesics in addition to sedation (Table 46-2).

ASSESSMENT

Procedural Sedation

A medical evaluation must be performed for any patient
receiving procedural sedation to identify underlying medical

conditions that may affect the choice of sedative agents. Spe-
cific attention must be paid to assessment of the airway (for
ability to maintain a patent airway) and respiratory system
(asthma, recent respiratory illness, loose teeth), cardiovascular
status (especially adequacy of volume status), factors affecting
drug metabolism (renal or liver disease), and risk of aspiration
(adequate nothing-by-mouth status, gastroesophageal reflux).
During the administration of procedural sedation, assessment
of status must include monitoring of oxygen saturation, heart
rate, and respiratory rate, as well as some assessment of effec-
tiveness of ventilation. This assessment must be performed by
someone who is not involved in the procedure; this person is
also responsible for recording vital signs and drugs admin-
istered on a time-based graph. Monitoring must be contin-
ued until the child has returned to baseline. Patients who are
receiving long-term sedation (e.g., to maintain endotracheal
tube placement) may need only local anesthesia for painful
procedures but may benefit from additional sedation or anal-
gesia as well.

Nonprocedural Sedation

Many ventilated pediatric patients require sedation and some
analgesia while intubated. The most common choice is a com-
bination of a longer acting benzodiazepine and an opioid.
Avoidance of oversedation is important. Use of appropriate
pain and sedation scores allows for titration of medications to
achieve goals of the sedation plan. Long-term use of benzodi-
azepines and opioids leads to tolerance, a problematic occur-
rence that must be considered as medications are added and
weaned. True addiction is a rare occurrence, especially when
medications are provided at the minimum level needed to
achieve adequate sedation and pain control.
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Table 46-1 | Agents that Produce Sedation

SEDATIVES EFFECT
Midazolam Anxiolysis, sedation, muscle relaxation, amnesia
Lorazepam Anxiolysis, sedation, muscle relaxation, amnesia
Dexmedetomidine Sedation without respiratory depression
Ketamine Anesthesia, analgesia, amnesia
Chloral hydrate Sedative
Propofol Rapid-onset sedative for induction and

maintenance of anesthesia

CONCERNS

Tolerance is possible; apnea, hypotension, depressed myocardial
function; short action

Same as midazolam; long action
May cause bradycardia

Dissociative reactions, tachycardia, hypertension, increased
bronchial secretions, emergent delirium, hallucinations; increases
intracranial pressure

Emesis, hypotension, arrhythmias, hepatic dysfunction

Metabolic acidosis in children; may depress cardiac function

Table 46-2 | Agents that Produce Analgesia

ANALGESIC EFFECT COMPLICATIONS
Acetaminophen and Moderate analgesia, antipyresis  Ceiling effect, requires PO administration
DS NSAIDs—gastrointestinal bleed, ulceration
Opioids No ceiling effect; respiratory depression, sedation, pruritus, nausea/vomiting,
decreased gastric motility, urinary retention, tolerance with abuse potential
Morphine Analgesia May cause myocardial depression
Codeine Analgesia Nausea/vomiting
Fentanyl, alfentanil, Analgesia, sedation No adverse effects on cardiovascular system; stiff chest syndrome
sufentanil
Methadone Analgesia

NSAIDs, Nonsteroidal anti-inflammatory drugs; PO, oral.

PAIN AND ANALGESIA

The subjective aspect of pain requires that self-reporting be
used for assessment. Visual analog scales, developed for adult
patients (allowing patients to rate pain on a scale of 1 to 10),
have been used for older children. Pain scales for younger chil-
dren often incorporate behavioral and physiologic parameters,
despite the imprecision of physiologic responses.

Local anesthetics, such as lidocaine, can be used for minor
procedures. However, lidocaine requires subcutaneous or
intradermal injection. The use of EMLA, a cream containing
lidocaine and prilocaine, is less effective than intradermal
lidocaine but is preferred by many patients.

Patient-controlled analgesia is an effective method for
providing balanced analgesia care in older children and
adolescents. Children using patient-controlled analgesia
have better pain relief and experience less sedation than
patients receiving intermittent, nurse-controlled, bolus
analgesics. Analgesics can be administered through the
patient-controlled analgesia pump with continuous basal
infusions, bolus administration, or both. Morphine is the
most frequent opioid used for patient-controlled analgesia.

Monitoring of oxygen saturations and respiratory rate are
crucial with continuous opioid infusions because of the shift
in CO, response curve and potential to decrease ventilatory
response to hypoxia.

Epidural analgesia decreases the need for inhalation anes-
thetics during surgery and can provide significant analgesia
without sedation in the postoperative period. Decreased costs
and length of stay also may be benefits of epidural analgesic
approaches. Medications used in epidurals include bupiv-
acaine and morphine. Adverse effects include nausea and
vomiting, motor blockade, and technical problems requiring
catheter removal. Infection and permanent neurologic deficits
are rare.
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Chapter 47

PATTERNS OF
INHERITANCE

TYPES OF GENETIC DISORDERS

Among infants born in the United States, 2% to 4% have con-
genital malformations, abnormalities of form or function
identifiable at birth. At 1 year of age, the number approaches
7%, because some anomalies may not be identifiable until after
the neonatal period. The prevalence of congenital malforma-
tions is much greater in inpatient pediatric populations; 30%
to 50% of hospitalized children have congenital anomalies or
genetic disorders.

The clinical geneticist attempts to identify the etiology,
mode of inheritance, and risk that a disorder might occur in
the affected child’s siblings. In evaluating children with con-
genital malformations, the patient’s condition may be classi-
fied into one of five different categories:

1. Single-gene mutations, accounting for 6% of children with
congenital anomalies

2. Chromosomal disorders, accounting for approximately
7.5%

3. Multifactorially inherited conditions, accounting for 20%

4. Disorders that show an unusual pattern of inheritance,
accounting for 2% to 3%

5. Conditions caused by exposure to teratogens, accounting
for 6%

INTRODUCTION TO GENETICS AND
GENOMICS

DNA is composed of four nucleotide building blocks: ade-
nine, guanine, cytosine, and thymine. Each nucleotide is
linked to other nucleotides, forming a chain. The DNA mol-
ecule consists of two chains of nucleotides held together
by hydrogen bonds. The purine nucleotides, adenine and
guanine, cross-link by hydrogen bonds to the pyrimidines,
thymine and cytosine. Because of this cross-linking, the
nucleotide sequence of one strand sets the other strand’s
sequence. Separating the two strands permits complemen-
tary nucleotides to bind to each DNA strand; this copies the
DNA and replicates the sequence.
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DNA exists as multiple fragments that, together with a pro-
tein skeleton (chromatin), form chromosomes. Human cells
have 23 pairs of chromosomes, with one copy of each chromo-
some inherited from each parent. Twenty-two pairs of chro-
mosomes are autosomes; the remaining pair is called the sex
chromosomes. Females have two X chromosomes; males have
one X and one Y.

Spread along the chromosomes, like beads on a string,
DNA sequences form genes, the basic units of heredity. A
typical gene contains a promoter sequence, an untranslated
region, and an open reading frame, all arrayed from the 5’
to the 3’ end of the DNA. In the open reading frame, every
three nucleotides represent a single codon, coding for a par-
ticular amino acid. In this way, the sequence of bases dictates
the sequence of amino acids in the corresponding protein.
Some codons, rather than coding for a specific amino acid,
act as a “start” signal, whereas others serve as “stop” sig-
nals. Between the start and stop codons, genes consist of
two major portions: exons, regions containing the code that
ultimately corresponds to a sequence of amino acids, and
introns (intervening sequence), which do not become part
of the amino acid sequence.

Genes are transcribed into messenger RNA (mRNA), then
translated into proteins. During transcription, RNA is pro-
cessed to remove introns. The mRNA serves as a template to
construct the protein.

Human genetic material contains 3.1 billion bases. Less
than 2% of the DNA codes for proteins, comprising the
genome’s approximately 21,000 genes. Through a mecha-
nism called alternative splicing, these 21,000 genes may
create more than 100,000 proteins. The remainder of the
DNA, the portion not involved in protein formation, had
been termed junk DNA, but a project called ENCODE
(Encyclopedia of DNA Elements) found that much of this
presumed junk DNA is functional and likely serves some
regulatory function.

Disease may be caused by changes or mutations in the
DNA sequence, with the point mutation, a change in a sin-
gle DNA base, being the most common type. A point muta-
tion that changes a codon and the resulting amino acid that
goes into the protein is referred to as a missense mutation.
A nonsense mutation is a point mutation that changes the
codon to a “stop” codon so that transcription stops prema-
turely. A frameshift mutation often stems from the loss or
addition of one or more DNA bases; this causes a shift in
how the DNA is transcribed and generally leads to prema-
ture stop codons.
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Pedigree Drawing
To identify specific patterns of inheritance, geneticists con-
struct and analyze pedigrees, which are pictorial represen-
tations of a family history. Males are represented by squares
and females by circles. Matings are connected with a solid line
between each partner’s symbols. Unmarried couples are often
connected by a dashed line. Children from a couple are repre-
sented below their parents and are the next generation.
Grandparents, uncles, and aunts are added in similar fash-
ion. Children of aunts and uncles also may be included. Ages
or birthdays may be written next to or underneath each sym-
bol. The proband (the patient who is the initial contact) is
indicated with an arrow. Affected individuals are indicated by
shading, or some other technique, which should be explained
in akey. Carriers for a disorder (e.g., sickle cell disease) usually
are indicated by a dot in the center of their symbol (Fig. 47-1).

B0 > pap

]
on

Q Affected individual

[B carrier (heterozygote)
Figure 47-1 Pedigree showing affected individuals and carriers.

Table 47-1 | Autosomal Dominant Diseases

To be useful, pedigrees should include representatives of at
least three generations of family members.

Autosomal Dominant Disorders (AD)

If a single copy of a gene bearing a mutation is sufficient to
cause disease and that gene is not on one of the sex chromo-
somes, that condition is inherited in an AD fashion (Table
47-1). In AD disorders, an affected parent has a 50% chance
of passing the mutated gene to each child (Fig. 47-2; Table
47-2). Possessing one working gene and one nonworking gene
is termed heterozygous. If both copies are the same, they are
referred to as homozygous.

Some people who are obligate carriers of a mutation
known to cause an AD disorder may not show clinical signs
of the disorder, whereas other such individuals manifest
symptoms. This phenomenon is referred to as penetrance.
If all individuals who carry a mutation for an AD disorder
show signs of that disorder, the gene is said to have com-
plete penetrance. Many AD disorders show decreased pen-
etrance.

Often, AD disorders show variability in symptoms expressed
in different individuals carrying the same mutated gene. Some
individuals have only mild clinical symptoms, whereas others
have more severe disease. This phenomenon is referred to as
variable expressivity.

AD disorders sometimes appear in a child of unaffected
parents because of a spontaneous mutation. Known in
some cases to be associated with advanced paternal age
(>35 years of age), spontaneous mutations may account for
most individuals with some disorders. Approximately 80%
of patients with achondroplasia have a spontaneous muta-
tion in the fibroblast growth factor receptor type 3 (FGFR3)
gene. The following are examples of autosomal dominant
disorders.

DISEASE FREQUENCY

Achondroplasia ~1:12,000
Thanatophoric dysplasia

Crouzon syndrome with

acanthosis nigricans

Nonsyndromic craniosynostosis

Neurofibromatosis 1 1:3500

Neurofibromatosis 2 (NF2,
bilateral acoustic neuromas,
Merlin)

Huntington disease (HD)

Genotype at birth, 1:33,000
Phenotype prevalence,
1:200,000

Variable in populations,
1:5000-1:20,000

Myotonic dystrophy (DM, 1:500 in Quebec 1:25,000

Steinert disease) Europeans
Marfan syndrome (FBN-1) 1:10,000
Hereditary angioneurotic 1:10,000

edema (HANE) (C-1 esterase
inhibitor that regulates the C-1
component of complement)

COMMENTS

Mutations are in the gene for fibroblast growth factor receptor-3
on chromosome 4p16.3. 40% of cases are new mutations (different
mutations in the same gene cause achondroplasia, thanatophoric
dysplasia, Crouzon syndrome with acanthosis, and nonsyndromic
craniosynostosis)

About 50% of cases result from new mutations in the gene for
neurofibromin, a tumor suppressor gene located at 17g11.2. Expression
is quite variable

The NF2 gene is a tumor suppressor gene located at 22q12.2. The
protein is called “Merlin”

The disease is caused by a (CAG) repeat expansion in the “Huntington”
protein gene on chromosome 4p16.3

The disease is caused by a (CTG) repeat expansion in the DM
kinase gene at chromosome 19913.2. The condition shows genetic
anticipation with successive generations

The syndrome is caused by mutations in the fibrillin 1 (FBN 1) gene on
chromosome 15g21.1; there is variable expression

The gene is located on chromosome 11g11-g13.2. The phenotype of
episodic and variable subcutaneous and submucosal swelling and pain
is caused by diminished or altered esterase inhibitor protein, which can
result from any one of many mutations in the gene
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Achondroplasia

Caused by a defect in cartilage-derived bone, achondroplasia
(ACH) is the most common skeletal dysplasia in humans. The
bony abnormalities lead to short stature, macrocephaly, a flat
midface with a prominent forehead, and rhizomelic shorten-
ing of the limbs. The disorder occurs in approximately 1 in
12,000 births.

ACH is caused by mutations in the FGFR3 gene. Early in
development, FGFR3 is expressed during endochondral bone
formation. More than 95% of cases of ACH are caused by one
of two mutations in the same base pair (site 1138). This site,
extremely active for mutations, is known as a mutational hot
spot.

As they grow, children with ACH often develop associated
medical and psychological problems. Hydrocephalus and cen-
tral apnea may occur because of narrowing of the foramen
magnum and compression of the brainstem and may present
a life-threatening complication in infancy. Bowing of the legs
may occur later in childhood because of unequal growth of
the tibia and fibula. Dental malocclusion, obstructive apnea,
and hearing loss due to middle ear dysfunction are common
in later childhood. During later childhood and adolescence,
the psychological effects of the short stature may manifest.
In adulthood, further complications include compression of

|
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&

Q Affected individual

O Individual with decreased penetrance

Figure 47-2 Pedigree showing decreased penetrance for an auto-
somal dominant disorder. Proband (arrow) is affected. Maternal
grandfather also is affected. The individual’s mother is presumed to
be the carrier of the gene, even though she may show only slight
symptoms of disease.

Table 47-2 | Rules of Autosomal Dominant Inheritance

Trait appears in every generation

Each child of an affected parent has a one in two chance of being
affected

Males and females are equally affected
Male-to-male transmission occurs

Traits generally involve mutations in genes that code for regulatory
or structural proteins (collagen)

nerve roots and sciatica. People with ACH have normal life
spans and normal intelligence.

The diagnosis of ACH is made on the basis of clinical find-
ings; characteristic x-ray abnormalities confirm the diagnosis.
Molecular testing is available but is usually reserved for cases
that are difficult to diagnose or those in which prenatal diag-
nosis is requested. Prenatal diagnosis is possible by molecular
testing, using fetal cells obtained through amniocentesis or
chorionic villus sampling.

Neurofibromatosis Type 1
One of the most common AD disorders, NF1 is estimated to be
present in 1 in 3500 individuals. NF1 is caused by a mutation
in the gene NFI, which codes for the protein neurofibromin.
Although the penetrance of NF1 is 100%, the expression is
extremely variable. Many affected individuals have features so
mild that they are never diagnosed.
SEE CHAPTER 186.

Marfan Syndrome (MFS)

A condition that occurs in approximately 1 in 10,000 individ-
uals, MFS shows pleiotropy, the condition in which abnormal-
ities in multiple organ systems are caused by a mutation in a
single gene. Caused by a mutation in the FBNI gene, clinical
symptoms in MFS mostly involve three systems: cardiac, oph-
thalmologic, and skeletal. Skeletal findings include a tall, thin
body habitus (dolichostenomelia), spider-like fingers and toes
(arachnodactyly), abnormalities of the sternum (pectus exca-
vatum or carinatum), scoliosis, pes planus, and joint laxity.
Eye findings include high myopia, which can lead to vitreo-
retinal degeneration; an abnormal suspensory ligament of the
lens, which can lead to ectopia lentis (dislocation of the lens);
and cataracts. Cardiac findings include progressive dilatation
of the aortic root. Aortic insufficiency followed by aortic dis-
section is a common complication. Other clinical features of
MES include dural ectasia, abnormal pulmonary septation,
and striae. Diagnostic criteria for MFS are summarized in
Table 47-3.

New mutations in FBNI account for 25% of cases of MFS.
The gene is large and complex; more than 600 mutations have
been identified in affected individuals. Many of the symptoms
of MFS are caused not by the defect in the fibrillin protein itself
but rather by an excess in transforming growth factor-beta
(TGEF-f), a protein usually bound by fibrillin. Losartan, an
angiotensin II receptor antagonist that also lowers levels of
TGF-f, may prevent aneurysms in patients with MFS.

Autosomal Recessive Disorders (AR)

Disorders that are inherited in an AR manner manifest only
when both copies of a gene pair located on a non-sex chromo-
some have a mutation (Tables 47-4, 47-5). Affected children
usually are born to unaffected parents, each of whom carries
one copy of the mutation. If both members of a couple are
carriers (or heterozygotes) for this mutation, each of their oft-
spring has a 25% chance of being affected (Fig. 47-3).

Sickle Cell Disease
SEE CHAPTER 150.
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Table 47-3 | Revised Ghent Nosology for the Diagnosis of Marfan Syndrome

WITHOUT FAMILY HISTORY

AORTIC ROOT DILATATION" ECTOPIA LENTIS SYSTEMIC >7 POINTS FBN1 MUTATION DIAGNOSIS
f:zr izoslg%lc DISSECTION
+ + -or+ MFST
1 + MFS
+ s + (unknown or neg) MFST
- + + MFS
- + Ectopia Lentis syndrome
- - =5 MASS
MVP - <5 MVPS
WITH FAMILY HISTORY
+ MFS
+ MFST
+ MFST

(Z =2, if >20 years)
(Z =3, if <20 years)

SCORING SYSTEM FOR SYSTEMIC FEATURES*
Thumb AND Wrist Sign

Thumb OR Wrist Sign

Pectus Carinatum

Pectus Excavatum or Chest Asymmetry

Hindfoot Deformity

Pes Planus

Pneumothorax (History)

Dural Ectasia

Protrusio acetabluli

Decreased US/LS ratio AND increased Arm/Height BUT NO SCOLIOSIS

Scoliosis or Thoracolumbar kyphosis
Reduced Elbow Extension

Facial features (3 of 5)%

Skin Striae

Myopia >3 diopters

Mitral Valve Prolapse

N NN =

—

Data from Loeys BL, et al. The revised Ghent nosology for the Marfan syndrome. J Med Genet 47:476-485, 2010.
FBN1, Fibrillin-1; MASS, myopia, mitral valve prolapse, borderline aortic root dilatation (Z <2), striae, skeletal findings; MVPS, mitral valve prolapse syndrome.

*Aortic root dilatation (measured at the Sinuses of Valsalva);

TLoeys-Dietz syndrome (LDS), Shprintzen-Goldberg syndrome (SGS), and the vascular form of Ehlers Danlos (VEDS) should be excluded. If clinical features are
suggestive, then DNA testing for TGFBR1, TGFBR2 (LDS), COL3AT (vEDS) or collagen biochemistry should be done to help rule out these disorders.

*Maximum Total: 20 points; more than 7 points indicates systemic involvement.

SFacial Features: Dolicocephaly, enophthalmos, downslanting palpebral fissures, malar hypoplasia, retrognathia.

Tay-Sachs Disease
SEE CHAPTERS 55 AND 185.

X-Linked Disorders

More than 1000 genes have been identified on the X chromo-
some, whereas only about 200 are believed to be present on the
Y chromosome. Females, whose cells have two copies of an X

chromosome, possess two copies of each gene on the X chro-
mosome, whereas males, who have one X chromosome anda Y
chromosome, have only one copy of these genes. Early in female
embryonic development, one X chromosome is randomly inac-
tivated in each cell. There are many X-linked disorders (color-
blindness, Duchenne muscular dystrophy, hemophilia A) in
which heterozygous (carrier) females show some manifestations
of the disorder due to skewed X chromosome inactivation.
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Table 47-4 | Autosomal Recessive Diseases

DISEASE

Adrenal hyperplasia, congenital
(CAH, 21-hydroxylase deficiency,
CA21H, CYP21, cytochrome
P450, subfamily XXI)

Phenylketonuria (PKU,
phenylalanine hydroxylase
deficiency, PAH)

Cystic fibrosis (CF)

Friedreich ataxia (FA, frataxin)

Gaucher disease, all types
(glucocerebrosidase deficiency,
acid B-glucosidase deficiency) (a
lysosomal storage disease)

Sickle cell disease (hemoglobin
beta locus, beta 6 glu — val
mutation)

FREQUENCY
1:5000

1:12,000-1:17,000

1:2500 whites

1:25,000

1:2500
Ashkenazi Jews

1:625 African
Americans

COMMENTS

Phenotype variation corresponds roughly to allelic variation. A deficiency causes
virilization in females.

The gene is located at 6p21.3 within the HLA complex and within 0.005 centimorgans
(cM) of HLA B

There are hundreds of disease-causing mutations in the PAH gene located on
chromosome 12922-g24.1. The first population-based newborn screening was a test
for PKU because the disease is treatable by diet. Women with elevated phenylalanine
have infants with damage to the central nervous system because high phenylalanine is
neurotoxic and teratogenic

The gene CF transmembrane conductance regulator (CFTR) is on chromosome 7g31.2

Frataxin is a mitochondrial protein involved with iron metabolism and respiration. The
gene is on chromosome 9q13-g21, and the common mutation is a GAA expanded
triplet repeat located in the first intron of the gene. FA does not show anticipation

The gene is located on chromosome 1g21. There are many mutations; some mutations
lead to neuropathic disease, but most are milder in expression. The phenotypes
correspond to the genotypes, but the latter are difficult to analyze

This is the first condition with a defined molecular defect (1959). A single base change
results in an amino acid substitution of valine for glutamic acid at position 6 of the beta
chain of hemoglobin, with resulting hemolytic anemia. The gene is on chromosome
11p15.5. Penicillin prophylaxis reduces death from pneumococcal infections in affected
persons, especially in infants

Table 47-5 | Rules of Autosomal Recessive Inheritance

Trait appears in siblings, not in their parents or their offspring

On average, 25% of siblings of the proband are affected (at the
time of conception, each sibling has a 25% chance of being

affected)

A normal sibling of an affected individual has a two thirds chance

of being a carrier (heterozygote)

Males and females are likely to be affected equally

Rare traits are likely to be associated with parental consanguinity

Traits generally involve mutations in genes that code for enzymes
(e.g., phenylalanine hydroxylase—deficient in PKU) and are
associated with serious illness and shortened life span
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PKU, Phenylketonuria.

X-Linked Recessive Inheritance

Q Affected individual

© carrier

Figure 47-3 Pedigree of family showing autosomal recessive inher-

Most disorders involving the X chromosome are recessive. itance.

With only one copy of the X chromosome, males are more
likely to manifest these diseases than females. Each son born
to a female carrier of an X-linked recessive trait has a 50%
chance of inheriting the trait, but none of this woman’s daugh-
ters would be affected (each daughter has a 50% chance of
being a carrier). An affected father transmits the mutation to
all of his daughters, who are carriers, but not to his sons; hav-
ing received their father’s Y chromosome, they would not be
affected (thus there is no male-to-male transmission) (Tables
47-6,47-7 and Fig. 47-4).

X-Linked Dominant Inheritance

Only a few X-linked dominant disorders have been described.
Both males and females are affected by this group of disorders,
but females have less severe symptoms due to X-chromosome
inactivation. This is the case for X-linked vitamin D-resis-
tant rickets (hypophosphatemic rickets), a disorder in which
the kidney’s ability to reabsorb phosphate is impaired. Phos-
phate levels and resulting rickets are not as severe in females
as in males.

However, many X-linked dominant disorders are lethal in
males. Affected mothers can have affected or normal daugh-
ters but only normal sons. Affected sons die in utero. This is
the case in incontinentia pigmenti, which has a characteristic
swirling skin pattern of hyperpigmentation that develops after
a perinatal skin rash with blistering. Affected females also have
variable involvement of the central nervous system, hair, nails,

Duchenne Muscular Dystrophy
SEE CHAPTER 182.

Hemophilia A
SEE CHAPTER 151.
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Table 47-6 | X-Linked Recessive Diseases

DISEASE FREQUENCY
Fragile X syndrome (FRAXA; 1:4000 males
numerous other names)
Duchenne muscular dystrophy 1:4000 males

(DMD, pseudohypertrophic
progressive MD, dystrophin,
Becker variants)

Hemophilia A (factor VIII deficiency, 1:5000-1:10,000; males

classic hemophilia)

Rett syndrome (RTT, RTS autism,
dementia, ataxia, and loss of
purposeful hand use); gene MECP2
(methyl-CpG- binding protein 2)

1:10,000-1:15,000; girls

Color blindness (partial deutan series,  1:12; males
green color blindness [75%]; partial

protan series, red color blindness

[25%])

Adrenoleukodystrophy (ALD, Uncommon

XL-ALD, Addison disease, and
cerebral sclerosis)

1:10 African Americans

1:5 Kurdish Jews

A heteromorphism in these
and other populations

Glucose-6-phosphate dehydrogenase
deficiency (G6PD)

COMMENTS

The gene is located at Xg27.3

The condition is attributable to a CGG triplet expansion that is
associated with localized methylation (inactivation) of distal genes.
Females may have some expression. Instability of the site may lead
to tissue mosaicism; lymphocyte genotype and phenotype may not
correlate

The gene is located at Xp21

The gene is relatively large, with 79 exons, and mutations and
deletions may occur anywhere. The gene product is called
dystrophin. Dystrophin is absent in DMD but abnormal in Becker MD

The gene is located at Xq28
Factor VIIl is essential for normal blood clotting. Phenotype depends
on genotype and the presence of any residual factor VIII activity

The gene is located at locus Xg28

These diseases are a subset of autism. There is a loss of regulation
(repression) for other genes, including those in trans positions. The
disease is lethal in males. Cases represent new mutations or parental
gonadal mosaicism

The gene is located at Xg28 (proximal) for deutan color blindness
and at Xg28 (distal) for protan color blindness

The gene is located at Xq28

The disease involves a defect in peroxisome function relating to very
long-chain fatty acid CoA synthetase with accumulation of C-26 fatty
acids. Phenotype is variable, from rapid childhood progression to
later onset and slow progression

The gene is located at Xq28
There are numerous variants in which oxidants cause hemolysis.

Variants can confer partial resistance to severe malaria

Table 47-7 | Rules of X-Linked Recessive Inheritance

Incidence of the trait is higher in males than in females

Trait is passed from carrier females, who may show mild expression
of the gene, to half of their sons, who are more severely affected

Each son of a carrier female has a one in two chance of being
affected

Trait is transmitted from affected males to all of their daughters; it
is never transmitted father to son

Because the trait can be passed through multiple carrier females, it
may skip generations

teeth, and eyes. In Rett syndrome, caused by mutations in the
MECP?2 gene, females are normal at birth, but later in the first
year of life develop microcephaly and developmental regression
and plateau. About 50% of patients develop seizures. Girls often
are diagnosed with autism and, by 2 years of age, adopt a hand-
washing posture that causes them to lose all purposeful hand
movements.

OTHER TYPES OF GENETIC DISORDERS
Multifactorial Disorders

Often termed polygenic inheritance, multifactorially inherited
disorders result from the interplay of genetic and environmental

e

‘XY
—

@

° Carrier

[] Affected individual
Figure 47-4 Pedigree showing X-linked recessive inheritance.

factors. In addition to 20% of congenital malformations, includ-
ing cleft lip and palate and spina bifida, most common disorders
of childhood and adult life, such as asthma, atherosclerosis, dia-
betes, and cancer, result from an interaction between genes and
the environment. These disorders do not follow simple mende-
lian modes of inheritance; rather, affected individuals tend to
cluster in families. The disorders occur more often in first- and
second-degree relatives than would be expected by chance, and
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they are more likely to be concordant (although not 100%) in
monozygotic twins than in dizygotic twins.

Hypertrophic Pyloric Stenosis

= Decision-Making Algorithms
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Vomiting
Gastrointestinal Bleeding
Alkalemia

Occurring in about 1 in 300 children, hypertrophic pyloric
stenosis (HPS) is five times more likely to occur in males than
in females. When a child with HPS is born, the recurrence risk
in future progeny is 5% to 10% for males and 1.5% to 2% for
females. In adulthood, the risk of an affected male having an
affected child is markedly increased over the general popula-
tion: 4% of sons and 1% of daughters of such men would be
likely to be affected. Even more striking is the risk to children
born to affected females: 17% to 20% of sons and 7% of daugh-
ters are affected.

The thickness of the pyloric muscle may be distributed
across a bell-shaped curve; the position on the bell-shaped
curve is determined by many factors, including the expression
of multiple, unknown genes. HPS may result when an individ-
ual’s genetic and environmental influences cause him or her to
fall to an extreme position on this curve, past a certain point,
which is called a threshold. In HPS, this threshold is farther to
the left for males than it is for females.

Neural Tube Defects
Before 1998, myelomeningocele affected 1 in 1000 liveborn
infants in the United States. Anencephaly occurred with a simi-
lar frequency, although most infants were either stillborn or died
in the neonatal period. Since 1998, because of the supplementa-
tion of food staples with folic acid, both of these conditions have
become far less frequent. Multiple genetic and nongenetic factors
dictate the speed with which the neural tube closes, as follows:

1. The frequency of neural tube defects (NTDs) varies
greatly in different ethnic groups. NTDs are more
common in the British Isles, where, in 1990, they occurred
in 1 in 250 live births, and far less common in Asia, where
the frequency was 1 in 4000. These ethnic differences
suggest a genetic component.

2. Couples from the British Isles who move to the United
States have a risk intermediate between the risks in the
United Kingdom and the United States, suggesting an
environmental component.

3. The occurrence of NTDs exhibits seasonality. In the
United States, affected infants are more likely to be born
during late fall and early winter, again suggesting an
environmental component.

4. Periconceptual supplementation with folic acid has
significantly lowered the risk of having an infant
with an NTD. This nutritional influence suggests an
environmental component.

5. Parents who have one child with an NTD are 20 to 40
times more likely to have a second affected child; this
provides further evidence of a genetic component.

Disorders with Unusual Patterns

of Inheritance

Mitochondrial Inheritance

Human cells contain non-nuclear DNA; a single chromosome
is present in each mitochondrion, and mutations within this
DNA are associated with a group of diseases.

Mitochondrial DNA (mtDNA), which is circular and
16.5 kb in length, replicates independently of nuclear DNA.
Involved in energy production used to run the cell, mtDNA
codes for a few respiratory chain proteins (most mitochondrial
proteins are coded on nuclear DNA) and for a set of transfer
RNAs unique to mitochondrial protein synthesis. Virtually all
mitochondria are supplied by the oocyte, which means that
mtDNA is maternally derived. A woman with a mutation in
mtDNA passes this mutation to all of her children. More than
one population of mitochondria may be present in the oocyte,
a phenomenon called heteroplasmy. The mtDNA mutation
may be present in a few or many mitochondria. When the
fertilized egg divides, mitochondria are distributed randomly.
The presence of symptoms in the offspring, and their severity,
depends on the ratio of mutant to wild-type mtDNA present
in a particular tissue. If an abundance of mutant mitochon-
dria exists in tissue that has high energy requirements (brain,
muscle, and liver), clinical symptoms occur. If fewer mutant
mitochondria are present, few clinical symptoms may be seen.

MELAS (mitochondrial encephalomyopathy with lactic
acidosis and strokelike episodes) is an example of a mito-
chondrial disorder. Normal in early childhood, individuals
affected with MELAS develop episodic vomiting, seizures, and
recurrent cerebral insults that resemble strokes between 5 and
10 years of age. In 80% of cases, analysis of the mtDNA reveals
a specific mutation (A3242G) in MTTL1, a gene that codes for
a mitochondrial transfer RNA.

In families in which MELAS occurs, a range of symptoms is
seen in first-degree relatives, including progressive external
ophthalmoplegia, hearing loss, cardiomyopathy, and diabe-
tes mellitus. Although all offspring of a woman who carries
a mutation would be affected, because of heteroplasmy, the
severity of disease varies, depending on the percentage of
mitochondria bearing the mutation that are present.

Uniparental Disomy

Evaluation of a child with uniparental disomy (UPD) reveals
a normal karyotype. However, chromosomal markers for one
particular chromosome are identical to the markers found on
the chromosomes of the patient’s mother or father (but not
both). In UPD, the individual inherits two copies of one par-
ent’s chromosome and no copy from the other parent.

UPD probably occurs through a few mechanisms, but the
most common results from a spontaneous rescue mechanism.
At the time of conception, through nondisjunction, the fer-
tilized egg is trisomic for a particular chromosome, with two
copies of one parent’s chromosome and one copy of the other
parent’s chromosome; conceptuses with trisomy often mis-
carry early in development. Fetuses with UPD survive because
they spontaneously lose one of three copies of the affected
chromosome. If the single chromosome from one parent is
lost, the patient has UPD.

An alternate explanation involves monosomy for a chro-
mosome rather than trisomy. Had the conceptus, at the time
of conception, inherited only a single copy of a chromosome,
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spontaneous duplication of the single chromosome would
lead to UPD.

Prader-Willi and Angelman Syndromes
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Prader-Willi syndrome (PWS), which occurs in approxi-
mately 1 in 10,000 infants, is characterized by hypotonia of
prenatal onset; postnatal growth delay; a characteristic appear-
ance, including almond-shaped eyes and small hands and feet;
developmental disability; hypogonadotropic hypogonadism;
and obesity after infancy. Early in life, affected infants are so
hypotonic that they cannot consume enough calories to main-
tain their weight. Nasogastric feeding is invariably necessary,
and failure to thrive is common. During the first year of life,
muscle tone improves and children develop a voracious appe-
tite. Some 60% to 70% of individuals with PWS have a small
deletion of chromosome 15 (15q11). In individuals without a
deletion, 20% have UPD of chromosome 15.

Angelman syndrome (AS) is a condition with moderate to
severe mental retardation, absence of speech, ataxic movements
of the arms and legs, a characteristic craniofacial appearance,
and a seizure disorder that is characterized by inappropriate
laughter. AS is also characterized by a deletion in the 15q11
region in 70% of affected individuals; UPD for chromosome
15 can be demonstrated in approximately 10% of AS patients.

If the deletion occurs in paternal chromosome 15, the
affected individual has PWS, whereas AS results from a dele-
tion occurring only in the maternal chromosome 15. When
UPD is responsible, maternal UPD results in PWS, whereas
paternal UPD results in AS. To summarize, if a copy of pater-
nal chromosome 15q11.2 is lacking, PWS occurs; if maternal
chromosome 15q11.2 is lacking, AS results.

This phenomenon is explained by genomic imprinting.
Imprinting is an epigenetic phenomenon, a nonheritable
change in the DNA that causes an alteration in gene expression
based on parental origin of the gene. PWS is caused by defi-
ciency of the protein product of the gene SNRPN (small nuclear
ribonucleoprotein). Although present on both maternally and
paternally derived chromosome 15, SNRPN is expressed only
in the paternally derived chromosome. Expression is blocked in
the maternal chromosome because the bases of the open reading
frame are methylated; this physical change in the DNA prevents
gene expression. PWS results whenever a paternal chromosome
15 is missing, either through deletion or through UPD.

AS results from a lack of expression of ubiquitin-pro-
tein ligase E3A (UBE3A), a second gene in the chromosome
15q11.2 region. UBE3A is normally expressed only in the
maternally derived chromosome 15. Although present in
paternal chromosome 15, UBE3A is methylated, and gene
expression is blocked. Therefore, if either the critical region of
maternal chromosome 15 is deleted, or paternal UPD occurs,
the individual will manifest symptoms of AS.

Expansion of a Trinucleotide Repeat
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Ataxia

More than 50% of human DNA appears as repeat sequences,
two or three bases repeated over and over again. Disorders
caused by expansion of trinucleotide repeats include Frag-
ile X syndrome, Huntington disease, myotonic dystrophy,
Friedreich ataxia, and the spinocerebellar ataxias. Although
an increase in the number of the three repeated bases is at the
heart of each disorder, the molecular mechanism differs.

Fragile X syndrome (FRAX), which occurs with a fre-
quency of approximately 1 in 2000 children, is the most com-
mon cause of inherited intellectual disability. Features include
characteristic craniofacial findings (large head; prominent
forehead, jaw, and ears); macro-orchidism with testicular
volume twice normal in adulthood; a mild connective tissue
disorder, including joint laxity, patulous eustachian tubes, and
mitral valve prolapse; and a characteristic neurobehavioral
profile, including intellectual disability (ranging from mild to
profound) and autism spectrum disorders.

Positional cloning in the Xq27 region identified a triplet
repeat region composed of one cytosine and two guanine
residues (CGG). These repeats occur in the CpG island, a
part of the promoter region of a gene that has been called
FMRI. Unaffected individuals who have no family history
of FRAX have 0 to 45 CGG repeats (most have 25 to 35). In
individuals with FRAX, the number of repeats is greater than
200; such people are said to have a full mutation. Between
these two categories, a third group has 56 to 200 repeats;
always phenotypically normal, these individuals are premu-
tation carriers.

FRAX results from a failure to express FMRP, the protein
product of the FMRI gene. “Fragile X Mental Retardation
Protein” (FMRP) shuttles mRNA between the nucleus and
cytoplasm in the central nervous system and other areas (e.g.,
the developing testis) during early embryonic development.
Although FMRP is produced in unaffected individuals and
premutation carriers, in those with the full mutation, FMRP
transcription of the protein is blocked because the large
number of CGG repeats in the CPG island become methyl-
ated (an epigenetic phenomenon). Thus, FRAX occurs as a
consequence of a loss-of-function mutation—the failure of
expression of FMRP because of methylation of the promoter
sequence.

In female premutation carriers, an expansion in the num-
ber of repeats from the premutation to the full mutation range
may occur during gametogenesis. The cause of this expan-
sion is not understood. Although these females do not have
symptoms and signs of FRAX, premutation carriers may man-
ifest premature ovarian failure and/or a neurologic condition
known as fragile X tremor/ataxia syndrome later in life.

TERATOGENIC AGENTS

Approximately 6.5% of all birth defects are attributed to
teratogens—chemical, physical, or biologic agents that have
the potential to damage embryonic tissue and result in con-
genital malformations. Agents known to be teratogenic
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include drugs (prescription and nonprescription); intrauter-
ine infections (rubella); maternal diseases, such as diabetes
mellitus; and environmental substances, such as alcohol and
heavy metals. Knowledge of teratogenic agents and their effect
on the developing fetus is important, because limiting expo-
sure to these agents is an effective way to prevent birth defects
(see Chapters 58, 59, and 60).

Maternal Infections

Rubella was the first maternal infection known to cause a pat-
tern of malformations in fetuses affected in utero. Cytomeg-
alovirus, Toxoplasma gondii, herpes simplex, and varicella
are additional potentially teratogenic in utero infections (see
Chapter 66).

Maternal Disease

Maternal diabetes mellitus and maternal phenylketonuria
can result in congenital anomalies in the fetus. Strict control
of these disorders before and during pregnancy protects the
developing child (see Chapter 59).

Medications and Chemicals
Fetal alcohol spectrum disorder, which occurs in 10 to 20
per 1000 children, may be the most common teratogenic syn-
drome. Features include prenatal and postnatal growth defi-
ciency, developmental disabilities, microcephaly, skeletal and
cardiac anomalies, and a characteristic facial appearance. To
cause the full-blown fetal alcohol syndrome, pregnant women
must drink alcohol throughout the pregnancy. Lesser con-
sumption during all or part of the gestation will lead to milder
symptoms.

Warfarin, retinoic acid, and phenytoin are additional terato-
genic agents (see Chapter 59).

Radiation

High-dose radiation exposure during pregnancy in Hiroshima
and Nagasaki, Japan, was shown to increase the rate of sponta-
neous abortion and result in children born with microcephaly,
mental retardation, and skeletal malformations. Estimates of
exposure to cause these effects were approximately 25 rad. The
dose from routine radiologic diagnostic examinations is in the
millirad range.

GENETIC ASSESSMENT

Individuals referred to a geneticist because of suspicion of a
genetic disorder are called probands; individuals who come
for genetic counseling are consultands. Referral for genetic
evaluation may be made for a wide variety of reasons and at
different stages of life (fetus, neonate, childhood, pregnancy).

PRECONCEPTION AND PRENATAL
COUNSELING

Familial Factors

Families with relatives affected with genetic disorders may
have questions about how a disorder is inherited. The inher-
itance pattern and the risk of having an affected child can be
discussed with a geneticist.

In some cultures, it is common for relatives to mate. This
relatedness or consanguinity does not increase the likelihood
of offspring having any particular single genetic disorder, but
it may increase the chance that a child will be born with a rare
autosomal recessive (AR) condition, as the mutated gene seg-
regates through that family. Generally, the closer the relation
between the partners, the greater the chance that the couple
shares one or more mutated genes in common, increasing the
risk that offspring will have an AR disorder. The risk of first
cousins producing a child with an AR disorder is 1 in 64. In
evaluating these couples, it is important to determine which
ethnic group they belong to and to test for conditions com-
monly found in that group.

Screening

It is common for couples to be screened for disorders that may
occur more commonly in their particular ethnic group. People
of Ashkenazi Jewish background may choose to be screened
for heterozygosity for a panel of AR disorders, including
Tay-Sachs disease, Niemann-Pick disease, Bloom syndrome,
Canavan disease, Gaucher syndrome, cystic fibrosis, Fanconi
anemia, and familial dysautonomia. People of African-Ameri-
can ancestry may choose to be screened for sickle cell anemia.
People whose ancestors originated in the Mediterranean basin
may be screened for thalassemia.

Historically, prenatal screening involved maternal serum
screening for a-fetoprotein (AFP), a protein secreted during
fetal life by the liver, gastrointestinal tract, and yolk sac. Some
of the AFP crosses the placenta and enters the maternal cir-
culation. Although maternal serum screening was initially
used to detect high levels of AFP associated with neural tube
defects (NTDs) and the disruption of fetal integument such
as omphalocele or gastroschisis, low levels of AFP were found
to be associated with fetal aneuploidy. Approximately 50% of
fetuses with autosomal trisomies (Down syndrome, trisomy
18, trisomy 13) will be detected by low maternal serum AFP
levels. Three other proteins—unconjugated estriol (uE3),
inhibin A, and human chorionic gonadotropin (HCG)—were
added to the maternal serum screening to create the quad
screen. The addition of these compounds increased the detec-
tion rate to about 80%.

The quad screen is done in the second trimester. During
the first trimester, measurement of a fluid collection of the
posterior neck of the developing fetus is termed nuchal
translucency. An increase in the nuchal translucency is a
marker for chromosomal anomalies as well as genetic and
structural abnormalities in the fetus. This association pro-
vided a noninvasive first trimester marker. Once standard-
ization of nuchal translucency measurements was done,
the detection rate for aneuploidy approached 70%. Test-
ing for abnormalities with two first trimester analytes, free
B-HCG and PAPP-A (pregnancy associated plasma protein)
has enhanced first trimester screening to a detection rate of
almost 90%.
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Although the risk of nondisjunction resulting in aneu-
ploidy rises as a woman gets older (and more so for women
older than 35 years of age), all pregnant women should be
individually counseled as to their risk for aneuploidy and
other fetal abnormalities. A combination of first and second
trimester screening together with the women’s age produces
an individualized risk factor. It is important to emphasize
that both of these first and second trimester screening tests
are just screens to identify increased risk. If this risk is high,
or if there is concern about fetal anomalies from family his-
tory, ultrasound, or serum screening, then a more definitive
test, either chorionic villus sampling (CVS) or amniocente-
sis, is offered as further testing. Fetal cells are usually tested
for chromosomal abnormalities by cytogenetic techniques,
but the use of chromosomal microarray is becoming more
common. Biochemical testing for a known family history of
an inherited metabolic disorder can also be done on the fetal
cells, as well as molecular screening for familial mutations for
known disorders

Historically, serum screening has required the use of inva-
sive testing follow-up to confirm findings. Because invasive
testing carries a small but real risk of pregnancy loss, many
women were not willing to submit to an amniocentesis or
CVS. What has been needed is a noninvasive definitive test,
one in which fetal risk is negligible. Recently, the search for
such a noninvasive test has been successful.

Prenatal diagnosis using cell-free fetal DNA in maternal
blood offers the ability to detect trisomies in fetuses using
nothing more than a sample of the mother’s blood. Although
still in the research stage, this technique is being piloted in
high-risk pregnancies.

It is common for pregnant women to have a screening sono-
gram at 18 weeks’ gestation. An anatomy scan is done to look
for congenital anomalies. Brain, heart, kidneys, lungs, and
spine are examined.

Maternal Factors

The presence of either acute or chronic maternal illness during
pregnancy may lead to complications in the developing fetus.
Chronic conditions may expose the fetus to maternal medi-
cations that are potentially teratogenic. Acute illnesses such
as varicella, Lyme disease, and cytomegalovirus expose the
fetus to infectious agents that may cause birth defects. Other
factors, such as maternal smoking, alcohol use, and mater-
nal exposure to radiation or chemicals, also may necessitate
genetic counseling.

Postnatal—Newborn and Infant

Two percent to four percent of newborns have a genetic abnor-
mality or birth defect. This broad definition of a birth defect
includes not only a visible malformation but also functional
defects that might not be apparent at birth.

Birth defects have a significant impact on childhood mor-
bidity and mortality. Almost 11% of childhood deaths can be
traced to a genetic cause. If contributing genetic factors related
to childhood deaths are considered, this increases to almost
25%. Consultation with a geneticist for a newborn or infant
may be prompted by many different findings, including the
presence of a malformation, abnormal results on a routine
newborn screening test, abnormalities in growth (e.g., failure

to gain weight, increase in length, or abnormal head growth),
developmental delay, blindness or deafness, and the knowl-
edge of a family history of a genetic disorder or chromosomal
abnormality or (as a result of prenatal testing) the presence of
a genetic disorder or chromosomal abnormality in the infant.

Adolescent and Adult

Adolescents and adults may be seen by a geneticist for eval-
uation of a genetic disorder that has late onset. Some neu-
rodegenerative disorders, such as Huntington disease and
adult-onset spinal muscular atrophy, present later in life. Some
forms of hereditary blindness (retinal degenerative diseases)
and deafness (Usher syndrome, neurofibromatosis type 2)
may not show significant symptoms until adolescence or
early adulthood. Genetic consultation also may be prompted
for a known family history of a hereditary cancer syndrome
(breast, thyroid, colon, and ovarian cancers). Individuals may
wish to have testing done to determine if they carry a mutation
for these syndromes and would be at risk for developing cer-
tain types of cancers. A known family history or personal his-
tory of a genetic disorder or chromosomal abnormality might
prompt testing in anticipation of pregnancy planning.

GENERAL APPROACH TO PATIENTS

Family History

A pedigree usually is drawn to help visualize various inher-
itance patterns. Answers to questions about the family help
determine if there is an autosomal dominant, AR, X-linked, or
sporadic disorder. When a child is affected with the new onset
of an AD disorder, it is necessary to closely examine the par-
ents to check for the presence of manifestations. If the parents
are unaffected, the child’s condition is most likely the result
of a new mutation; the risk of recurrence is extremely low
(although not 0, because of the possibility of gonadal mosa-
icism in one of the parents). When one parent is affected (even
mildly so due to varying penetrance), the recurrence risk rises
to 50%. With X-linked disorders, the focus is on the maternal
family history to determine if there is a significant enough risk
to warrant testing.

Questions about the couple’s age are important to ascertain
the risk related to maternal age for chromosome abnormal-
ities and paternal age for new mutations leading to AD and
X-linked disorders. A history of more than two spontaneous
abortions increases the risk that one of the parents has a bal-
anced translocation and the spontaneous abortions are due to
chromosomal abnormalities in the fetus.

Pregnancy

During a genetic consultation, it is important to gather infor-
mation about the pregnancy (see Chapters 58, 59, and 60).
A maternal history of a chronic medical condition, such as a
seizure disorder or diabetes, has known consequences in the
fetus. Medication used in pregnancy can be teratogenic; the
pregnant woman’s exposure to toxic chemicals (work related)
or use of alcohol, cigarettes, or drugs of abuse can have seri-
ous effects on the developing fetus. Maternal infection during
pregnancy with varicella, Toxoplasma, cytomegalovirus, and
parvovirus B19, among others, has been found to cause mal-
formations in the fetus.
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Follow-up is needed if an amniocentesis or CVS reveals
abnormal results. A fetal ultrasound may detect a malfor-
mation that needs follow-up when the infant is born. Often
hydronephrosis is detected prenatally. These infants need a
repeat ultrasound soon after birth.

Delivery and Birth

An infant born prematurely is likely to have more complica-
tions than a term infant. An infant can be small, appropriate,
or large for his or her gestational age; each of these has impli-
cations for the child (see Chapters 58, 59, and 60). In general,
the finding that an infant is small for gestational age is sugges-
tive of exposure to a teratogen or the presence of a chromo-
somal abnormality.

Medical History

Children with inborn errors of metabolism who have intermit-
tent symptoms often have a history of multiple hospitalizations
for dehydration or vomiting. Children with neuromuscular
disorders may have a normal period followed by increasing
weakness or ataxia. Children with lysosomal storage diseases,
such as the mucopolysaccharidoses, often have recurrent ear
infections and can develop sleep apnea.

Development

Many genetic disorders are associated with developmental dis-
abilities. However, the onset of the disability may not always
be present from the newborn period; many inborn errors
of metabolism, including storage disorders, cause develop-
mental manifestations after a period of normal development
(see Chapters 7 and 8). Some adult-onset disorders have no
symptoms until the teens or later. Assessing school problems
is important. The type of learning problem, age at onset, and
whether there is improvement with intervention or continued
decline all are important for proper assessment.

Physical Examination

A careful and thorough physical examination is necessary for
all patients with signs, symptoms, or suspicion of genetic dis-
ease. Sometimes subtle clues may lead to an unsuspected diag-
nosis. Features suggestive of a syndrome are discussed in more
detail in Chapter 50.

Laboratory Evaluation
Chromosome Analysis
An individual’s chromosomal material, known as the karyotype,
can be analyzed using cells capable of dividing. In pediatrics, lym-
phocytes obtained from peripheral blood are the usual source for
such cells, but cells obtained from bone marrow aspiration, skin
biopsy (fibroblasts), or, prenatally, from amniotic fluid or chori-
onic villi also can be used. Cells are placed in culture medium and
stimulated to grow, their division is arrested in either metaphase
or prophase, slides are made, the chromosomes are stained with
Giemsa or other dyes, and the chromosomes are analyzed.

In metaphase, chromosomes are short, squat, and easy to
count. Metaphase analysis should be ordered in children
whose features suggest a known aneuploidy syndrome, such as

a trisomy or monosomy. Chromosomes analyzed in prophase
are long, thin, and drawn out; analysis gives far more details
than are seen in metaphase preparations. Prophase analysis
is ordered in individuals with multiple congenital anomalies
without an obvious disorder.

Fluorescent In Situ Hybridization

Fluorescent in situ hybridization (FISH) allows the identifica-
tion of the presence or absence of a specific region of DNA. A
complementary DNA probe specific for the region in question
is generated, and a fluorescent marker is attached. The probe
is incubated with cells from the subject and viewed under a
microscope. The bound probe fluoresces, allowing the number
of copies of the DNA segment in question to be counted. This
technique is useful in Prader-Willi syndrome and Angelman
syndrome, in which a deletion in a segment of 15q11.2 occurs,
and in velocardiofacial (DiGeorge) syndrome, which is associ-
ated with a deletion of 22q11.2.

Microarray Comparative Genomic Hybridization
Microarray comparative genomic hybridization (array CGH)
has supplanted prophase analysis in cases in which a subtle
chromosomal deletion or duplication (copy number variant) is
suspected. In array CGH, DNA from the individual being stud-
ied and a normal control is labeled with fluorescent markers
and hybridized to thousands of FISH-like probes for sequences
spread around the genome. The probes are derived from known
genes and noncoding regions. By analyzing the ratio of intensity
of the fluorescent marker at each site, it is possible to determine
whether the individual in question has any difference in copy
number compared with the control DNA.

Direct DNA Analysis

Direct DNA analysis allows identification of mutations in a
growing number of genetic disorders. Using polymerase chain
reaction, the specific gene in question can be amplified and
analyzed. The website www.genetests.org lists disorders in
which direct DNA analysis is available and identifies laborato-
ries performing such testing.

CHROMOSOMAL
DISORDERS

Errors that occur in meiosis during the production of gam-
etes can lead to abnormalities of chromosome structure or
number. Syndromes caused by chromosomal abnormalities
include trisomy 21 (Down syndrome or DS), trisomy 13, tri-
somy 18, Turner syndrome (TS), and Klinefelter syndrome
(KS), as well as rarer chromosomal duplications, deletions,
or inversions.
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Chromosomal abnormalities occur in approximately 8% of
fertilized ova but in only 0.6% of liveborn infants. Fifty per-
cent of spontaneous abortuses have chromosomal abnormal-
ities, the most common being 45,X (TS); an estimated 99% of
45X fetuses are spontaneously aborted. The fetal loss rate for
DS, the most viable of the autosomal aneuploidies, approaches
80%. Most other chromosomal abnormalities also adversely
affect fetal viability. In newborns and older children, features
that suggest the presence of a chromosome anomaly include
low birth weight (small for gestational age), failure to thrive,
developmental delay, and the presence of three or more con-
genital malformations.

ABNORMALITIES IN NUMBER

(ANEUPLOIDY)

During meiosis or mitosis, failure of a chromosomal pair to
separate properly results in nondisjunction. Aneuploidy is a
change in the number of chromosomes that results from non-
disjunction. A cell may have one (monosomy) or three (tri-
somy) copies of a particular chromosome.

Trisomies
Down Syndrome

< Decision-Making Algorithms
¢ Available @ StudentConsult.com

Stiff or Painful Neck
Hypotonia and Weakness
Pancytopenia

DS is the most common abnormality of chromosomal num-
ber. It occurs in 1 of every 1000 births. Most cases (92.5%)
are due to nondisjunction; in 68%, the nondysjunctional
event occurs in maternal meiosis phase 1. As a result of
nondisjunction, there are three copies of chromosome 21
(trisomy 21); using standard cytogenetic nomenclature,
trisomy 21 is designated 47,XX,+21 or 47,XY,+21. In 4.5%
of cases, the extra chromosome is part of a robertsonian
translocation, which occurs when the long arms (q) of two
acrocentric chromosomes (numbers 13, 14, 15, 21, or 22)
fuse at the centromeres, and the short arms (p), contain-
ing copies of ribosomal RNA, are lost. The most common
robertsonian translocation leading to DS involves chromo-
somes 14 and 21; standard nomenclature is 46,XX,t(14q21q)
or 46,XY,t(14q21q). The parents of DS infants with trans-
locations should have a karyotype to exclude a balanced
translocation.

In approximately 1% to 2% of children with DS, mosaicism
occurs. These individuals have two populations of cells: one
with trisomy 21 and one with a normal chromosome com-
plement. Mosaicism results from a either a nondisjunctional
event that occurs after fertilization and after a few cell divi-
sions, or from trisomic rescue. The loss of this aneuploidy
returns the cell to 46,XX or 46,XY. In either case, the indi-
vidual is referred to as a mosaic for these two populations of
cells and is designated 47,XX, +21/46XX or 47,XY,+21/46,XY.
Although it is widely believed that individuals with mosaic DS
are more mildly affected, there are wide variations in the clin-
ical findings.

Children with DS are most likely diagnosed in the newborn
period. These infants tend to have normal birth weight and
length, but are hypotonic. The characteristic facial appearance,
with brachycephaly, flattened occiput, hypoplastic midface, flat-
tened nasal bridge, upslanting palpebral fissures, epicanthal folds,
and large protruding tongue, is apparent at birth. Infants also have
short broad hands, often with a single transverse palmar crease,
and a wide gap between the first and second toes. The severe
hypotonia may cause feeding problems and decreased activity.

Approximately 50% of children with DS have congenital
heart disease, including atrioventricular canal, ventriculosep-
tal or atrioseptal defects, and valvular disease. Approximately
10% of newborns with DS have gastrointestinal tract anom-
alies. The three most common defects are duodenal atresia,
annular pancreas, and imperforate anus.

Four percent to 18% of infants with DS are found to have
congenital hypothyroidism, which is identified as part of the
newborn screening program. Acquired hypothyroidism is
a more common problem. Thyroid function testing must be
monitored periodically during the childs life.

Polycythemia at birth (hematocrit levels >70%) is com-
mon and may require treatment. Some infants with DS show
a leukemoid reaction, with markedly elevated white blood cell
counts. Although this resembles congenital leukemia, it is a
self-limited condition, resolving on its own over the first month
of life. Nonetheless, children with DS also have an increased
risk of leukemia, with a 10- to 20-fold increase in risk com-
pared with individuals without DS. In children with DS younger
than 2 year of age, the type is generally acute megakaryoblastic
leukemia; in individuals older than 3 years of age, the types of
leukemia are similar to those of other children, with acute lym-
phoblastic leukemia being the predominant type.

Children with DS are more susceptible to infection, more
likely to develop cataracts, and approximately 10% have atlan-
toaxial instability, an increased distance between the first and
second cervical vertebrae that may predispose to spinal cord
injury. Many individuals older than 35 years of age develop
Alzheimer-like features.

The recurrence risk for parents who have had a child with
DS depends on the child’s cytogenetic findings. If the child has
trisomy 21, the empiric recurrence risk is 1% (added to the
age-specific risk for women up to 40 years of age; after 40, the
age-specific risk alone is used for subsequent pregnancies). If
the child has a robertsonian translocation, chromosomal anal-
ysis of both parents must be performed. In approximately 65%
of cases, the translocation is found to have arisen de novo (i.e.,
spontaneously, with both parents having normal karyotypes),
and in 35% of cases, one parent has a balanced translocation.
The recurrence risk depends on which parent is the carrier: if
the mother is the carrier, the risk is 10% to 15%; if the father is
the carrier, the recurrence risk is 2% to 5%.

Trisomy 18

Trisomy 18 (47,XX,+18 or 47,XY,+18) is the second most com-
mon autosomal trisomy, occurring in approximately 1 in 7500
live births. More than 95% of conceptuses with trisomy 18
are spontaneously aborted in the first trimester. Trisomy 18 is
usually lethal; fewer than 10% of affected infants survive until
their first birthday. Most infants with trisomy 18 are small for
gestational age. Clinical features include hypertonia, promi-
nent occiput, micrognathia, low-set and malformed ears, short
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Possible Clinical Findings in Trisomy 13

Table 49-1
and Trisomy 18

TRISOMY 13 TRISOMY 18

Head and  Scalp defects (e.g., cutis  Small and premature

face aplasia) appearance
Microphthalmia, corneal  Tight palpebral fissures
abnormalities Narrow nose and
Cleft lip and palate in hypoplastic nasal alae
60%-80% of cases Narrow bifrontal diameter
Microcephaly Prominent occiput
Sloping forehead Micrognathia
Holoprosencephaly Cleft lip or palate
(arrhinencephaly)
Capillary hemangiomas
Deafness

Chest Congenital heart disease  Congenital heart disease
(e.g., VSD, PDA, and (e.g., VSD, PDA, and ASD)
ASD) in 80% of cases Short sternum, small
Thin posterior ribs nipples
(missing ribs)

Extremities Overlapping of fingers Limited hip abduction
and toes (clinodactyly) Clinodactyly and
Polydactyly overlapping fingers; index
Hypoplastic nails, over third, fifth over fourth
hyperconvex nails Rocker-bottom feet

Hypoplastic nails
General Severe developmental Severe developmental

delays and prenatal
and postnatal growth
retardation
Premature birth,
polyhydramnios
Inguinal or abdominal
hernias

Only 5% live >1yr

delays and prenatal
and postnatal growth
retardation

Renal abnormalities
Nuclear projections in
neutrophils

Only 5% live >6 mo

ASD, Atrial septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal
defect.

sternum, rocker-bottom feet, hypoplastic nails, and character-
istic clenching of fists—the second and fifth digits overlap the
third and fourth digits (Table 49-1).

Trisomy 13
The third of the common trisomies, trisomy 13 (47,XX,+13 or
47,XY,+13) occurs in 1 in 12,000 live births. It is usually fatal in
the first year of life; only 8.6% of infants survive beyond their
first birthday.

Infants with trisomy 13 have numerous malformations (see
Table 49-1). These infants are small for gestational age and
microcephalic. Midline facial defects such as cyclopia (single
orbit), cebocephaly (single nostril), and cleft lip and palate are
common, as are midline central nervous system anomalies, such
as alobar holoprosencephaly. The forehead is generally sloping,
ears are often small and malformed, and microphthalmia or
anophthalmia may occur. Postaxial polydactyly of the hands is
common, as is clubfeet or rocker-bottom feet. Hypospadias and
cryptorchidism are common in boys, whereas girls generally
have hypoplasia of the labia minora. Most infants with trisomy
13 also have congenital heart disease. Many infants with this
condition have a punched-out scalp lesion over the occiput
called aplasia cutis congenita; when seen in conjunction with
polydactyly and some or all of the facial findings, this finding
is essentially pathognomonic for the diagnosis of trisomy 13.

Klinefelter Syndrome

< Decision-Making Algorithms
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Short Stature
Pubertal Delay
Gynecomastia

Occurring in 1 in 500 male births, KS is the most common
genetic cause of hypogonadism and infertility in men. It is caused
by the presence of an extra X chromosome (47,XXY) (see Chap-
ter 174). The extra X chromosome arises from a nondisjunction
in either the sperm or the egg. About 15% of boys with features
of KS are found to be mosaic, with 46,XY/47,XXY mosaicism
being the most common. Before puberty, boys with KS are phe-
notypically indistinguishable from the rest of the population.
The diagnosis is often made when the boy is 15 or 16 years of
age. At that point, the finding of the progressive development
of pubic and axillary hair in the presence of testes that remain
infantile in volume should alert the clinician to the disorder.
Adolescents and young adults with KS tend to be tall, with long
limbs. During adolescence or adulthood, gynecomastia occurs.
Because of failure of growth and maturation of the testes,
males with KS have testosterone deficiency and failure to pro-
duce viable sperm. Low production of testicular testosterone
results in failure to develop later secondary sexual character-
istics, such as facial hair, deepening of the voice, and libido. In
adulthood, osteopenia and osteoporosis develop. Because of
these findings, testosterone supplementation is indicated.
Most men with KS are infertile because they produce few
viable sperm. Through the use of isolation of viable sperm
through testicular biopsy, coupled with in vitro fertilization
and intracytoplasmic sperm injection, it is possible for men
with KS to father children; all children born to these men using
this technology have had a normal chromosome complement.

Monosomies
Turner Syndrome

> Decision-Making Algorithms
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Amenorrhea
Short Stature
Pubertal Delay
Obesity

TS is the only condition in which a monosomic conceptus
survives to term; however, 99% of embryos with 45,X are
spontaneously aborted. The most common aneuploidy found
in conceptuses (accounting for 1.4%,), 45,X is seen in 13% of
first-trimester pregnancy losses. Occurring in 1 in 3200 live-
born females, TS is notable for its spectrum of relatively mild
physical and developmental findings. Affected women tend to
have normal intelligence and life expectancy.

Females with TS typically have a characteristic facial appear-
ance with low-set, mildly malformed ears, triangular face, flat-
tened nasal bridge, and epicanthal folds. There is webbing of
the neck, with or without cystic hygroma, a shield-like chest
with widened internipple distance, and puffiness of the hands



Chapter 49 ¢ Chromosomal Disorders 159

and feet. Internal malformations may include congenital heart
defect (in 45%, coarctation of the aorta is the most common
anomaly, followed by bicuspid aortic valve; later in life, post-
stenotic aortic dilation with aneurysm may develop). Renal
anomalies, including horseshoe kidney, are seen in more than
50% of patients. Short stature is a cardinal feature of this con-
dition, and acquired hypothyroidism is estimated to occur five
times more frequently in women with TS than in the general
population.

The presence of streak gonads (gonadal dysgenesis) instead
of well-developed ovaries leads to estrogen deficiency, which
prevents these women from developing secondary sexual
characteristics and results in amenorrhea. Although 10% of
women with TS may have normal pubertal development and
are even fertile, most affected women require estrogen replace-
ment to complete secondary sexual development.

Infertility in these women is not corrected by estrogen replace-
ment. Assisted reproductive technology using donor ova has
allowed women with TS to bear children. During pregnancy,
these women must be followed carefully, because poststenotic
dilatation of the aorta, leading to dissecting aneurysm, may occur.

Many girls with TS escape detection during the newborn
period because phenotypic features are subtle. About 33% of
children with TS are diagnosed in the newborn period because
of the presence of heart disease and physical features; another
33% are diagnosed in childhood, often during a workup for
short stature (and receive growth hormone therapy); the
final 33% are diagnosed during adolescence when they fail to
develop secondary sexual characteristics.

The karyotypic spectrum in girls with TS is wide. Only
50% have a 45,X karyotype; 15% have an isochromosome Xq
[46,X,i(Xq)], in which one X chromosome is represented by
two copies of the long arm (leading to a trisomy of Xq and
a monosomy of Xp); and approximately 25% are mosaic
(45,X/46,XX or 45,X/46,XY). Deletions involving the short (p)
arm of the X chromosome (Xp22) produce short stature and
congenital malformations, whereas deletions of the long arm
(Xq) cause gonadal dysgenesis.

Although monosomy X is caused by nondisjunction, TS
is not associated with advanced maternal age. Rather, it is
believed that the 45,X karyotype results from a loss of either an
X oraY chromosome after conception; that is, it is a postcon-
ceptual mitotic (rather than meiotic) nondisjunctional event.

SYNDROMES INVOLVING
CHROMOSOMAL DELETIONS
Cri du Chat Syndrome
A deletion in the short arm of chromosome 5 is responsible for
cri du chat syndrome, with its characteristic catlike cry during
early infancy, the result of tracheal hypoplasia. Other clini-
cal features include low birth weight and postnatal failure to
thrive, hypotonia, developmental disability, microcephaly, and
craniofacial dysmorphism, including ocular hypertelorism,
epicanthal folds, downward obliquity of the palpebral fissures,
and low-set malformed ears. Clefts of the lip and palate, con-
genital heart disease, and other malformations may be seen.
The clinical severity of cri du chat syndrome depends on the
size of the chromosomal deletion. Larger deletions are asso-
ciated with more severe expression. Most cases arise de novo;
the deletion is usually in the chromosome 5 inherited from the
father.

Williams Syndrome

= Decision-Making Algorithm
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Hypercalcemia

Williams syndrome is due to a small deletion of chromosome
7q11.2. Congenital heart disease is seen in 80% of affected
children, with supravalvar aortic-valve and pulmonic-valve
stenosis and peripheral pulmonic stenosis being the most
common anomalies. Although these children often have
normal birth weight, they have growth delay, manifesting
short stature. They have a distinctive facial appearance (“elfin
facies”), with median flare of the eyebrows, fullness of the peri-
oral and periorbital region, blue irides with a stellate pattern
of pigment, and depressed nasal bridge with anteversion of
the nares. Moderate intellectual disability (average IQ in the
50 to 60 range) is common, but developmental testing reveals
strength in personal social skills and deficiencies in cognitive
areas. Hypercalcemia is present in neonates.

Individuals with Williams syndrome often have a striking
personality. Loquacious and gregarious, they are frequently
described as having a cocktail party personality. However,
approximately 10% of children with Williams syndrome have
features of autism spectrum disorder. Patients occasionally
have unusual musical ability (about 20% have absolute or per-
fect pitch). Most children with Williams syndrome have a de
novo deletion. In rare cases, the deletion is inherited from a
parent in an autosomal dominant pattern.

Aniridia Wilms Tumor Association

WAGR syndrome (Wilms tumor, aniridia, genitourinary
anomalies, and mental retardation) is caused by a deletion
of 11p13 and is generally a de novo deletion. Genitourinary
abnormalities include cryptorchidism and hypospadias.
Patients often have short stature, and half may have micro-
cephaly. Wilms tumor develops in 50% of patients with
aniridia, genitourinary abnormalities, and mental retardation
(see Chapter 159).

Prader-Willi Syndrome
SEE CHAPTER 47.

Angelman Syndrome
SEE CHAPTER 47.

Chromosome 22q11.2 Deletion Syndromes

= Decision-Making Algorithm
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Hypocalcemia

Deletions of chromosome 22q11.2 are responsible for a group
of findings that have been called by several names, including
velocardiofacial syndrome, conotruncal anomaly face syn-
drome, Shprintzen syndrome, and DiGeorge syndrome.
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These conditions represent a continuum of findings, virtually
all of which are due to the chromosomal deletion.

Although chromosome 22q11.2 deletions can be inherited in
an autosomal dominant fashion, most cases arise de novo. Com-
mon features include clefting of the palate with velopharyngeal
insufficiency; conotruncal cardiac defects (including truncus
arteriosus, ventriculoseptal defect, tetralogy of Fallot, and right-
sided aortic arch); and a characteristic facial appearance, includ-
ing a prominent nose and a broad nasal root. Speech and language
difficulties are common, as is mild intellectual impairment. More
than 200 additional abnormalities have been identified in indi-
viduals with these conditions. About 70% have immunodefi-
ciencies, largely related to T-cell dysfunction. A wide spectrum
of psychiatric disturbances, including schizophrenia and bipolar
disorder, has been seen in more than 33% of affected adults.

Damage to the third and fourth pharyngeal pouches, embry-
onic structures that form parts of the cranial portion of the
developing embryo, leads to abnormalities in the developing
face (clefting of the palate, micrognathia), the thymus gland,
the parathyroid glands, and the conotruncal region of the heart.
This spectrum of findings, called the DiGeorge malformation
sequence, is an important chromosome 22 deletion syndrome.

The deletion that occurs in chromosome 22q11 is usually
too small to be seen by standard chromosome analysis; either
fluorescent in situ hybridization or chromosomal microarray
is needed to identify the deletion. A gene called TBX1 is within
the deleted sequence. It is believed that deletion of one copy
of TBX1 is responsible for many of the features of the various
22q11 deletion syndromes.

SYNDROMES INVOLVING CHROMOSOME
DUPLICATION

Duplications and deletions occur secondary to misalignment
and unequal crossing over during meiosis. Small extra chro-
mosomes are found in a small percentage of the population
(0.06%). These “marker” chromosomes sometimes are asso-
ciated with mental retardation and other abnormalities, and
other times they have no apparent phenotypic effects.

Inverted Duplication Chromosome 15

Chromosome 15 is the most common of all marker chromo-
somes, and its inverted duplication accounts for almost 40%
of this group of chromosomal abnormalities. Features seen in
children with 47,XX,+inv dup (15q) or 47,XY,inv dup(15q)
depend on the size of the extra chromosomal material present:
the larger the region, the worse the prognosis. Children with
this disorder tend to have a variable degree of developmental
disability and autism spectrum disorders; seizures are com-
mon, as are behavior problems. The phenotype shows mini-
mal dysmorphic features, with a sloping forehead, short and
downward-slanting palpebral fissures, a prominent nose with
a broad nasal bridge, a long and well-defined philtrum, a mid-
line crease in the lower lip, and micrognathia.

Cat Eye Syndrome

Named for the iris coloboma that gives patients’ eyes a catlike
appearance, cat eye syndrome is due to a small, supernumerary
chromosome with an inversion duplication of 22q11. The two
copies of 22q11 on this extra chromosome plus the two normal

copies of chromosome 22 result in four copies of this region.
Although the colobomas name the syndrome, they occur in
fewer than 50% of individuals with the marker chromosome.
Other clinical features include mild mental retardation, behav-
ioral disturbances, mild ocular hypertelorism, downward-slant-
ing palpebral fissures, micrognathia, auricular pits and/or tags,
anal atresia with rectovestibular fistula, and renal agenesis.

THE APPROACH TO
THE DYSMORPHIC
CHILD

Dysmorphology is the recognition of the pattern of congen-
ital malformations (often multiple congenital malformations)
and dysmorphic features that characterize a particular syn-
drome. Syndromes are collections of abnormalities, includ-
ing malformations, deformations, dysmorphic features, and
abnormal behaviors that have a unifying, identifiable etiology.
This etiology may be the presence of a mutation in a single
gene, as is the case in Rett syndrome, a disorder that is caused
by a mutation in the MECP2 gene on Xq28; by the deletion or
duplication of chromosomal material, as is the case in Prad-
er-Willi syndrome, which is caused by the deletion of the
paternal copy of the imprinted SNRPN gene on chromosome
15q11.2; or by exposure to a teratogenic substance during
embryonic development, as in fetal alcohol spectrum disorder.

DEFINITIONS

Congenital malformations are defined as clinically significant
abnormalities in either form or function. They result from
localized intrinsic defects in morphogenesis, which were
caused by an event that occurred in embryonic or early fetal life.
This event may have been a disturbance of development from
some unknown cause, but often mutations in developmen-
tal genes led to the abnormality. Extrinsic factors may cause
disruptions of development by disturbing the development
of apparently normal tissues. These disruptions may include
amniotic bands, disruption of blood supply to developing tis-
sues, or exposure to teratogens. A malformation sequence is
the end result of a malformation that has secondary effects on
later developmental events. An example is the Pierre Robin
sequence. The primary malformation, failure of the growth
of the mandible during the first weeks of gestation, results in
micrognathia, which forces the normal-sized tongue into an
unusual position. The abnormally placed tongue blocks the
fusion of the palatal shelves, which normally come together
in the midline to produce the hard and soft palate; this leads
to the presence of a U-shaped cleft palate. After delivery, the
normal-sized tongue in the smaller than normal oral cavity
leads to airway obstruction, a potentially life-threatening
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complication. Pierre Robin sequence comprises a triad of
anomalies (micrognathia, U-shaped cleft palate, and obstruc-
tive apnea) which results from a single malformation, the fail-
ure of the jaw to grow at a critical time during gestation. Many
children with Pierre Robin syndrome have Stickler syndrome,
an autosomal dominant disorder caused by mutations in col-
lagen genes. Stickler syndrome also manifests with ocular and
musculoskeletal abnormalities.

Deformations arise as a result of environmental forces act-
ing on normal structures. They occur later in pregnancy or
after delivery. For instance, plagiocephaly (rhomboid shaped
head) may result from intrauterine positioning or from torti-
collis experienced in the newborn period. Deformations often
resolve with minimal intervention, but malformations often
require surgical and medical management.

Minor malformations, variants of normal that occur in
less than 3% of the population, include findings such as sin-
gle transverse palmar creases, low-set ears, or hypertelorism;
when isolated, they have no clinical significance. A multi-
ple malformation syndrome is the recognizable pattern of
anomalies that results from a single identifiable underlying
cause. It may involve a series of malformations, malformation
sequences, and deformations. These syndromes often prompt
a consultation with a clinical geneticist. Dysmorphology is
the specialty focusing on recognition of patterns of malforma-
tions that occur in syndromes (Table 50-1).

An association differs from a syndrome in that in the for-
mer, no single underlying etiology explains the recognizable
pattern of anomalies that occur together more often than
would be expected by chance alone. The VACTERL associ-
ation (vertebral anomalies, anal atresia, cardiac defects, tra-
cheoesophageal fistula, renal anomalies, and limb anomalies)
is an example of a group of malformations that occur more
commonly together than might be expected by chance. No
single unifying etiology explains this condition, so it is consid-
ered an association.

In approximately 50% of children noted to have one or
more congenital malformations, only a single malformation
is identifiable; in the other 50%, multiple malformations are
present. About 6% of infants with congenital malformations
have chromosomal defects, 7.5% have a single gene disorder,
20% have conditions that are due to multifactorial effects (an
interplay between genetic and environmental factors), and
approximately 7% are due to exposure to a teratogen. In more
than 50% of cases, no cause can be identified.

HISTORY AND PHYSICAL EXAMINATION
Pregnancy History
The history of the pregnancy and birth can reveal multiple risk
factors that are associated with dysmorphology. Small for gesta-
tional age infants may have a chromosome anomaly or may have
been exposed to a teratogen. Large for gestational age infants
may be infants of diabetic mothers or have an overgrowth syn-
drome, such as Beckwith-Wiedemann syndrome. When evalu-
ating an older child with intellectual disabilities, complications
of extreme prematurity may account for the child’s problems.
Postmaturity also is associated with some chromosome anoma-
lies (e.g., trisomy 18) and anencephaly. Infants born from breech
presentation are more likely to have congenital malformations.
As a woman gets older there is increased risk of nondis-
junction leading to trisomies. Advanced paternal age may be

Table 50-1 | Glossary of Selected Terms Used
in Dysmorphology
TERMS PERTAINING TO THE FACE AND HEAD

Brachycephaly: Condition in which head shape is shortened from
front to back along the sagittal plane; the skull is rounder than
normal

Canthus: The lateral or medial angle of the eye formed by the
junction of the upper and lower lids

Columella: The fleshy tissue of the nose that separates the nostrils
Glabella: Bony midline prominence of the brows
Nasal alae: The lateral flaring of the nostrils

Nasolabial fold: Groove that extends from the margin of the nasal
alae to the lateral aspects of the lips

Ocular hypertelorism: Increased distance between the pupils of the
two eyes

Palpebral fissure: The shape of the eyes based on the outline of
the eyelids

Philtrum: The vertical groove in the midline of the face between
the nose and the upper lip

Plagiocephaly: Condition in which head shape is asymmetric in
the sagittal or coronal planes; can result from asymmetry in suture
closure or from asymmetry of brain growth

Scaphocephaly: Condition in which the head is elongated
from front to back in the sagittal plane; most normal skulls are
scaphocephalic

Synophrys: Eyebrows that meet in the midline
Telecanthus: A wide space between the medial canthi
TERMS PERTAINING TO THE EXTREMITIES
Brachydactyly: Condition of having short digits

Camptodactyly: Condition in which a digit is bent or fixed in the
direction of flexion (a “trigger finger”—type appearance)

Clinodactyly: Condition in which a digit is crooked and curves
toward or away from adjacent digits

Hypoplastic nail: An unusually small nail on a digit

Melia: Suffix meaning “limb" (e.g., amelia—missing limb;
brachymelia—short limb)

Polydactyly: The condition of having six or more digits on an
extremity

Syndactyly: The condition of having two or more digits at least
partially fused (can involve any degree of fusion, from webbing of
skin to full bony fusion of adjacent digits)

associated with the risk of a new mutation leading to an auto-
somal dominant trait. Maternal medical problems and expo-
sures (medications, drugs, cigarette smoking, and alcohol use)
are associated with malformations (see Chapters 47 and 48).
An increased amount of amniotic fluid may be associated
with intestinal obstruction or a central nervous system anomaly
that leads to poor swallowing. A decreased amount of fluid may
be the result of a chronic amniotic fluid leak or point to a uri-
nary tract abnormality that results in a failure to produce urine.

Family History

A pedigree comprising at least three generations should be
constructed, searching for similar or dissimilar abnormalities
in first- and second-degree relatives. A history of pregnancy
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or neonatal losses should be documented. For a more detailed
discussion of pedigrees, see Chapter 47.

Physical Examination
When examining children with dysmorphic features, the fol-
lowing approach should be used.

Growth
The height (length), weight, and head circumference should be
measured carefully and plotted on appropriate growth curves.
Small size or growth restriction may be secondary to a chromo-
somal abnormality, skeletal dysplasia, or exposure to toxic or
teratogenic agents. Larger than expected size suggests an over-
growth syndrome (Sotos or Beckwith-Wiedemann syndrome)
or, in the newborn period, might suggest a diabetic mother.
The clinician should note if the child is proportionate. Limbs
that are too short for the head and trunk imply the presence of
a short-limbed bone dysplasia, such as achondroplasia. A trunk
and head that are too short for the extremities suggest a disorder
affecting the vertebrae, such as spondyloepiphyseal dysplasia.

Craniofacial
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¢ Available @ StudentConsult.com

Abnormal Head Size, Shape, and Fontanels

Careful examination of the head and face is crucial for the
diagnosis of many congenital malformation syndromes. Head
shape should be carefully assessed; if the head is not normal
in size and shape (normocephalic), it may be long and thin
(dolichocephalic), short and wide (brachycephalic), or asym-
metric or lopsided (plagiocephalic).

Any asymmetry of facial features should be noted. Asymme-
try may be due to a deformation related to intrauterine position
or a malformation of one side of the face. The face should be
divided into four regions, which are evaluated separately. The
forehead may show overt prominence (achondroplasia) or defi-
ciency (often described as a sloping appearance, which occurs in
children with primary microcephaly). The midface, extending
from the eyebrows to the upper lip and from the outer canthi of
the eyes to the commissures of the mouth, is especially import-
ant. Careful assessment of the distance between the eyes (inner
canthal distance) and the pupils (interpupillary distance) may
confirm the impression of hypotelorism (eyes that are too close
together), which suggests a defect in midline brain formation,
or hypertelorism (eyes that are too far apart). The length of the
palpebral fissure should be noted and may help define whether
the opening for the eye is short, as is found with fetal alcohol
syndrome, or excessively long, as in Kabuki makeup syndrome
(short stature, mental retardation, long palpebral fissures with
eversion of lateral portion of lower lid).

Other features of the eyes should be noted. The obliquity
(slant) of the palpebral fissures may be upward (as seen with
Down syndrome) or downward (as in Treacher Collins syn-
drome). The presence of epicanthal folds (Down syndrome
and fetal alcohol syndrome) is also important. Features of the

nose—especially the nasal bridge, which can be flattened in
Down syndrome, fetal alcohol syndrome, and many other syn-
dromes, or prominent as in velocardiofacial syndrome—should
be noted.

The malar region of the face is examined next. It extends
from the ear to the midface. The ears should be checked for size
(measured and checked against appropriate growth charts),
shape, position (low-set ears are below a line drawn from the
outer canthus to the occiput), and orientation (posterior rota-
tion is where the ear appears turned toward the rear of the
head). Ears may be low set because they are small (or microtic)
or because of a malformation of the mandibular region.

The mandibular region is the area from the lower portion
of the ears bounded out to the chin by the mandible. In most
newborns, the chin is often slightly retruded (that is, slightly
behind the vertical line extending from the forehead to the
philtrum). If this retrusion is pronounced, the child may have
the Pierre Robin malformation sequence. In addition, the
mouth should be examined. The number and appearance of
the teeth should be noted, the tongue should be observed for
abnormalities, and the palate and uvula checked for defects.

Neck

Examination of the neck may reveal webbing, a common feature
in Turner syndrome and Noonan syndrome, or shortening, as is
seen occasionally in some skeletal dysplasias and in conditions in
which anomalies of the cervical spine occur, such as Klippel-Feil
syndrome. The position of the posterior hairline also should be
evaluated. The size of the thyroid gland should be assessed.

Trunk

The chest may be examined for shape (shield-like chest in
Noonan syndrome and Turner syndrome) and for symme-
try. The presence of a pectus deformity should be noted and
is common in Marfan syndrome. The presence of scoliosis
should be assessed; it is common in Marfan syndrome and
many other syndromes.

Extremities
Many congenital malformation syndromes are associated with
anomalies of the extremities. All joints should be examined for
range of motion. The presence of single or multiple joint contrac-
tures suggests either intrinsic neuromuscular dysfunction, as in
some forms of muscular dystrophy, or external deforming forces
that limited motion of the joint in utero. Multiple contractures
also are found with arthrogryposis multiplex congenita and are
due to a variety of causes. Radioulnar synostosis, an inability to
pronate or supinate the elbow, occurs in fetal alcohol spectrum
disorder and in some X chromosome aneuploidy syndromes.
Examination of the hands is important. Polydactyly (the
presence of extra digits) usually occurs as an isolated auto-
somal dominant trait but also can be seen in trisomy 13.
Oligodactyly (a deficiency in the number of digits) is seen
in Fanconi syndrome (anemia, leukopenia, thrombocytope-
nia, and associated heart, renal, and limb anomalies—usually
radial aplasia and thumb malformation or aplasia), in which
it is generally part of a more severe limb reduction defect, or
secondary to intrauterine amputation, which may occur with
amniotic band disruption sequence. Syndactyly (a joining of
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two or more digits) is common to many syndromes, includ-
ing Smith-Lemli-Opitz syndrome (see Chapters 199 and
201).

Dermatoglyphics include palmar crease patterns. A trans-
verse palmar crease, indicative of hypotonia during early fetal
life, is seen in approximately 50% of children with Down syn-
drome (and 10% of individuals in the general population).
A characteristic palmar crease pattern is also seen in fetal alco-
hol spectrum disorder.

Genitalia
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Ambiguous Genitalia

Genitalia should be examined closely for abnormalities in
structure. In boys, if the penis appears short, it should be mea-
sured and compared with known age-related data. Ambiguous
genitalia often are associated with endocrinologic disorders,
such as congenital adrenal hyperplasia (girls have masculin-
ized external genitalia, but male genitalia may be unaffected),
or chromosomal disorders such as 45,X/46,XY mosaicism
or possibly secondary to a multiple congenital anomaly syn-
drome (see Chapters 174 and 177). Although hypospadias,
which occurs in 1 in 300 newborn boys, is a common congen-
ital malformation that often occurs as an isolated defect, if it
is associated with other anomalies, especially cryptorchidism,
there is a strong possibility of a syndrome.

LABORATORY EVALUATION

Chromosome analysis should be ordered for children with
multiple congenital anomalies, the involvement of one major
organ system and the presence of multiple dysmorphic fea-
tures, or the presence of mental retardation. In recent years,
microarray comparative genomic hybridization has sup-
planted routine or high-resolution chromosome analysis in
most situations. For a complete discussion of chromosome
analysis, see Chapter 48.

Direct DNA analysis can be performed to identify specific
mutations. It is necessary to use Web-based resources to keep
up-to-date. An extremely helpful website is www.genetests.org,
which provides information about the availability of testing
for specific conditions and identifies laboratories performing
the testing.

Radiologic imaging plays an important role in the evalua-
tion of children with dysmorphic features. Individuals found
to have multiple external malformations should have a careful
evaluation to search for the presence of internal malforma-
tions. Testing might include ultrasound evaluations of the
head and abdomen to look for anomalies in the brain, kidney,
bladder, liver, and spleen. Skeletal radiographs should be per-
formed if there is concern about a possible skeletal dysplasia.
The presence of a heart murmur should trigger a cardiology
consultation; an electrocardiogram and echocardiogram
may be indicated. Magnetic resonance imaging may be indi-
cated in children with neurologic abnormalities or a spinal

defect. The presence of craniosynostosis may indicate a com-
puted tomography scan of the head.

For those patients for whom testing does not yield a diagno-
sis, whole-exome sequencing or whole-genome sequencing is
becoming a powerful tool.

DIAGNOSIS
Although the presence of characteristic findings may make
the diagnosis of a malformation syndrome straightforward, in
most cases no specific diagnosis is immediately evident. Some
constellations of findings are rare, and finding a “match” may
prove difficult. In many cases, all laboratory tests are normal,
and confirmation relies on subjective findings. Clinical genet-
icists have attempted to resolve this difficulty by developing
scoring systems, cross-referenced tables of anomalies that help
in the development of a differential diagnosis, and computer-
ized diagnostic programs. An accurate diagnosis is important
for the following reasons:

1. It offers an explanation to the family why their child was
born with congenital anomalies. This may help allay guilt
for parents, who often believe they are responsible for
their child’s problem.

2. With well-described natural histories of many disorders,

a diagnosis allows anticipation of medical problems
associated with a particular syndrome and appropriate
screening. It also provides reassurance that other medical
problems are no more likely to occur than they might with
other children who do not have the diagnosis.

3. It permits genetic counseling to be done to identify the
risk to future children and permits prenatal testing to be
done for the disorders for which it is available.

Diagnosis enables the clinician to provide the family with
educational materials about the diagnosis and facilitate contact
with support groups for particular disorders. The Internet has
become an important source for such information. Care should
be exercised, as information on the Internet is not subject to edi-
torial control and may be inaccurate. A good site is the National
Organization for Rare Disorders (www.rarediseases.org), a
clearinghouse for information about rare diseases and their
support groups. Genetic testing information is available at
the Genetests website (www.genetests.org). This site provides
information on available clinical and research testing for many
diseases.
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Metabolic Disorders k

Optimal outcomes for children with inborn errors of metabo-
lism (IEMs) depend upon recognition of the signs and symp-
toms of metabolic disease, and prompt evaluation and referral
to a center familiar with their management. Delay in diagnosis
may result in end organ damage including progressive neuro-
logic injury or death.

With the exception of phenylketonuria (PKU), and medium
chain acyl-CoA dehydrogenase (MCAD) deficiency, most
metabolic disorders are individually rare, having an incidence
of less than 1 per 100,000 births in the United States. When
considered collectively, the incidence may approach 1 in
800 to 2500 births (Table 51-1) with the prevalence of a con-
firmed metabolic disorder detected by newborn screening in
1 in 4000 live births (about 12,500 diagnoses each year) in the
United States. This is comparable with the 1 in 1000 infants
who have early-onset bacterial sepsis and the 1 in 3000 infants
who have invasive group B streptococcal infections.

IEMs are frequent causes of sepsis-like presentations, men-
tal retardation, seizures, sudden infant death, and neurologic
impairment; 20% of admissions to a regional children’s hospi-
tal are for genetic disorders.

Metabolic disorders can be classified using a variety of
schemes based on the clinical presentation, including the age
of onset, the tissues or organ systems involved, the defective
metabolic pathways, or the subcellular localization of the
underlying defect. These classification schemes have differing
utility when considering approach to diagnosis, management,
and screening strategies. The clinical presentation and long-
term prognosis have the most bearing on management of chil-
dren with genetic metabolic disorders.

Genetic metabolic disorders result from the deficiency of
an enzyme, its cofactors, or biochemical transporters that
lead to the deficiency of a required metabolite, the buildup of
a toxic compound, or a combination of both processes (Fig.
51-1, Table 51-2). Understanding which of these mechanisms
is involved and if the effects are systemic or restricted to the
local tissue enables a rational approach to diagnosis, therapy,
and management.
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SIGNS AND SYMPTOMS
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Seizures and Other Paroxysmal Disorders
Altered Mental Status
Irritable Infant

The signs and symptoms of an inborn error are diverse and
can involve any organ system. The presentation varies among
age groups. Inborn errors of metabolism often present a few
hours to weeks after birth, often mimicking late-onset sepsis.
Infants who survive the neonatal period without developing
recognized symptoms often experience intermittent illness sep-
arated by periods of being well. While pursuing the evaluation
of the specific clinical presentations (e.g., the approach to the
sick newborn, irritable child, or child with liver dysfunction),
the hypoglycemic and intoxicating (encephalopathy) metabolic
disorders should be considered in all neonates presenting with
lethargy, poor tone, poor feeding, hypothermia, irritability, or
seizures. In most cases these should be evaluated for by assess-
ment of plasma ammonia, blood glucose, and anion gap (Fig.
51-2). Significant ketosis in the neonate is unusual and suggests

Table 51-1 | Estimates of Incidence of Various Classes

of Disorders Diagnosed or Followed at
Specialized Clinics per 100,000 Population

BRITISH WEST
COLUMBIA MIDLANDS
1969-1996 1999-2003
Amino acid disorders 7.5 19
(excluding phenylketonuria)
Lysosomal storage diseases 7.5 19
Phenylketonuria 7.5 8
Organic acidemias 4 12.5
Peroxisomal disorders 3.5 7.5
Mitochondrial diseases 3 20
Glycogen storage diseases 2 7
Urea cycle diseases 2 45

*Populations in British Columbia, Canada (a predominantly white population),
between 1969 and 1996, and in the West Midlands of the United Kingdom
(which has a diverse ethnic breakdown) between 1999 and 2003.



an organic acid disorder. Similarly specific metabolic disorders
predispose to cardiomyopathy, myopathy, hepatopathy, devel-
opmental delay, sepsis and developmental regression; appropri-
ate evaluation should be tailored to the clinical presentation.
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Figure 51-1 Depiction of the basic paradigm in inherited disorders
of metabolism. Deficiency of an enzyme complex results in accumula-
tion of metabolites proximal to the blocked metabolism and deficiency
of the product of the reaction. Sites of genetic control are indicated.

Table 51-2 | Primary Underlying Pathophysiologic Mechanisms for Select Metabolic Disorders

ACCUMULATION OF
TOXIC COMPOUND

DEFICIENCY OF A
DISORDER REQUIRED COMPOUND

HYPOGLYCEMIC DISORDERS

Medium-chain fatty acid
oxidation defects

Fat for energy

Long-chain fatty acid
oxidation defects

Fat for energy

Glucose to prevent fasting
hypoglycemia

Glycogen storage disease

Ketone utilization Fat for energy Ketones
disorders

Galactosemia Galactose
INTOXICATING DISORDERS (ENCEPHALOPATHY)

Urea cycle defects Ammonia

Propionic acidemia,
methymalonic acidemia,
other organic acidemias

Phenylketonuria Tyrosine

Maple syrup urine disease Leucine

CELLULAR COMPARTMENT DISORDERS

Mitochondrial disease Deficiency of ATP (energy)

in affected tissues

Deficiency of VLCFA
and steroid hormones
necessary for signaling

Peroxisomal disorders

Lysosomal storage
disorders

OTHER

Disorders of creatine
biosynthesis

Deficiency of cerebral
creatine

Long-chain fats

Glycogen resulting in
storage in liver, muscle, heart  dysfunction

Organic acids

Phenylalanine

Tissue-specific accumulation
of compound not
metabolized by lysosome

Accumulation of
guanidinoacetate in AGAT
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Introduction of new foods or metabolic stress associated with
fasting or fever may unmask an inborn error of metabolism
during infancy or in older children. The introduction of fructose
or sucrose in the diet may lead to decompensation in hereditary
fructose intolerance. In older children, increased protein intake
may unmask disorders of ammonia detoxification.

TYPES OF CLINICAL PRESENTATION
OF INBORN ERRORS
Toxic Presentation
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Vomiting
Altered Mental Status
Acidemia

RESULT

Use of glucose with consequent hypoglycemia

Use of glucose with consequent hypoglycemia;
mitochondrial dysfunction in liver, heart, etc., leading
to organ dysfunction

Risk of hypoglycemic brain injury and storage tissue

Risk of hypoglycemic brain injury; profound metabolic
acidosis and reversible neurologic dysfunction

Elevated galactose leads to severe hepatic dysfunction,
neurologic injury, and impaired immune response

Central nervous system dysfunction, probably
mediated through glutamine

Systemic or local impairment of mitochondrial function;
impaired neurotransmission; impairment of urea cycle

Impairment of tryptophan metabolism leading to
serotonin deficiency; defective neurotransmission and
white matter damage

Leucine toxicity leading to cerebral edema

Failure of affected tissues to carry out normal
functions, e.g., muscle weakness, failure of relaxation
of blood vessel muscles

Aberrant embryonic patterning and hormone
deficiency, defects in maintenance of myelin and white
matter

Cell type-specific damage and dysfunction as a result
of lysosomal failure and reaction to waste product
buildup

Global brain energy defect leads to severe cognitive
delays

deficiency leads to seizures

Deficiency of steroid
hormones

Cholesterol biosynthesis
disorders

Endocrinopathies; disordered cellular signaling




| Hyperammonemia in infants

Prematurity, respiratory
distress early onset

Possible inborn error
of metabolism

Transient hyperammonemia

Metabolic acidosis
Ketosis

No acidosis or ketosis
Respiratory alkalosis

PDH - pyruvate dehydrogenase deficiency
PC — pyruvate carboxylase deficiency
ASA — argininosuccinic acid

CPS - carbamylphosphate synthase

OTC - ornithine transcarbamylase

NAGS — N-acetylglutamate synthase

Organic aciduria Low BUN
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intolerance homocitrullinuria syndrome

Figure 51-2 Algorithm for the approach to hyperammonemia infants. ASA, Argininosuccinic acid; BUN, blood urea nitrogen; CPS, carbamylphosphate synthase; NAGS, N-acetylglutamate

synthase; OTC, ornithine transcarbamylase; PC, pyruvate carboxylase deficiency; PDH, pyruvate dehydrogenase deficiency.
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The toxic presentation often presents as an encephalopathy.
Fever, infection, fasting, or other catabolic stresses may precip-
itate the symptom complex. A metabolic acidosis, vomiting,
lethargy, and other neurologic findings may be present. Diag-
nostic testing is most effective when metabolites are present
in highest concentration in blood and urine at presentation.
Abnormal metabolism of amino acids, organic acids, ammo-
nia, or carbohydrates may be at fault. Hyperammonemia is an
important diagnostic possibility if an infant or child presents
with features of toxic encephalopathy (see Fig. 51-2). Symp-
toms and signs depend on the underlying cause of the hyper-
ammonemia, the age at which it develops, and its degree. The
severity of hyperammonemia may provide a clue to the etiol-
ogy (Tables 51-3 and 51-4).

Severe Neonatal Hyperammonemia
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Available @ StudentConsult.com

Apnea

Vomiting

Hypotonia and Weakness
Alkalemia

Infants with genetic defects in urea synthesis, transient neo-
natal hyperammonemia, and impaired synthesis of urea and
glutamine secondary to genetic disorders of organic acid
metabolism can have levels of blood ammonia (>1000 pmol/L)
more than 10 times normal in the neonatal period. Poor feed-
ing, hypotonia, apnea, hypothermia, and vomiting rapidly
give way to coma and occasionally to intractable seizures.

Table 51-3 | Inborn Errors of Metabolism Presenting

with Neurologic Signs in Infants <3 Months
of Age

ENCEPHALOPATHIC
COMA WITH OR

GENERALIZED SEIZURES WITHOUT SEIZURES

All disorders that cause
hypoglycemia:
Most hepatic glycogen storage

Mitochondrial disease:
POLG deficiency
Iron-sulfur cluster disease

diseases Maple syrup urine disease
Galactosemia, hereditary fructose ~ Nonketotic-

intolerance hyperglycinemia
Fructose-1,6-bisphosphatase Diseases producing
deficiency extreme hyperammonemia:
Disorders of fatty acid beta Disorders of the urea
oxidation cycle

Disorders of the

propionate pathway
Disorders of beta oxidation
Congenital lactic acidosis
(PCD)

Glucose transporter deficiency
Disorders of the propionate pathway
HMG-CoA lyase deficiency
Menkes disease
Pyruvate carboxylase deficiency (PCD)
Maple syrup urine disease

SEIZURES AND/OR POSTURING

Nonketotic hyperglycinemia
Maple syrup urine disease

HMG-CoA, 3-hydroxy-3-methylglutaryl-CoA.

Respiratory alkalosis is common. Death occurs in hours to days
if the condition remains untreated.

Moderate Neonatal Hyperammonemia
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Vomiting
Altered Mental Status

Moderate neonatal hyperammonemia (range, 200 to 400
umol/L) is associated with depression of the central nervous
system, poor feeding, and vomiting. Seizures are not charac-
teristic. Respiratory alkalosis may occur. This type of hyper-
ammonemia may be caused by partial or more distal blocks
in urea synthesis and commonly is caused by disorders of
organic acid metabolism (producing a metabolic acidosis) that
secondarily interfere with the elimination of nitrogen.

Clinical Hyperammonemia in Later Infancy

and Childhood

Infants who are affected by defects in the urea cycle may con-
tinue to do well while receiving the low-protein intake of breast
milk, developing clinical hyperammonemia when dietary pro-
tein is increased or when catabolic stress occurs. Vomiting
and lethargy may progress to coma. Seizures are not typical.
During a crisis, the plasma ammonia level is usually 200 to
500 pumol/L. However, as the ammonia level decreases with
decreased protein intake, the condition may go unrecognized
for years, especially in the absence of central nervous system
symptoms. If a crisis occurs during an epidemic of influenza,
the child mistakenly may be thought to have Reye syndrome.

Table 51-4 | Etiologies of Hyperammonemia in Infants

ETIOLOGY OF

HYPERAMMONEMIA COMMENTS
Disorders of the urea cycle Lethal hyperammonemia is
common

Disorders of the propionate
pathway

Severe hyperammonemia may
precede acidosis

Disorders of fatty acid catabolism
and of ketogenesis

Reye-like syndrome possible

Transient neonatal
hyperammonemia

Idiopathic, self-limited

Portal-systemic shunting Thrombosis of portal vein,

cirrhosis, hepatitis

Mitochondrial DNA depletion Typically associated with

elevated lactate level

Drug intoxication: salicylate,
valproic acid, acetaminophen

Obtain drug levels

Hyperinsulinism/
hyperammonemia syndrome

Clinical hypoglycemia,
subclinical hyperammonemia

Non-metabolic liver disease Ensure evaluation of hepatic

including infections such as
herpes, cytomegalovirus

function and appropriate
infectious disease workup
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Older children may have neuropsychiatric or behavioral
abnormalities (see Fig. 51-2).

Specific Organ Presentation
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Ocular

Hepatomegaly

Seizures and Other Paroxysmal Disorders
Ataxia

Any organ or system can be injured by toxic accumulation of
any of the metabolites involved in inborn errors. Symptoms
relate to organ-specific or system-specific toxicity and injury.
Examples include nervous system (seizures, coma, ataxia),
liver (hepatocellular damage), eye (cataracts, dislocated
lenses), renal (tubular dysfunction, cysts), and heart (cardio-
myopathy, pericardial effusion) (Table 51-5).

Energy Deficiency

Disorders whose pathophysiology results in energy deficiency
(e.g., disorders of fatty acid oxidation, mitochondrial func-
tion/oxidative phosphorylation, or carbohydrate metabolism)
may manifest myopathy; central nervous system dysfunction,
including mental retardation and seizures; cardiomyopathy;
vomiting; hypoglycemia; or renal tubular acidosis.

Ketosis and Ketotic Hypoglycemia
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Acidemia

Acidosis is often found in children without metabolic diseases
and may be due to fasting associated with anorexia, vomiting,
diarrhea, and dehydration in the course of a viral illness. In this
normal result of fasting, the blood glucose is relatively low; a
mild acidosis and ketonuria may be present. Administration
of carbohydrate restores balance. Severe ketosis may also be
the result of disorders of ketone utilization such as ketothiolase
deficiency or SCOT (succinyl-CoA:3 ketoacid CoA transferase)

Table 51-5

HEPATOMEGALY HEPATIC FAILURE
GSD | Citrin deficiency
Galactosemia
GSD I Hereditary fructose intolerance

Mucopolysaccharidosis | and |l
deficiency)

Gaucher and Niemann-Pick diseases GSD IV (slowly evolving)

Tyrosinemia type 1 (fumarylacetoacetate hydrolase

deficiency. In these conditions, which frequently present in the
context of fasting, infection with fever, or decreased intake sec-
ondary to vomiting and diarrhea, hypoglycemia may be pro-
found; the ketosis resolves slowly. As ketone bodies accumulate,
cyclic vomiting may ensue. Ketotic hypoglycemia is a common
condition in which tolerance for fasting is impaired. Symptom-
atic hypoglycemia with seizures or coma occurs when the child
encounters a catabolic stress. The stress may be significant (viral
infection with vomiting) or minor (a prolongation by several
hours of the normal overnight fast). Ketotic hypoglycemia first
appears in the second year of life and occurs in otherwise healthy
children. It is treated by frequent snacks and the provision of
glucose during periods of stress. The pathophysiology is poorly
understood (see Chapter 172). Although ketonuria is a normal
response to prolonged (not overnight) fasting in older infants
and children, it indicates metabolic disease in neonates. A high
anion gap metabolic acidosis with or without ketosis suggests
a metabolic disorder (Table 51-6). Although ketone production
may be reduced in some fatty acid oxidation disorders, the pres-
ence of ketonuria does not exclude this group of disorders.

Disorders Associated with Dysmorphic
Findings

Congenital malformations or dysmorphic features are not
intuitively thought of as symptoms and signs of inborn errors.
Conditions that cause congenital malformations include
carbohydrate-deficient glycoprotein syndrome, disorders of
cholesterol biosynthesis (Smith-Lemli-Opitz syndrome), dis-
orders of copper transport (Menkes syndrome, occipital horn
syndrome), maternal phenylketonuria syndrome, glutaric
aciduria II (also called multiple acyl-coenzyme A [CoA] dehy-
drogenase deficiency), and several storage diseases.

Storage Disorders

= Decision-Making Algorithm
@ Available @ StudentConsult.com

Hepatomegaly

Storage disorders are caused by accumulation of incompletely
metabolized macromolecules. This storage often occurs in
subcellular organelles, such as lysosomes. The glycogen stor-
age diseases and mucopolysaccharide disorders are examples
of storage disorders.

Inborn Errors of Metabolism Presenting with Hepatomegaly or Hepatic Dysfunction in Infants

JAUNDICE

Citrin deficiency
Galactosemia

Hereditary fructose intolerance

Infantile tyrosinemia (fumarylacetoacetate
hydrolase deficiency)

Crigler-Najjar disease
Rotor, Dubin-Johnson syndromes

GSD, Glycogen storage disease.
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Table 51-6 | Etiologies of Metabolic Acidosis Caused Table 51-7 | Initial Diagnostic Evaluation for a
by Inborn Errors of Metabolism in Infants Suspected Inborn Error of Metabolism

DISORDER

Methylmalonic acidemia
(MMA)

Propionic acidemia

COMMENT

Hyperammonemia, ketosis,
neutropenia, thrombocytopenia
Similar to MMA

Isovaleric acidemia Similar to MMA; odor of sweaty feet

Pyruvate dehydrogenase
deficiency

Lactic acidosis, hyperammonemia

Pyruvate carboxylase
deficiency

Lactic acidosis, hypoglycemia, and
ketosis

Respiratory chain Lactic acidosis, ketosis occasionally
(mitochondrial) disorders seen

Medium-chain acyl-CoA
dehydrogenase deficiency

Moderate acidosis, hypoglycemia,
decreased ketosis, possible

(MCAD) hyperammonemia
Other fatty acid oxidation  Similar to MCAD, with potential
defects hepatic and cardiac disease

Renal tubular acidosis,
Escherichia coli neonatal sepsis,
hypoglycemia

Galactosemia

Severe lactic acidosis,
hyperammonemia, hypoglycemia

3-Hydroxy-3-methyl-
glutaryl-CoA lyase
deficiency

Multiple acyl-CoA
dehydrogenase deficiency
(glutaric aciduria 2)

Metabolic acidosis, hypoglycemia,
lethal renal malformations

CLINICAL ASSESSMENT AND

LABORATORY TESTING

The assessment begins with a careful history (family and indi-
vidual) and clinical evaluation. Clinical laboratory testing can
define the metabolic derangement (Table 51-7). The results
generate a differential diagnosis and a list of more specific lab-
oratory testing to confirm the diagnosis.

The combination of symptoms and abnormal clinical lab-
oratory findings demands urgent metabolic evaluation. A
metabolic emergency often presents with vomiting, acidosis,
hypoglycemia, ketosis (or lack of appropriate ketosis), inter-
current infection, anorexia/failure to feed, lethargy proceed-
ing to coma, and hyperventilation or hypoventilation. Clinical
evaluation should focus on the cardiac, renal, neurologic, and
developmental assessment as well as looking for changes in
mental status, seizures, abnormal tone, visual symptoms,
poor developmental progress, global developmental delay,
loss of developmental milestones (regression), cardiomyopa-
thy, cardiac failure, cystic renal malformation, and renal tubu-
lar dysfunction.

Clinical laboratory testing should begin with tests that
are available in most hospital clinical laboratories. Care in
the collection and handling of laboratory specimens is cru-
cial to obtaining accurate results. Plasma measurements of
lactate and ammonia are particularly subject to spurious
results if not handled correctly. Significant ketosis in the
neonate is unusual and suggests an organic acid disorder.
Ketosis out of proportion to fasting status in an older child
occurs in disorders of ketone usage. Lack of severe ketosis
in an older child under conditions of metabolic stress is a

BLOOD AND PLASMA URINE
Arterial blood gas Glucose
Electrolytes—anion gap pH
Glucose Ketones
Ammonia Reducing substances

Liver enzymes

Complete blood count, differential,
and platelet count

Lactate, pyruvate

Organic acids

Amino acids

Acylcarnitines

Carnitine

Organic acids
Acylglycines
Orotic acid

*Organ-specific evaluation is indicated for specific symptoms (e.g., cranial
magnetic resonance imaging for coma or seizures; echocardiography for
cardiomyopathy; cerebrospinal fluid amino acids by column chromatography
if nonketotic hyperglycemia is suspected).

Thrombocytopenia and neutropenia are seen in organic acidurias;
vacuolated lymphocytes and metachromatic granules are seen in lysosomal
disorders.

feature of fatty acid oxidation disorders. In some disorders,
such as urea cycle disorders, ketone utilization disorders,
milder forms of fatty acid oxidation defects, and intermit-
tent maple syrup urine disease, the laboratory abnormalities
may be present only during an acute presentation. Therefore,
normal testing in the well state does not rule out a metabolic
disorder.

GENETIC ASPECTS OF INBORN ERRORS
Mechanisms of Inheritance

Although all of the classic mechanisms of inheritance are
represented, most inborn errors of metabolism are autoso-
mal recessive. Isolation or founder effect may make a specific
recessive condition common in some populations (e.g., maple
syrup urine disease in the Old Order Mennonite population
in Pennsylvania). X-linked conditions exhibit increased pre-
sentation in males. In general, carriers of recessive or X-linked
(females) diseases are asymptomatic. However, in ornithine
transcarbamylase deficiency, females can be symptomatic if
they have a low proportion of normal cells in the liver. Most
mitochondrial disorders in children are a result of mutations
in autosomal genes, although there are X-linked forms. Muta-
tions in the mitochondrial DNA also lead to mitochondrial
disease. In this situation the type and severity of the presenta-
tion depend on the specific defects and the tissue specific ratio
of normal to abnormal copies of the mitochondrial DNA (the
degree of heteroplasmy).

Identification of Molecular Pathology

If the molecular basis of an inborn error of metabolism is
known (i.e., the gene or genes have been mapped and muta-
tions defined), specific genetic testing may be clinically avail-
able. In some disorders, there is a good correlation between
specific mutations and clinical outcome. Genetic testing in
other at-risk family members can provide important genetic
information for them, enabling decision making throughout
the rest of the family.
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Table 51-8 | Disorders Identified by Newborn Screening Programs in the United States

DISORDER
AMINO ACID
Phenylketonuria (PKU)

Tyrosinemia

METHODS

Guthrie*, MS/MS
Guthrie, MS/MS
Maple syrup urine disease (MSUD) Guthrie, MS/MS

ORGANIC ACID

Propionic acidemia MS/MS
Methylmalonic acidemias MS/MS
Isovaleric acidemia MS/MS

Biotinidase deficiency Enzyme measurement

FATTY ACID

Medium-chain acyl-CoA dehydrogenase ~ MS/MS
deficiency (MCAD)

Long-chain 3-hydroxyacyl-CoA MS/MS
dehydrogenase deficiency (LCHAD)

Very long-chain acyl-CoA dehydrogenase  MS/MS

deficiency (VLCAD)
CARBOHYDRATE

Galactosemia

UREA CYCLE
MS/MS

GALT enzyme measurement

CONFIRMATORY TESTING

Plasma phenylalanine, mutation testing
Plasma amino acid profile, urine succinylacetone

Plasma amino acid profile, look for alloisoleucine

Urine organic acid profile

Urine organic acid profile, plasma amino acid profile, plasma
homocysteine

Urine organic acid profile

Quantitative biotinidase measurement, DNA mutations

Urine organic acid profile, urine acylglycine profile, plasma
acylcarnitine profile

Urine organic acid profile, urine acylglycine profile, plasma
acylcarnitine profile

Urine organic acid profile, urine acylglycine profile, plasma
acylcarnitine profile

GALT enzyme measurement, DNA mutations, galactose-1-P
measurement

Plasma amino acid profile, DNA mutations

IDENTIFICATION OF INBORN ERRORS

BY NEONATAL SCREENING

Disorders Identified by Neonatal Screening

In the United States the majority of infants diagnosed with
a treatable metabolic disorder will be identified as a result of
an abnormal newborn screen. Most states use tandem mass
spectrometry to screen for a core panel of 29 disorders (Table
51-8). In most states, biotinidase deficiency and galactosemia
are typically screened for by evaluating enzyme function.

Strategy of Neonatal Screening

The purpose of neonatal screening is the early detection and
rapid treatment of disorders before the onset of symptoms,
thus preventing morbidity and mortality. In most states,
infants are tested at 24 to 48 hours (see Chapter 58). A positive
test demands prompt evaluation. Specific follow-up testing
and treatment of an affected child depends on the disorder.
Consistent with most screening tests, a significant proportion
of infants who have a positive neonatal screening test do not
have a metabolic disorder.

Confirmatory Testing Principles

Neonatal screening is designed to maximize detection of
affected infants but is not diagnostic. “Cutoff values” for each
test are established carefully to identify infants with an ele-
vated concentration of the substance or decreased activity
of an enzyme with an acceptable number of false-positive

results. A positive screening test must be followed by prompt
clinical assessment as recommended by the screening pro-
gram and metabolic specialist. In many cases children will
also be provided therapy until the completion of definitive
testing.

A positive screening test result causes anxiety for new par-
ents; management of such anxiety is essential to minimize
the harm of the program. In addition, definitive testing must
be carried out promptly and accurately. If an inborn error of
metabolism is excluded, parents need a thorough explana-
tion of the results and reassurance that the infant is well. Such
explanations will frequently require the expertise of a meta-
bolic specialist or genetic counselor in the newborn period but
may require reassessment by the primary care physician in the
long term.

Specialized Laboratory and Clinical Testing
Specialized testing for inherited disorders of metabolism is
effective in confirming a diagnosis suspected on the basis of an
abnormal newborn screening result or on the basis of clinical
suspicion. The tests that are helpful and examples of diagnoses
made using these measurements depend on the deficient path-
way in the disorder under consideration (Table 51-9).

Amino acid analysis is performed in plasma, urine, and cere-
brospinal fluid. The plasma amino acid profile is most useful in
identifying disorders of amino acid catabolism. Amino acids
in the deficient pathway of the organic acid disorders may be
abnormal, but often they are normal or may not be diagnostic.
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Table 51-9 | Specialized Metabolic Testing

TEST

Plasma amino acid profile

Plasma total homocysteine
Urine amino acid profile Amino acids

Plasma acylcarnitine profile
fatty acid catabolism
Urine acylglycine profile
fatty acid catabolism

Plasma carnitines

Urine organic acid profile Organic acids

Urine or blood succinylacetone Succinylacetone

Urine oligosaccharide chromatography  Glycosaminoglycans,

mucopolysaccharides

ANALYTES MEASURED

Amino acids, including alloisoleucine

Protein-bound and free homocysteine

Acylcarnitine derivatives of organic and
Acylglycine derivatives of organic and

Free, total, and acylated carnitine

TEST HELPFUL IN IDENTIFYING DISORDERS

PKU, urea cycle defects, tyrosinemias, MSUD,
homocystinuria

Homocystinuria, some forms of methylmalonic acidemia
Disorders of amino acid renal transport

Organic acid disorders, fatty acid oxidation disorders
Organic acid disorders, fatty acid oxidation disorders

Primary and secondary carnitine deficiency; abnormal in
many organic acid and fatty acid disorders

Organic acid, mitochondrial and fatty acid disorders
Tyrosinemia |

Lysosomal storage disorders

MSUD, Maple syrup urine disease; PKU, phenylketonuria.

The urine amino acid profile is helpful in diagnosing pri-
mary disorders of renal tubular function, such as Lowe syn-
drome and cystinuria, as well as secondary disorders of renal
tubular function, such as cystinosis and Fanconi syndrome of
any cause. The urine amino acid profile is not the test of choice
for diagnosing disorders of amino acid or organic acid metab-
olism.

Markers of disordered fatty acid oxidation are measured
in urine and plasma. Excessive intermediates of fatty acid
oxidation and organic acid catabolism are conjugated with
glycine and carnitine. The urine acylglycine profile and the
plasma acylcarnitine profile reflect this accumulation. In
organic acid disorders and fatty acid oxidation disorders,
measurement of plasma carnitine may reveal a secondary
deficiency of carnitine and abnormal distribution of free
and acylated carnitine. The plasma free fatty acid profile
is helpful in diagnosis of disorders of fatty acid oxidation.
Excess 3-OH-butyrate suggests a disorder of ketone metab-
olism; absence of ketones or decreased amounts of 3-OH-
butyrate suggests a fatty acid oxidation disorder. Profiling of
fatty acid intermediates in cultured skin fibroblasts may be
informative.

Disorders of organic acid metabolism, such as propionic
acidemia and methylmalonic acidemia, have typical urine
organic acid profiles. Although analysis of blood and urine
usually suggest the specific diagnosis, more targeted testing is
typically needed by measuring enzymatic activity in the path-
way or establishing DNA changes in the gene.

Disorders of creatine biosynthesis are reflected by a reduc-
tion in creatine in cerebrospinal fluid (CSF) and, in one form,
an increase in guanidinoacetic acid in blood and urine. Dis-
orders of purine and pyrimidine metabolism are suggested by
the presence of an abnormal urinary profile of purines, such
as xanthine, hypoxanthine, inosine, guanosine, adenosine, ade-
nine, or succinyladenosine. Similarly, disorders of pyrimidine
metabolism are identified by an abnormal profile of pyrim-
idines, including uracil, uridine, thymine, thymidine, orotic

acid, orotidine, dihydrouracil, dihydrothymine, pseudouridine,
N-carbamoyl-f3-alanine, or N-carbamoyl-f-aminoisobutyrate,
in the urine.

Storage disorders show abnormalities in urine mucopoly-
saccharides (glycosaminoglycans, glycoproteins), sialic acid,
heparan sulfate, dermatan sulfate, or chondroitin sulfate.
Specific enzymology depends on the disorder; tissue can be
either white blood cells or cultured skin fibroblasts, depend-
ing on assay. In several disorders, CSF is the most helpful
specimen, including glycine encephalopathy (CSF amino acid
profile when compared to concurrent plasma amino acids),
disorders of neurotransmitter synthesis (biogenic amine
profile), glucose transporter (GLUT1) deficiency (plasma-to-
cerebrospinal fluid glucose ratio), and serine synthesis defect
(amino acid profile).

In many disorders, an abnormal metabolic profile is consis-
tently present during illness and when the child is well. In some
cases, it is only diagnostic during an episode of illness.

OVERVIEW OF TREATMENT

There are several basic principles for treatment of inborn
errors of metabolism. Syndromes with toxicity often pres-
ent with encephalopathy; removal of toxic compounds is
the first goal of therapy. Strategies include hemodialysis,
hemovenovenous filtration, and administration of alternate
pathway agents (see Chapter 53). A second strategy is to
enhance deficient enzyme activity through administration of
enzyme cofactors (e.g., pyridoxine in homocystinuria, tet-
rahydrobiopterin in PKU). If deficiency of a pathway prod-
uct plays an important role, providing missing products is
helpful (e.g., tyrosine in the treatment of phenylketonuria).
A major principle is to decrease flux through the deficient
pathway by restricting precursors in the diet. Examples
include the restriction of protein in disorders of ammonia
detoxification and of amino acid precursors in the organic
acid disorders.
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GLYCOGEN STORAGE DISEASES

Many glycogen storage diseases are characterized by hypogly-
cemia and hepatomegaly (Table 52-1). Glycogen, the storage
form of glucose, is found most abundantly in the liver (where
it modulates blood glucose levels) and in muscles (where it
facilitates anaerobic work). Glycogen is synthesized from
uridine diphosphoglucose through the concerted action of
glycogen synthetase and brancher enzyme (Fig. 52-1). The
accumulation of glycogen is stimulated by insulin. Glycog-
enolysis occurs through a cascade initiated by epinephrine
or glucagon. It results in rapid phosphorolysis of glycogen to
yield glucose 1-phosphate, accompanied by, to a lesser degree,
hydrolysis of glucose residues from the branch points in glyco-
gen molecules. In the liver and kidneys, glucose 1-phosphate
is converted to glucose 6-phosphate through the actions of

phosphoglucomutase; glucose-6-phosphatase hydrolyses glu-
cose 6-phosphate to produce glucose. The latter enzyme is not
present in muscles. Glycogen storage diseases fall into the fol-
lowing four categories:

1. Diseases that predominantly affect the liver and have a

direct influence on blood glucose (types I, VI, and VIII)

2. Diseases that predominantly involve muscles and affect

the ability to do anaerobic work (types V and VII)

3. Diseases that can affect the liver and muscles and directly

influence blood glucose and muscle metabolism (type III)
4. Diseases that affect various tissues but have no direct

effect on blood glucose or on the ability to do anaerobic

work (types Il and IV)

The diagnosis of type I or type III glycogen storage dis-
ease is suggested by an elevated uric acid, lactate, and tri-
glycerides in blood. For all forms, a diagnosis can normally
be confirmed by DNA mutation testing in white blood cells.
When this is feasible, invasive procedures, such as muscle
and liver biopsy, can be avoided. When mutation testing is
not available or is inconclusive, enzyme measurements in
tissue from the affected organ confirm the diagnosis. If the
diagnosis cannot be established, metabolic challenge and
exercise testing may be needed. Treatment of hepatic gly-
cogen storage disease is aimed at maintaining satisfactory

CLINICAL SYNDROME

NEONATAL

MANIFESTATIONS PROGNOSIS

Hypoglycemia, lactic acidosis,

diarrhea, bleeding disorder,
gout, hypertriglyceridemia,

As Type 1a, but in addition
have clinically significant

Symmetrical profound muscle
weakness, cardiomegaly, heart
failure, shortened P-R interval

Early in course hypoglycemia,
ketonuria, hepatomegaly that
resolves with age; may show

Hepatic cirrhosis beginning at
several months of age; early

Muscle fatigue beginning in

hepatomegaly, ketonuria

Clinical findings similar to

Table 52-1 | Glycogen Storage Diseases
AFFECTED ORGANS
DISEASE ENZYME AFFECTED
Type 1a: Glucose-6- Liver, kidney, Gl
von Gierke phosphatase tract, platelets  ketosis, hepatomegaly,
hypotonia, slow growth,
xanthomas
Type 1b Glucose-6-phosphate  Liver, kidney, Gl
translocase tract, platelets,
white blood neutropenia
cells
Type Il Lysosomal All; notably
Pompe a-glucosidase striated muscle,
nerve cells
Type llI: Debranching enzyme  Liver, muscles
Forbes
muscle fatigue
Type IV: Branching enzyme Liver, other
Andersen tissues
liver failure
Type V: Muscle Muscle
McArdle phosphorylase adolescence
Type VI: Liver phosphorylase Liver Mild hypoglycemia with
Hers
Type VII: Muscle Muscle
Tarui phosphofructokinase type V
Type VIII Phosphorylase kinase  Liver

Clinical findings similar to type
I, without myopathy

Hypoglycemia,

lactic acidemia,
liver may not be
enlarged

As type 1a but also

may present with
infections

May have muscle
weakness,
cardiomegaly, or
both

Usually none

Usually none

None
Usually none
None

None

Early death from
hypoglycemia, lactic acidosis;
do well with early diagnosis
and strict adherence to
dietary therapy; hepatomas
may occur in late childhood

In addition to risks for type 1a,
children have significant Gl
dysfunction. Historically death
due to infections has occurred
in the second decade.

Very poor in neonatal form;
death in the first year of life is
usual; variants exist; therapy
with recombinant human
a-glucosidase is promising

Very good for hepatic
disorder; if myopathy present,
it tends to be like that of type
land V

Very poor; death from hepatic
failure in first decade is typical
Good, with sedentary lifestyle
Probably good

Similar to that of type V

Good

Gl, Gastrointestinal.

*Except for one form of hepatic phosphorylase kinase, which is X-linked, these disorders are autosomal recessive.
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(1)

Glycogen

()

Glycogen

Figure 52-1 Glycogen synthesis and degra-
dation. (1) Glycogen synthetase, (2) brancher
enzyme, (3) debrancher enzyme, (4) phospho-
glucomutase, (5) glucose-6-phosphatase.

Uridine—diphosphoglucose
(straight chains)

(branched structure)

Phosphorylase a

Limit Dextrin + Glucose-1-POy4

(1\ ‘/(5)
Glycogen

(normal branched) + Glucose

Phosphorylase b kinase

(inactive) Epinephrine

Glucagon
Protein kinase
(inactive)

Protein kinase
(active)

Phosphorylase b kinase
(active)

Phosphorylase b
(4)

Glucose-6-PO,4

blood glucose levels or supplying alternative energy sources
to muscle. In glucose-6-phosphatase deficiency (type I), the
treatment usually requires nocturnal intragastric feedings of
glucose during the first 1 or 2 years of life. Thereafter, snacks
or nocturnal intragastric feedings of uncooked cornstarch
may be satisfactory; hepatic tumors (sometimes malignant)
are a threat in adolescence and adult life. No specific treat-
ment exists for the diseases of muscle that impair skeletal
muscle ischemic exercise. Enzyme replacement early in life
is effective in Pompe disease (type II), which involves cardiac
and skeletal muscle.

GALACTOSEMIA

= Decision-Making Algorithms
’ Available @ StudentConsult.com

Visual Impairment and Leukocoria
Jaundice

Hepatomegaly

Alkalemia

Galactosemia is an autosomal recessive disease caused by defi-
ciency of galactose-1-phosphate uridyltransferase (Fig. 52-2).
Clinical manifestations are most striking in a neonate who,
when fed milk, generally exhibits evidence of liver failure
(hyperbilirubinemia, disorders of coagulation, hypoglycemia),
disordered renal tubular function (acidosis, glycosuria, ami-
noaciduria), and cataracts. The neonatal screening test must
have a rapid turnaround time because affected infants may die
in the first week of life. Affected infants are at increased risk for
severe neonatal Escherichia coli sepsis. Major effects on liver
and kidney function and the development of cataracts are lim-
ited to the first few years of life; older children may have learn-
ing disorders despite dietary compliance. Girls usually develop
premature ovarian failure despite treatment.

Laboratory manifestations of galactosemia depend on
dietary galactose intake. When galactose is ingested (as lac-
tose), levels of plasma galactose and erythrocyte galactose

Dietary (1)
lactose

Galactose + Glucose

@)

Uridine-diphosphoglucose Galactose-1-POy
“) 3)

Uridine-diphosphogalactose + Glucose-1-PO,

Figure 52-2 Pathway of galactose metabolism. (1) Lactase (intes-
tinal), (2) galactokinase, (3) galactose-1-phosphate uridyltransferase,
(4) uridine diphosphoglucose 4-epimerase.

1-phosphate are elevated. Hypoglycemia is frequent, and albu-
minuria is present. Galactose frequently is present in the urine
and can be detected by a positive reaction for reducing sub-
stances without a reaction with glucose oxidase on urine strip
tests. The absence of urinary reducing substances cannot be
reliedontoexcludethediagnosis. Thediagnosisismadebyshow-
ing extreme reduction in erythrocyte galactose-1-phosphate
uridyltransferase activity. DNA testing for the mutations in
galactose-1-phosphate uridyltransferase confirms the diagno-
sis and may be useful in predicting prognosis. Renal tubular
dysfunction may be evidenced by a normal-anion-gap hyper-
chloremic metabolic acidosis. Treatment by the elimination
of dietary galactose results in rapid correction of abnormali-
ties, but infants who are extremely ill before treatment may die
before therapy is effective.

Galactokinase deficiency, an autosomal recessive disor-
der, also leads to the accumulation of galactose in body flu-
ids (see Fig. 52-2), which results in the formation of galactitol
(dulcitol) through the action of aldose reductase. Galactitol,
acting as an osmotic agent, can be responsible for cataract for-
mation and, rarely, for increased intracranial pressure. These
are the only clinical manifestations. Individuals homozygous
for galactokinase deficiency usually develop cataracts after the
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neonatal period, whereas heterozygous individuals may be at
risk for cataracts as adults.

Hereditary fructose intolerance, in many ways, is analo-
gous to galactosemia. When fructose is ingested, deficiency of
fructose-1-phosphate aldolase leads to the intracellular accu-
mulation of fructose 1-phosphate with resultant emesis, hypo-
glycemia, and severe liver and kidney disease. Elimination of
fructose and sucrose from the diet prevents clinical disease.
Fructosuria is caused by fructokinase deficiency, but its defi-
ciency is not associated with clinical consequences.

AMINO ACID
DISORDERS

DISORDERS OF AMINO ACID

METABOLISM

Disorders of amino acid metabolism are the result of the inabil-
ity to catabolize specific amino acids derived from protein.
Usually a single amino acid pathway is involved. This amino
acid accumulates in excess and is toxic to various organs, such
as the brain, eyes, skin, or liver. Treatment is directed at the
specific pathway and usually involves dietary restriction of the
offending amino acid and supplementation with special med-
ical foods (formulas) that provide the other amino acids and
other nutrients. Confirmatory testing includes quantitative
specific plasma amino acid profiles along with specific muta-
tion testing and sometimes enzymology.

PHENYLKETONURIA
Phenylketonuria (PKU), an autosomal recessive disease, pri-
marily affects the brain and occurs in 1 in 10,000 persons.
Classic PKU is the result from a defect in the hydroxylation
of phenylalanine to form tyrosine (Fig. 53-1); the activity of
phenylalanine hydroxylase in the liver is absent or greatly
reduced. Affected infants are normal at birth, but if untreated,
severe mental retardation (IQ 30) develops in the first year of
life. A positive newborn screening test must be followed up by
performing quantitative plasma amino acid analysis. A plasma
phenylalanine value of greater than 360 uM (6 mg/dL) is con-
sistent with the diagnosis of one of the hyperphenylalaninemias
and demands prompt evaluation and treatment. Untreated,
classic PKU is characterized by blood phenylalanine concen-
trations higher than 600 uM. Milder forms of hyperphenylala-
ninemia are indicated by values of plasma phenylalanine lower
than this but higher than 360 uM. A significant percentage of
premature infants and a few full-term infants have transient
elevations in phenylalanine. Short-term follow-up usually
identifies these infants promptly. A small percentage of infants
diagnosed with PKU (<2% in the United States) have a defect
in the synthesis or metabolism of tetrahydrobiopterin, the
cofactor for phenylalanine hydroxylase and for other enzymes
involved in the intermediary metabolism of aromatic amino
acids. Such disorders in biopterin metabolism are diagnosed
by measuring dihydrobiopterin reductase in erythrocytes and
by analyzing biopterin metabolites in urine. This testing should
be carried out in all hyperphenylalaninemic infants.
Treatment is designed to maintain plasma phenylalanine
values in the therapeutic range of 120 to 360 mM using a diet
specifically restricted in phenylalanine but otherwise nutri-
tionally complete. Since the early 1980s, treatment for life is
recommended to reduce the risks of long-term neuropsychiat-
ric problems and reduce the risk of maternal PKU syndrome.
Outcome of treatment in classic PKU is excellent. Most
infants with classic PKU who are treated within the first

(1)

Phenylalanine Tyrosine
Tetrahydrobiopterin
@) yeronio @)
Phenylpyruvate @) p-Hydroxyphenylpyruvate
®)
de novo synthesis ——  Dihydrobiopterin Homogentisate
@) (4)
Tetrahydrobiopterin Maleylacetoacetate
(8)
Tyrosine Dopa SA (5)
Tryptophan 5-Hydroxytryptophan ‘\
© Fumarylacetoacetate
(6)

Fumarate + acetoacetate

Figure 53-1 Metabolism of aromatic amino acids. (1) Phenylalanine hydroxylase, (2) transaminase, (3) p-hydroxyphenylpyruvate oxidase, (4)
homogentisate oxidase, (5) maleylacetoacetate isomerase, (6) fumarylacetoacetate hydrolase, (7) dihydrobiopterin reductase, (8) tyrosine hydrox-

ylase, (9) tryptophan hydroxylase. SA, Succinylacetone.
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10 days of life achieve normal intelligence. However, learn-
ing problems and problems with executive function are
more frequent than in unaffected peers. The safe concen-
tration of phenylalanine in older children and adults with
PKU has not been clearly established. Reversible cognitive
dysfunction is associated with acute elevations of plasma
phenylalanine in adults and children with PKU. If the ele-
vated level has been sustained, the dysfunction may not be
reversible. Treatment with modified preparation of tetrahy-
drobiopterin has shown good responses in some individuals
with PKU.

Females with PKU and their families must be educated on
the risks and prevention of “maternal PKU syndrome.” Mater-
nal hyperphenylalaninemia requires rigorous management
before conception and throughout pregnancy to prevent fetal
brain damage, congenital heart disease, and microcephaly.

TYROSINEMIAS

Tyrosinemia is identified in neonatal screening programs
using tandem mass spectrometry methods to detect elevated
tyrosine and/or succinylacetone. Elevated tyrosine levels also
occur as a nonspecific consequence of severe liver disease
or transient tyrosinemia of the newborn, which responds to
ascorbic acid treatment. The inherited disorders of tyrosine
metabolism are the target of neonatal screening. Tyrosine-
mia Type I, which is due to fumarylacetoacetate hydrolase
deficiency (see Fig. 53-1), is a rare disease in which accu-
mulated metabolites produce severe liver disease associated
with bleeding disorder, hypoglycemia, hypoalbuminemia,
elevated transaminases, and defects in renal tubular func-
tion. Hepatocellular carcinoma may eventually occur. Quan-
titative measurement of plasma tyrosine and blood or urine
succinylacetone is performed after a positive neonatal screen.
The diagnosis of tyrosinemia I is confirmed by an increased
concentration of succinylacetone; DNA testing is available
for some mutations. Treatment with nitisinone (NTBC) (an
inhibitor of the oxidation of parahydroxyphenylpyruvic acid)
effectively eliminates the production of the toxic succinylace-
tone. A low-phenylalanine, low-tyrosine diet may also play a
role. These treatments have obviated the immediate need for
liver transplantation in children identified by neonatal screen-
ing. Whether they completely eliminate the occurrence of
hepatocellular carcinoma is unknown.

Tyrosinemias II and III are more benign forms of hered-
itary tyrosinemia. Blocked metabolism of tyrosine at earlier
steps in the pathway is responsible, and succinylacetone is
not produced. The clinical features include hyperkeratosis of
palms and soles and keratitis, which can cause severe visual
disturbance. Poor dietary compliance with type II tyrosinemia
is associated with mild cognitive impairment. Treatment with
a phenylalanine- and tyrosine-restricted diet is effective.

HOMOCYSTINURIA

Homocystinuria, an autosomal recessive disease (1:200,000 live
births) involving connective tissue, the brain, and the vascular
system, is caused by a deficiency of cystathionine f-synthase.
In the normal metabolism of the sulfur amino acids, methi-
onine gives rise to cystine; homocysteine is a pivotal interme-
diate (Fig. 53-2). When cystathionine [-synthase is deficient,
homocysteine accumulates in the blood and appears in the

urine. Another result is enhanced reconversion of homocys-
teine to methionine, resulting in an increase in the concen-
tration of methionine in the blood. The neonatal screening
test most commonly used measures methionine. An excess of
homocysteine produces a slowly evolving clinical syndrome
that includes dislocated ocular lenses; long, slender extrem-
ities; malar flushing; and livedo reticularis. Arachnodactyly,
scoliosis, pectus excavatum or carinatum, and genu valgum
are skeletal features. Mental retardation, psychiatric illness, or
both may be present. Major arterial or venous thromboses are
a constant threat.

Confirmation of the diagnosis requires demonstration of
elevated total homocysteine in the blood. A plasma amino
acid profile reveals hypermethioninemia. Measurement of
cystathionine $-synthase is not clinically available, but numer-
ous mutations in the gene are known and can be tested.

There are two clinical forms of homocystinuria. In one
form, activity of the deficient enzyme can be enhanced by
the administration of large doses of pyridoxine (100 to 1000
mg/day). Folate supplementation is added to overcome folate
deficiency if folate is trapped in the process of remethylation
of homocysteine to methionine. This pyridoxine-responsive
form comprises about 50% of cases and is the more likely form
to be missed by neonatal screening because the methionine
concentrations are not always above the screening cutoff. The
second form is not responsive to pyridoxine therapy. The accu-
mulation of homocysteine is controlled with a methionine-
restricted diet and cystine and folate supplementation. The use
of supplemental betaine (trimethylglycine), a donor of methyl
groups for remethylation of homocysteine to methionine, also
has a role in the management of pyridoxine-unresponsive
patients. Diet and betaine are sometimes required to control
plasma homocysteine, even in pyridoxine-responsive patients.
The prognosis is good for infants whose plasma homocysteine
concentration is controlled.

Methionine

(1)

S-Adenosylmethionine

@)

Methylene Betaine
tetrahydrofolate (7)
(6) S-Adenosylhomocysteine

@)

Homocysteine

(4)

Cystathionine

(5)

Cysteine + serine

Figure 53-2 Metabolism of methionine and homocysteine. (1)
Methionine adenosyltransferase, (2) S-methyltransferase, (3) S-adeno-
sylhomocysteine hydrolase, (4) cystathionine B-synthase, (5) cystathi-
onase, (6) homocysteine methyltransferase, (7) betaine-homocysteine
methyltransferase.
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MAPLE SYRUP URINE DISEASE

Maple syrup urine disease (MSUD) is an autosomal recessive
disease, also called branched chain ketoaciduria. A deficiency
of the decarboxylase initiates the degradation of the keto-
acid analogs of the three branched chain amino acids—leu-
cine, isoleucine, and valine (Fig. 53-3). Classic MSUD is rare
(1:250,000) in the general population but much more common
in some population isolates (Pennsylvania Mennonites 1:150).
The American College of Medical Genetics neonatal screening
panel includes MSUD.

Although MSUD does have intermittent-onset and late-on-
set forms, clinical manifestations of the classic form typically
begin within 1 to 4 weeks of birth. Poor feeding, vomiting,
and tachypnea commonly are noted, but the hallmark of the
disease is profound depression of the central nervous system,
associated with alternating hypotonia and hypertonia (exten-
sor spasms), opisthotonos, and seizures. The urine has the
odor of maple syrup.

Laboratory manifestations of MSUD include hypoglyce-
mia and a variable presence of metabolic acidosis, with ele-
vation of the undetermined anions; the acidosis is caused,
in part, by plasma branched chain organic acids and, in
part, by the usual ketone bodies, p-hydroxybutyrate and

acetoacetate. Branched-chain ketoacids in urine (but not
B-hydroxybutyrate or acetoacetate) react immediately with
2,4-dinitrophenylhydrazine to form a copious, white precipitate.

The definitive diagnosis of MSUD generally is made by
showing large increases in plasma leucine, isoleucine, and
valine concentrations and identification of alloisoleucine in
the plasma in excess. The urinary organic acid profile is usually
abnormal and shows the ketoacid derivatives of the branched
chain amino acids.

Provision of adequate calories and protein, with restric-
tion of leucine, is crucial for acute and chronic management.
Hemodialysis, hemofiltration, or peritoneal dialysis can be
lifesaving during acidotic crises in addition to close moni-
toring and therapy for cerebral edema. Ordinary catabolic
stresses, such as moderate infections or labor and delivery in
a pregnant mother with MSUD, can precipitate clinical crises.
Liver transplantation effectively treats MSUD.

DISORDERS OF AMMONIA DISPOSAL

Inherited enzymatic deficiencies have been described for each
of the steps of urea synthesis (Fig. 53-4). Neonatal screening
does not currently detect all of the disorders in the urea cycle.

Isoleucine

|

o-Keto-B-methylvalerate
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o-Methylbutyryl-CoA
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|

o-Ketoisocaproate
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Isovaleryl-CoA
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Valine

|

o-Ketoisovalerate
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Isobutyryl-CoA
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pyrophosphate
Figure 53-3 Metabolism of the branched chain
amino acids. (1) Aminotransferases, (2) a-ketoacid
dehydrogenase complex.

Ornithine
Citrulline
6
Urea 4 Aspartate
Arginine
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Fumarate

Figure 53-4 The urea cycle.
Site of enzymatic defects: (1)
N-acetylglutamate synthase (N-
AG), (2) carbamoyl phosphate
synthetase, (3) ornithine carbamo-
yltransferase, (4) argininosuccinate
acid synthetase, (5) argininosucci-
nate acid lyase, (é) arginase. Trans-
porters (star). (7) citrin, (8) ornithine
translocator (star). AKG, Alpha
ketoglutarate.
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Clinically the two most frequent disorders in the United States
are ornithine carbamoyltransferase (OTC) deficiency and
argininosuccinate lyase (ASL) deficiency.

Ornithine carbamoyltransferase (OTC) deficiency is
X-linked. Gene mutations include both deletions and point
mutations. If the enzyme is nonfunctional, there is no OTC
activity in affected males, who are likely to die in the neona-
tal period. Affected females are heterozygous and, because
of lyonization, may have a significant degree of enzyme defi-
ciency and may be clinically affected at any time in life. Clinical
manifestations range from lethal disease in the male (coma,
encephalopathy) to clinical normalcy in a high percentage
of females. Late-onset forms in males also occur. Manifesta-
tions in clinically affected females include recurrent emesis,
lethargy, seizures, developmental delay, mental retardation, or
episodic confusion. Affected females may spontaneously limit
their protein intake.

Confirmatory testing for OTC includes a plasma amino
acid profile, which may show reduced citrulline and arginine
concentrations with increased glutamate and alanine. A urine
organic acid profile shows increased excretion of orotic acid
after protein loading or with concurrent administration of
allopurinol. Mutation testing, deletion testing, and sequencing
of the entire coding region of the related genes are available as
clinical tests.

Argininosuccinate lyase (ASL) deficiency is autosomal
recessive, and most children in the United States are detected
as a result of an elevated citrulline on newborn screening. The
diagnosis is confirmed by the detection of elevated arginino-
succinic acid in the urine.

Treatment of Hyperammonemia

During episodes of symptomatic hyperammonemia, protein
intake is reduced, and intravenous glucose is given in suffi-
cient quantity to suppress catabolism of endogenous protein.
Ammonia can be eliminated by use of the alternate path-
way agents, sodium benzoate and sodium phenylacetate,
which are excreted in the urine as conjugates of glycine and
glutamine. Arginine, which is usually deficient, is supplied.
When ammonia levels are very high (>1000 uM) or refrac-
tory to therapy, direct removal of ammonia using hemodial-
ysis or hemofiltration, but not peritoneal dialysis, is required.
The neurologic status must be followed closely and cerebral
edema treated promptly. Despite successful management of
hyperammonemic crises, the long-term outcome for males
with severe neonatal OTC deficiency and all children with
severe ASL deficiency is guarded. Early liver transplantation
has increased survival, especially in males with severe OTC
deficiency.

Restriction of dietary protein intake to daily needs is the
mainstay of ongoing treatment for urea cycle defects. Crys-
talline essential amino acids can be supplied in amounts just
sufficient to support protein synthesis. Arginine is an essen-
tial amino acid when arginine synthesis via the urea cycle is
grossly impaired; thus arginine must be supplied except in the
case of arginase deficiency. Citrulline needs to be supplied for
some urea cycle disorders. For OTC deficiency and carbamoyl
phosphate synthase deficiency, treatment with phenylbutyrate
(which is metabolized to phenylacetate) prevents accumula-
tion of ammonia.

DISORDERS OF AMINO ACID TRANSPORT
THAT AFFECT SPECIFIC TRANSPORT
MECHANISMS IN THE KIDNEY AND
INTESTINE
Cystinuria is a disorder of renal tubular transport of cystine,
lysine, arginine, and ornithine. Although intestinal transport
is affected in some genetic forms, the symptoms are largely
due to the renal transport abnormality. The concentration of
cystine exceeds its solubility product and results in significant
renal stones. Evaluation and diagnosis are based on the pattern
of amino acid excretion in the urine. Mutation testing can be
done. Treatment is based on increasing the solubility of cys-
tine by complexing it with compounds such as penicillamine.
Intestinal transport of tryptophan is impaired in Hartnup
syndrome; pellagra-like symptoms result from this deficiency.
Diagnosis is based on the amino acid pattern in urine. Treat-
ment with tryptophan is successful.

ORGANIC ACID
DISORDERS

DISORDERS OF ORGANIC ACID

METABOLISM

Organic acid disorders result from a block in the pathways
of amino acid catabolism. Occurring after the amino moiety
has been removed, they result in the accumulation of specific
organic acids in the blood and urine. Treatment is directed
at the specific abnormality, with restriction in precursor sub-
strates and administration of enzyme cofactors, when available.
Outcome is generally poor for children with neonatal-onset
propionic or methylmalonic acidemia but is influenced by fre-
quency and severity of crises and is optimal when diagnosis
is made before the onset of the first episode. Liver transplan-
tation has been used in some patients with early indicators of
success. Confirmatory testing begins with a urine organic acid
profile and plasma amino acid profile. More specific testing
often requires enzyme measurements in appropriate tissues.
When abnormal results suggest a specific disorder, DNA test-
ing may identify the mutations involved.

PROPIONIC ACIDEMIA AND
METHYLMALONIC ACIDEMIA

Propionic acidemia and methylmalonic acidemia result from
defects in a series of reactions called the propionate pathway
(Fig. 54-1). Defects in these steps produce ketosis and hyper-
glycinemia. Propionic acidemia and methylmalonic acidemia
are identified by neonatal screening with tandem mass spec-
trometry methods. The clinical manifestations of both of
these disorders in the neonatal period consist of tachypnea,
vomiting, lethargy, coma, intermittent ketoacidosis, hypergly-
cinemia, neutropenia, thrombocytopenia, hyperammonemia,
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Figure 54-1 The propionate pathway. (1) B-
(®) Ketothiolase, (2) propionyl-CoA carboxylase, (3)
methylmalonyl-CoA isomerase, (4) methylmalonyl-
CoA mutase, (5) cobalamin metabolic pathway. CoA,
Coenzyme A.

and hypoglycemia. If these disorders are not identified by neo-
natal screening, intermittent episodes of metabolic acidosis
occur. Crises occur during periods of catabolic stress, such as
fever, vomiting, and diarrhea; they also may occur without an
apparent precipitating event. During periods of neutropenia,
the risk of serious bacterial infection is increased. Failure to
thrive and impaired development are common.

Propionic acidemia results from deficiency in propionyl
CoA-carboxylase, an enzyme that has two pairs of identical
subunits. All forms of propionic acidemia are inherited in an
autosomal recessive manner and are due to mutations in one of
the subunits. Methylmalonic acidemia results from deficiency
in methylmalonyl mutase; this may be caused by mutations in
the gene for the mutase protein itself or in one of the steps
of the synthesis of the cobalamin cofactors for the enzyme.
A complex set of defects in cobalamin metabolism results in
other forms of methylmalonic acidemia, some of which are
associated with hyperhomocystinemia. Treatment with mas-
sive doses of hydroxocobalamin (the active form of vitamin
B,) is helpful in some cases of methylmalonic acidemia.

For propionic acidemia and the vitamin B,-unrespon-
sive forms of methylmalonic acidemia, management includes
the restriction of dietary protein and addition of a medical
food deficient in the specific amino acid precursors of pro-
pionyl-CoA (isoleucine, valine, methionine, and threonine).
Carnitine supplementation is often needed because it is lost in
the urine as acylcarnitines. Intestinal bacteria produce a sig-
nificant quantity of propionate; thus, antibacterial treatment
to reduce the population of bacteria in the gut has some bene-
ficial effect in propionic acidemia and vitamin B;,~unresponsive
methylmalonic acidemia.

ISOVALERIC ACIDEMIA

Isovaleric acidemia results from a block in the catabolism
of leucine. Its clinical manifestations are similar to those of
defects in the propionate pathway. The strong odor of isovaleric
acid results in sweaty feet odor in untreated infants. Therapy
involves restricting the intake of leucine, and providing glycine

Leucine

(1) J

Isovaleryl-CoA + glycine ———

@) J{

B-Methylcrotonyl-CoA

Isovaleryl glycine

Figure 54-2 Metabolism in isovaleric acidemia. (1) Leucine cata-
bolic pathway (transamination and decarboxylation), (2) isovaleryl-CoA
dehydrogenase, (3) glycine acyltransferase. CoA, Coenzyme A.

as an alternate pathway therapy that conjugates isovaleric acid
(Fig. 54-2) and is then excreted in the urine.

GLUTARIC ACIDEMIA |

Glutaric acidemia I results from a deficiency at the end of the
lysine catabolic pathway. It is an autosomal recessive disease
produced by deficiency of glutaryl-CoA dehydrogenase activ-
ity (Fig. 54-3). Clinical manifestations include macroceph-
aly, which may be present at birth, with fever and metabolic
distress. Before the advent of newborn screening, more than
70% of children had metabolic stroke-like episodes associated
with infarction of the basal ganglia and dystonia, which char-
acteristically develops after an episode of intercurrent illness,
although it may reflect birth stress or prenatal insults. Treat-
ment includes a protein-restricted diet accompanied by a
medical food deficient in lysine and aggressive management
of intercurrent illness. Despite this treatment as many as one
third of children still develop neurologic symptoms.

BIOTINIDASE DEFICIENCY AND
HOLOCARBOXYLASE DEFICIENCY

Biotin is a ubiquitous vitamin that is covalently linked to many
carboxylases and cannot be recycled from its attachment to



Chapter 55 ¢ Fat Metabolic Disorders 179

Glutaryl-CoA Fatty acyl-CoA
(1) &)

e

+ETF (4)

Other CoA substrates

/

Reduced flavoprotein dehydrogenases (FADH,)

)

Oxidized flavoprotein dehydrogenases (FAD)

Reduced ETF (ETFH)
+ (5) + Ubiquinone
Reduced ubiquinone (in respiratory chain)

Figure 54-3 Scheme of flavoprotein metabolism with reference to glutaric aciduria types | and II. (1) Glutaryl-CoA dehydrogenase (deficient in
glutaric aciduria type1), (2) fatty acyl-CoA dehydrogenases, (3) other flavoprotein dehydrogenases, (4) ETF (deficiency results in glutaric aciduria
type ll), (5) ETF-ubiquinone oxidoreductase (deficiency results in glutaric aciduria type Il). CoA, Coenzyme A; ETF, electron transfer flavoprotein.

the carboxylases. Thus, inherited biotinidase deficiency
greatly increases the dietary requirement for biotin. Affected
individuals become biotin deficient while consuming normal
diets. Clinical disease can appear in the neonatal period or be
delayed until later infancy, depending on the degree of defi-
ciency.

Clinical manifestations of biotin deficiency vary greatly
(seizures, hypotonia, sensory neural deafness, alopecia, skin
rash, metabolic acidosis, immune deficits) and depend on
which enzymes in which tissues have the most biotin deple-
tion. Carboxylation is a crucial reaction in the metabolism
of organic acids; most patients with biotinidase deficiency
excrete abnormal amounts of several organic acids, among
which B-methyl-crotonylglycine is prominent. In addition
to biotinidase deficiency, an inherited deficiency of holocar-
boxylase synthetase gives rise to severe disease and to similar
patterns of organic aciduria. Both conditions respond well to
treatment with large doses of biotin (10 to 40 mg/day). Con-
firmatory testing is accomplished with quantitative measure-
ment of biotinidase activity.

FAT METABOLIC
DISORDERS

DISORDERS OF FATTY ACID OXIDATION
Fatty acids are derived from hydrolysis of triglycerides and
catabolism of fat. The catabolism of fatty acids (Fig. 55-1) pro-
ceeds through the serial, oxidative removal of two carbons at
a time as acetyl groups (each as acetyl-CoA). The reactions
are catalyzed by a group of enzymes that exhibit specificities
related to the chain length and other properties of the fatty
acids: very long chain acyl-CoA dehydrogenase (VLCAD),
long-chain hydroxyacyl-CoA dehydrogenase (LCHAD) or tri-
functional protein, medium-chain acyl-CoA dehydrogenase
(MCAD), and short-chain acyl-CoA dehydrogenase (SCAD).
MCAD deficiency is the most common inborn error
of P-oxidation. Hypoketotic hypoglycemia is a common

manifestation, as is Reye syndrome-like illness with hypo-
glycemia and elevated liver enzymes. Fatty infiltration of the
liver also occurs. True hepatic failure is rare. Episodes may be
recurrent in the patient or the family. Sudden infant death
syndrome is reported in infants with MCAD deficiency, per-
haps related to hypoglycemia. Treatment requires avoidance
of fasting and provision of calories with fever or other meta-
bolic stress. Medium-chain triglycerides must be avoided.

VLCAD deficiency and LCHAD (trifunctional protein)
deficiency result in significant myopathy and cardiomyopathy.
LCHAD deficiency is accompanied by a retinopathy in later
childhood. In all of the disorders of B-oxidation, carnitine
depletion can occur through excessive urinary excretion of
carnitine esters of the incompletely oxidized fatty acids. Mea-
surement of plasma carnitine is helpful in monitoring for this
deficiency, which results in weakness and muscle pain, along
with myoglobinuria in some people.

Hydroxymethylglutaryl-CoA lyase deficiency, although
not a disorder of B-oxidation, interferes profoundly with
hepatic adaptation to fasting by impairing ketogenesis (see
Fig. 55-1). The clinical manifestations are those of MCAD
deficiency, except that carnitine depletion is less prominent.

The diagnosis of disorders involving a deficiency of (-oxi-
dation is suggested by the clinical picture and by hypoketotic
hypoglycemia. The diagnosis is confirmed by analysis of uri-
nary organic acid and acylglycine profiles, along with plasma
acylcarnitine and free fatty acid profiles. Enzyme measure-
ments and DNA testing complete the confirmatory testing.
The profile of acylcarnitines in cultured skin fibroblasts may
be helpful if other testing is not conclusive. In MCAD defi-
ciency, a single mutation 985 A—G accounts for a significant
percentage of cases. Treatment includes avoidance of fasting,
as well as fluid and calorie supplementation during periods of
metabolic stress, such as fever. In MCAD deficiency, medi-
um-chain triglycerides must be avoided. In the long-chain
fatty acid metabolic disorders, provision of medium-chain
fatty acids improves muscle energy metabolism.

GLUTARIC ACIDURIA TYPE Il

Glutaric aciduria type II (multiple acyl-CoA dehydrogenase
deficiency) is a clinical disease produced by a defect in the
transfer of electrons from flavine adenine nucleotides to the
electron transport chain (electron transfer flavoprotein [ETF],
or ETF dehydrogenase); this defect results in a deficiency
of multiple fatty acyl CoA dehydrogenases (see Fig. 55-1).
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FIGURE 55-1 Scheme of fatty acid and catab-

olism and ketone body formation. (1) Carnitine
acyl-CoA dehydrogenases, (2) long-chain fatty
acyl-CoA dehydrogenase (trifunctional protein),
(3) medium-chain fatty acyl-CoA dehydrogenase,
(4) short-chain fatty acyl-CoA dehydrogenase,
(5) p-ketothiolase, (6) p-hydroxy-p-methylglutaryl-
CoA synthase, (7) B-hydroxy-p-methylglutaryl-CoA
lyase, (8) B-hydroxybutyrate dehydrogenase. CoA,

It should not be confused with glutaric acidemia type I (see
Chapter 54). When the enzyme essentially is nonfunctional,
congenital anomalies are common, including renal cysts, facial
abnormalities, rocker-bottom feet, and hypospadias. Severely
affected infants have nonketotic hypoglycemia, metabolic aci-
dosis, and the odor of sweaty feet soon after birth; these infants
may die within the neonatal period. Less severely affected
infants may have a more episodic, Reye syndrome-like illness.
Skeletal and cardiac myopathy can be prominent in this com-
plex, multisystemic disease. Onset in later childhood may be
marked by recurrent hypoglycemia and myopathy. Treatment
has not been effective in infants with complete deficiency.
Milder forms respond to avoidance of fasting and caloric
support during metabolic stress. Some patients respond to
administration of riboflavin. Glutaric aciduria type II exhibits
autosomal recessive inheritance. Confirmatory testing is simi-
lar to that for the other fatty acid oxidation disorders.

CARNITINE DEFICIENCY

Carnitine is a crucial cofactor in the transport of long-chain
fatty acids across the mitochondrial inner membrane (see Fig.
55-1). It is synthesized from lysine by humans and is present
in dietary red meat and dairy products. Carnitine deficiency
is either primary (caused by failure of intake, synthesis, or
transport of carnitine) or secondary (caused by the excretion
of excessive amounts of carnitine as carnityl esters in patients
with other inborn errors of metabolism; treatment with drugs
that complex carnitine, such as valproic acid; or as a result of
renal replacement therapy). Primary systemic carnitine defi-
ciency is rare and results from inadequate renal reabsorption
of carnitine secondary to a mutation in the sodium-dependent
carnitine transporter. It responds well to carnitine supplemen-
tation. There are numerous examples of secondary carnitine
deficiency among the organic acidurias, most prominently

Coenzyme A.

in disorders of the propionate pathway and in disorders of
the p-oxidation of long-chain and medium-chain fatty acids.
Clinical manifestations of carnitine deficiency include hypo-
ketotic hypoglycemia, lethargy, lassitude, muscle weakness,
sudden death, and cardiomyopathy.

LYSOSOMAL AND
PEROXISOMAL
DISORDERS

PEROXISOMAL DISORDERS

Peroxisomes are subcellular organelles involved in metabo-
lism and biosynthesis of bile acids, membrane phospholipids,
and some f-oxidation of long-chain fatty acids. Disorders
include conditions caused by abnormal peroxisomal enzyme
function and abnormal peroxisomal biogenesis. Clinical
symptoms are diverse and frequently include developmental
delay and dysmorphic features that can involve the skeleton
and the head. Zellweger syndrome, neonatal adrenoleukodys-
trophy, and infantile Refsum disease are examples of disorders
of peroxisome biogenesis. Zellweger syndrome, an autoso-
mal recessive disease (1:100,000 births), is also called cere-
brohepatorenal syndrome. Peroxisomes are virtually absent, as
are normal peroxisomal functions, which include the oxida-
tion of very long chain fatty acids. Affected infants have high



Table 56-1 | Lysosomal Storage Diseases

STORED MATERIAL WBC/BONE

DISEASE
(EPONYM)

ENZYME
DEFICIENCY

MUCOPOLYSACCHARIDOSES (MPS)

MPS | (Hurler)

MPS Il (Hunter)

MPS Il (Sanfilippo)

MPS IV (Morquiro)

MPS VI
(Maroteaux-Lamy)

MPS VII (Sly)

LIPIDOSES

Glucosylceramide
lipidosis
(Gaucher 1)
Glucosylceramide
lipidosis 2
(Gaucher 2)
Sphingomyelin
lipidosis A
(Niemann-Pick A)
Sphingomyelin
lipidosis B
(Niemann-Pick B)
Niemann-Pick C

GM,
gangliosidosis
(Tay-Sachs)

Generalized
gangliosidosis
(infantile) (GM;)

Metachromatic
leukodystrophy

Fabry disease

Galactosyl-
ceramide lipidosis
(Krabbe)

Wolman disease

a-L-lduronidase

|duronate-2-
sulfatase

One of several
degrading heparan
5043

Galactose-6-
sulfatase or
B-galactosidase

N-Acetylga-
lactosamine-4-
sulfatase

B-Glucuronidase

Glucocerebrosidase

Glucocerebrosidase

Sphingomyelinase

Sphingomyelinase

Lysosomal
cholesterol;
trafficking (NPC1
gene)

Hexosaminidase A

B-Galactosidase

Arylsulfatase A

a-Galactosidase A
(cerebrosidase)

Galactocerebroside
B-galactosidase

Acid lipase

CLINICAL
ONSET

~Tyr

1-2yr

2-6yr

2yr

2yr

Variable
neonatal

Any age

Fetal life to
2nd year

1st mo

1st mo or
later

Fetal life to
adolescence

3-6 mo

Neonatal to
1st mo

1-2yr
Childhood,

adolescence

Early months

Neonatal

DYSOSTOSIS

MULTIPLEX CORNEA

Yes

Yes

Mild

No, dwarfism

deformities

Yes

Yes

No

No

No

Yes

No

Cloudy

Clear

Clear

Faint

clouding

Cloudy

+ Cloudy

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Cloudy by
slit lamp

Clear

Clear

LIVER,

RETINA SPLEEN
— Both enlarged
Retinal Both enlarged
degeneration,
papilledema
— Liver +

enlarged

— Normal in size
— Both enlarged
Normal Both enlarged
Normal Both enlarged
Cherry-red Both enlarged

spots (50%)

Normal Both enlarged
Normal Enlarged
Cherry-red Normal

spots

Cherry-red Both enlarged

spots (50%)

Normal Normal

— Liver may be
enlarged

Optic atrophy Normal

Normal Both enlarged

CNS
FINDINGS

Profound loss of
function

Slow loss of
function

Rapid loss of
function

Normal

Normal

+ Affected

Normal

Profound loss of
function

Profound loss of
function

Normal

Vertical
ophthalmo-
plegia, dystonia,
cataplexy,
seizures

Profound loss of
function

Profound loss of
function

Profound loss of
function

Normal

Profound loss of
function

Profound loss of
function

IN URINE

Acid mucopoly-
saccharide

Acid mucopoly-
saccharide

Acid mucopoly-
saccharide

Acid mucopoly-
saccharide

Acid mucopoly-
saccharide

Acid mucopoly-
saccharide

No

No

No

No

No

No

No
No

No

No

MARROW

Alder-Reilly
bodies (WBC)

Alder-Reilly
bodies (WBC)

Alder-Reilly
bodies (WBC)

Alder-Reilly
bodies (WBC)

Alder-Reilly
bodies (WBC)

Alder-Reilly
bodies (WBC)

Gaucher cells
in marrow

Gaucher cells
in marrow

Foam cells in
marrow

Foam cells in
marrow

Foam cells
and sea-blue
histiocytes in
marrow

Normal

Inclusion in

WBC
Normal
Normal

Normal

Inclusion in
WBC

COMMENT

Kyphosis

X-linked

Nonimmune
hydrops

Bone pain
fractures

Pathogen-
esis not as
for NP-A and
NP-B

Sandhoff
disease
related

X-linked

Storage not
lysosomal

MULTIPLE
FORMS

Yes—
Scheie and
compounds

Yes

Several types

biochemically

Yes

Yes

Yes

Variability is
the rule

Yes

No

Yes

Lethal
neonatal to
adolescent
onset

Yes

Yes

Yes
No

Yes

Yes
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Table 56-1 | Lysosomal Storage Diseases—cont'd

STORED MATERIAL WBC/BONE

DISEASE
(EPONYM)

Farber
lipogranulo-
matosis

ENZYME
DEFICIENCY

Acid ceramidase

CLINICAL
ONSET

1st4 mo

DYSOSTOSIS
MULTIPLEX CORNEA

No

MUCOLIPIDOSES (ML) AND CLINICALLY RELATED DISEASE

Sialidosis Il
(formerly ML 1)

Sialidosis |
(formerly ML 1)

Galactosialidosis

ML Il (I-cell
disease)
ML Il (pseudo-

Hurler polydys-
trophy)

Multiple sulfatase
deficiency

Aspartylglyco-
saminuria

Mannosidosis

Fucosidosis

Neuraminidase

Neuraminidase

Absence of PP/

CathA causes loss of

neuraminidase and
B-galactosidase

Mannosyl
phosphotransferase

Mannosyl
phosphotransferase
Many sulfatases
Aspartylglucos-
aminidase

a-Mannosidase

a-L.-Fucosidase

Neonatal

Usually
second
decade

Usually
second
decade

Neonatal

2-4 yr

1-2yr
6 mo
1st mo

1st mo

Yes

Frequent

Yes

Yes

Yes

Mild

Yes

Yes

Usually
clear

Cloudy

Fine
opacities

Clouding

Clouding

Late
clouding

Usually
clear
Clear

Cloudy

Clear

STORAGE DISEASES CAUSED BY DEFECTS IN LYSOSOMAL PROTEOLYSIS

Neuronal ceroid
lipofuscinosis
(NCL), Batten
disease

Impaired lysosomal

specific etiologies

6 mo-10yr,
proteolysis— various adult form

No

Normal

RETINA

Cherry-red
spots (12%)

Cherry-red
spot

Cherry-red
spot

Cherry-red
spot

Normal

Usually
normal

Normal

May be
pigmented

May have
brown
pigment

STORAGE DISEASES CAUSED BY DEFECTIVE SYNTHESIS OF THE LYSOSOMAL MEMBRANE

Cardiomyopathy,
myopathy, mental
retardation,
Danon disease

Lamp-2, a
structural protein
of lysosomes, is
deficient

Usually 5-6 yr No

Normal

Normal

STORAGE DISEASES CAUSED BY DYSFUNCTION OF LYSOSOMAL TRANSPORT PROTEINS

Nephropathic
cystinosis

Salla disease

Defect in cystine
transport from
lysosome to
cytoplasm

Defect in sialic
acid transport
from lysosome to
cytoplasm

6 mo-1yr

6-9 mo

No

No

Cystine
crystals

Normal

Pigmentary

retinopathy

Normal

LIVER,
SPLEEN

May be
enlarged

Both enlarged

Normal

Occasionally
enlarged

Liver often
enlarged

Normal in size?
Both enlarged
Early, not late
Liver enlarged

Both enlarged
commonly

Normal,
distinct

Hepatomegaly

Hepatomegaly
common

Normal

CNs
FINDINGS

Normal or
impaired

Yes

Myoclonus,
seizures

Myoclonus,
seizures
Mental
retardation

IN URINE

Usually not

Oligosaccharides

Oligosaccharides

Oligosaccharides

Profound loss of Oligosaccharides

function

Modest loss of

function

Oligosaccharides

Profound loss of Acid mucopoly-

function

saccharide

Profound loss of Aspartylgluco-

function

samine

Profound loss of Generally no

function

Profound loss of Oligosaccharides

function

Optic atrophy,
seizures,
dementia

Delayed
development,
seizures

Normal CNS
function

Delayed
development,
ataxia,
nystagmus,
exotropia

Generalized
aminoaciduria

Sialic aciduria

MARROW

Vacuolated
lymphocytes

Usually none

Foamy
lymphocytes

No

Alder-Reilly
bodies (WBC)

Inclusions in
lymphocytes

Inclusions in
lymphocytes

Inclusions in
lymphocytes

Elevated
cystine in
WBCs

Vacuolated
lymphocytes
may be
found

COMMENT

Arthritis,
nodules

Cherry-
red spot/
myoclonus
syndrome

Onset from 1
to 40 yr

Gingival
hyperplasia

Ichthyosis

Develop
cataracts

Cataracts

Clinical
picture
consistent,
time course
variable

X-linked
pediatric
disease in
males only

Treatment
with
cysteamine is
effective

Growth
retarded in
some

MULTIPLE
FORMS

Yes

28l

Yes (also see
galactosiali-
dosis)

Severity varies

Congenital
and infantile
forms such as
sialidosis 2

No

SIapJosiq 21|ogeIs|N

No

Yes
No
Yes
Yes
Etiologies for

age-related
forms

Variability in
time course
of signs

Yes

Lethal
infantile form

CNS, Central nervous system; WBC, white blood cell.
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foreheads, flat orbital ridges, widely open fontanelles, hepato-
megaly, and hypotonia. Other anomalies are common. Failure
to thrive, seizures, and nystagmus develop early, and death
occurs within the first year. Refsum disease, neonatal adreno-
leukodystrophy, and malonic aciduria are examples of peroxi-
somal single-enzyme disorders. Diagnostic testing includes
measurement of very long chain fatty acids in plasma and
pipecolic acid in urine. Specific molecular testing, particu-
larly for the disorders involving one in the series of PEX genes,
is available for some disorders. Most of these conditions are
untreatable; however, bone marrow transplant can be helpful
in X-linked adrenoleukodystrophy before the onset of severe
symptoms.

LYSOSOMAL STORAGE DISORDERS

Lysosomes are subcellular organelles that contain degradative
enzymes for complex glycosaminoglycans, also called muco-
polysaccharides. Glycosaminoglycans are macromolecules
that play a number of roles within cells. Genetic disorders
result from abnormal formation of the lysosome itself or from
deficiency in specific hydrolytic enzymes, in the mechanisms
that protect intralysosomal enzymes from hydrolytic destruc-
tion, or in the transport of materials into the lysosome and of
metabolites out of the lysosome. These materials are stored in
cells and ultimately result in their destruction, especially in the
nervous system. The clinical disorders are diverse, reflecting
tissue specificity of lysosomal function and the intrinsic turn-
over rates of the compounds whose cycling is affected (Table
56-1). Some disorders affect many tissues but spare the brain.
Some are apparent only during adult life. Storage in solid
organs results in organomegaly. In many of these disorders,
developmental delay, corneal clouding, and limitation of joint
mobility are common features. Storage in tissues of the upper
and lower airways may result in respiratory compromise. Non-
immune hydrops fetalis occurs in several lysosomal disorders.

DIAGNOSTIC TESTING

Diagnostic testing includes measurement of glycosaminogly-
cans in urine and specific assays for lysosomal enzyme activ-
ity in white blood cells. If the urine test is positive, it helps
direct specific enzyme measurement. If it is negative, it does
not exclude a lysosomal storage disorder, and other testing
modalities are needed if clinical signs are convincing. In dis-
orders in which specific mutations are known, molecular test-
ing refines the diagnosis. Specific diagnosis, carrier testing,
and evaluation of at-risk family members require one of these
approaches. Making a specific diagnosis is assuming increas-
ing importance because specific treatment for some lysosomal
disorders is very effective.

TREATMENT STRATEGIES

Specific treatment directed at the metabolic abnormality is
available for some lysosomal disorders. In specific disor-
ders (Gaucher disease) oral medication may be successful
in reducing the accumulation of the metabolite that cannot
be catabolized. For some disorders, bone marrow (stem cell)
transplantation can restore lysosomal function. For oth-
ers, replacement of the missing hydrolytic enzyme by sys-
temic administration of the enzyme allows degradation of

stored material. The disorders caused by deficient a-L-idu-
ronidase (Hurler syndrome, Scheie syndrome, and their
variants) respond to treatment with intravenous human
recombinant «-L-iduronidase (laronidase). Other disor-
ders for which enzyme therapy is available include MPS VI
(Maroteaux-Lamy syndrome), Gaucher disease, Fabry dis-
ease, and MPS II (Hunter syndrome). Stem cell transplanta-
tion has been helpful or is under investigation in the following
disorders: MPS type IH (Hurler syndrome), MPS type VI
(Maroteaux-Lamy syndrome), MPS type VII (Sly syndrome),
Krabbe disease, metachromatic leukodystrophy, alpha-fu-
cosidosis, alpha-mannosidosis, Gaucher disease, and Nie-
mann-Pick disease type B. However, treatment for many of
these conditions is supportive, with careful attention to respi-
ratory status and physical therapy. As a result of the rapidly
changing therapeutic options, geneticists with a special inter-
est in these disorders should be consulted when a diagnosis is
suspected. Treatment decisions should be made by the family
in the light of the potential therapeutic benefits and burdens
of therapy and typically should be resolved before the onset of
central nervous system manifestations, which are typically not
improved by these approaches.

MITOCHONDRIAL
DISORDERS

MITOCHONDRIAL FUNCTION

Mitochondria are very complex organelles located in virtu-
ally all cells of the body. They perform a variety of functions
such as intracellular signaling of oxygen tension and key roles
in programmed cell death. From a biochemical perspective,
mitochondria are the key site of energy production in the cell.
Indeed they are the site of beta oxidation (see Chapter 55), the
Krebs cycle, and parts of the urea cycle (see Figure 53-4). This
complexity requires more than 1000 proteins localized specif-
ically to the mitochondrion. Only 13 of these are encoded by
the mitochondrial DNA (mtDNA); the remainder are nuclear
encoded (on the chromosomes) and require import into the
mitochondrion. In addition, the mitochondrial DNA needs its
own set of proteins to allow for its maintenance, transcription,
and translation.

Mitochondrial disorders are typically defined as defects in
the ability to generate energy from oxidative phosphorylation
to produce ATP by transferring electrons formed by glycolysis
and the Krebs cycle to a cascade that generates NADH and
FADH, (Fig. 57-1) and are also known as phosphorylation
disorders or respiratory chain disorders. The more depen-
dent on energy production an organ is, the more profound
the symptoms of deficiency of mitochondrial function in that
organ. Certain proteins are only expressed in specific tissues,
and defects in these will lead to differing patterns of disease.
Taken together, mitochondrial disorders may affect as many as
1 in 2500 people.
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Figure 57-1 The mammalian mitochondrial genome and its protein-coding gene repertoire involved in the oxidative phosphorylation pathway.
(A) Schematic representation of genes within mammalian mitochondrial genome (~7000 bp). Genes on the outer circle are transcribed from the
light strand. Location of the tRNAs (red boxes) conforms to the canonical placental mammalian arrangement. (B) Simplified view of the mito-
chondrial oxidative phosphorylation machinery. Complexes | (NADH dehydrogenase) and Il (succinate dehydrogenase) receive electrons from
either NADH or FADH2. Electrons are then carried between complexes by the carrier molecules coenzyme Q/ubiquinone (UQ) and cytochrome
¢ (CYC). The potential energy of these electron transfer events is used to pump protons against the gradient, from the mitochondrial matrix
into the intermembrane space [complexes | and Il (cytochrome bc;) and IV (cytochrome c oxidase)]. ATP synthesis by complex V (ATP synthase)
is driven by the proton gradient and occurs in the mitochondrial matrix. HSF, Putative heavy-strand promoter; IM, intermembrane space; MM,
mitochondrial matrix; OHR, origin of heavy-strand replication; OLR, origin of light-strand replication. (From da Fonseca RR, Johnson WE, O'Brien
SJ, et al: The adaptive evolution of the mammalian mitochondrial genome, BMC Genomics 9:119, 2008.)

SIGNS AND SYMPTOMS OF GENETIC
DISORDERS OF MITOCHONDRIAL

FUNCTION

The signs and symptoms of mitochondrial disorders are var-
ied. Symptoms depend on how an organ is affected by energy
deficiency. Muscle function that is compromised will result in
muscle fatigue and weakness. Myopathy is common and may
show ragged red fibers on a muscle biopsy. Rhabdomyoly-
sis can occur. Brain dysfunction may be expressed as seizures,
loss of intellectual function, headache, or signs consistent with
stroke. Spastic paraplegia may occur. Ataxia and basal ganglia
symptoms are features of some disorders. Vision and eye mus-
cle movement may be compromised, with progressive exter-
nal ophthalmoplegia being almost diagnostic of an oxidative
phosphorylation defect. Cardiomyopathy is frequent, and
cardiac rhythm disturbances occur. Liver dysfunction may
be expressed as both synthetic deficiencies and liver failure.
Diabetes may signal pancreatic involvement. Renal tubular
abnormalities and renal failure both occur. Gastrointestinal
symptoms include both diarrhea and constipation that are dif-
ficult to treat. Alper disease (cerebral degeneration and liver
disease) and Leigh disease (subacute necrotizing encephalo-
myelopathy) show similar brain lesions but in distinctly differ-
ent areas of the brain. Because the signs and symptoms may
involve multiple organs and may seem nonspecific, physicians
may not suspect a mitochondrial disorder until significant
progression has occurred.

BIOCHEMICAL ABNORMALITIES

IN MITOCHONDRIAL FUNCTION

Defects in the mitochondrial respiratory chain may produce
lactic acidosis. Given the complexity of the respiratory chain,
it is not surprising that the described defects are varied as to
cause, intensity, and tissues affected. The metabolism of glu-
cose to carbon dioxide and water, with pyruvate as an inter-
mediate (Fig. 57-2), occurs as part of the energy cycle in many
tissues. Interference with mitochondrial oxidative metabolism
may result in the accumulation of pyruvate. Because lactate
dehydrogenase is ubiquitous, and because the equilibrium cat-
alyzed by this enzyme greatly favors lactate over pyruvate, the
accumulation of pyruvate results in lactic acidosis. The most
common cause of such lactic acidosis is oxygen deficiency
caused by hypoxia or poor perfusion. Lactic acidosis also
occurs when specific reactions of pyruvate are impaired. In
the liver, pyruvate undergoes carboxylation to form oxaloace-
tate using the enzyme pyruvate carboxylase; deficiency in this
enzyme causes severe lactic acidosis. In many tissues, lactate is
catabolized to form acetyl coenzyme A (CoA) by the pyruvate
dehydrogenase complex; deficiency in pyruvate dehydroge-
nase also can cause lactic acidosis. Because these reactions also
play a role in gluconeogenesis, hypoglycemia can be a feature
of these disorders. These disorders comprise forms of primary
lactic acidosis. They frequently present as intractable, lethal
acidosis in the first days or weeks of life and are difficult to
treat. Some of the enzymes in this pathway can be measured
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Figure 57-2 Metabolism of pyruvate and lactate. (1) Alanine amino-
transferase, (2) lactate dehydrogenase, (3) pyruvate dehydrogenase,
(4) pyruvate carboxylase, (5) Krebs cycle, (6) phosphoenolpyruvate
carboxykinase, (7) reverse glycolysis. CoA, Coenzyme A.

and specific diagnosis can be made. This may require white
blood cells or tissue biopsy.

GENETICS OF MITOCHONDRIAL

DISORDERS

Mitochondrial function is carried out by proteins that are
coded for by both nuclear and mitochondrial genes. These
enzymes are extremely complicated, and several are quite
large. The mitochondrial genome encodes 13 subunits of the
enzymes involved in mitochondrial oxidative phosphoryla-
tion. More than 85 autosomal genes code for the rest of the sub-
units of these enzymes. In children, only about 15% of cases of
mitochondrial disease are caused by mutations in mitochon-
drial DNA (mtDNA); the rest are due to mutations in nuclear
genes. The most frequent cases in several large series have been
mutations that lead to a reduction in the ability of the mtDNA
to maintain itself. Large population studies show carrier rates
of about 2% of the population for mutations in polymerase
(DNA directed), gamma (POLG), and deoxyguanosine kinase
(DGUOK). Most disorders show autosomal recessive inheri-
tance. A few are X linked or passed on by maternal mtDNA

mutations, such as mitochondrial encephalopathy with lactic
acidosis (MELAS) and mitochondrial encephalopathy with
ragged red fibers (MERRF), or deletions such as maternally
inherited diabetes and deafness (MIDD).

TREATMENT OF MITOCHONDRIAL
DISORDERS

Repairing the basic energy deficit and getting the appropri-
ate drugs and cofactors to the appropriate location within the
mitochondrion are difficult. Nevertheless, a number of strate-
gies are used, including judicious physical therapy and exer-
cise with adequate rest, adequate nutrition, and cofactors for
the deficient pathway. Specific treatment is limited for most
mitochondrial defects. Vitamin cofactors for the respiratory
chain, such as riboflavin and pharmaceutical forms of coen-
zyme Q, are often used. When a single organ bears most of
the damage, organ transplant may be effective. Identification
of family members at risk may allow earlier diagnosis and
treatment.

The author would like to acknowledge Dr. Margretta R.
Seashore for her superb work in the last edition. Hers was
an excellent analysis of the topic and has informed much
of the present discussion.
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Chapter 58

ASSESSMENT OF THE
MOTHER, FETUS, AND
NEWBORN

ASSESSMENT OF THE MOTHER

Pregnancies associated with perinatal morbidity or mortality
are considered high risk. Identification of high-risk pregnan-
cies is essential to the care of the infant because they may result
in intrauterine fetal death, intrauterine growth restriction
(IUGR), congenital anomalies, excessive fetal growth, birth
asphyxia and trauma, prematurity (birth at <38 weeks) or
postmaturity (birth at 242 weeks), neonatal disease, or long-
term risks of cerebral palsy, mental retardation, and chronic
sequelae of neonatal intensive care. Ten percent to 20% of
women may be high risk at some time during their pregnancy.
Although some obstetric complications are first seen during
labor and delivery and cannot be predicted, more than 50% of
perinatal mortality and morbidity results from problems iden-
tified before delivery as high risk. After a high-risk pregnancy
is identified, measures can be instituted to prevent complica-
tions, provide intensive fetal surveillance, and initiate appro-
priate treatments of the mother and fetus.

A history of previous premature birth, intrauterine fetal
death, multiple gestation, IUGR, congenital malformation,
explained or unexplained neonatal death (e.g., group B strep-
tococcal sepsis), birth trauma, preeclampsia, gestational dia-
betes, grand multipara status (five or more pregnancies), or
cesarean section is associated with additional risk in subse-
quent pregnancies.

Pregnancy complications that increase the risk of a poor
outcome can be secondary to maternal or fetal causes or both.
Complications include placenta previa; abruptio placentae;
preeclampsia; diabetes; oligohydramnios or polyhydramnios;
multiple gestation; blood group sensitization; abnormal levels
of unconjugated estriols, chorionic gonadotropin, or alpha-fe-
toprotein; abnormal fetal ultrasound; hydrops fetalis; mater-
nal trauma or surgery; abnormal fetal presentation (breech);
exposure to prescribed or illicit drugs; prolonged labor; ceph-
alopelvic disproportion; prolapsed cord; fetal distress; pro-
longed or premature rupture of membranes; short cervical
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length (<25 mm) and the presence of fetal fibronectin in cer-
vical secretions at less than 35 weeks’” gestation (a predictor
of preterm labor); cervical infections and vaginosis; and con-
genital infections, including rubella, cytomegalovirus, herpes
simplex, human immunodeficiency virus (HIV), toxoplasmo-
sis, syphilis, and gonorrhea.

Maternal medical complications associated with increased
risk of maternal and fetal morbidity and mortality include dia-
betes, chronic hypertension, congenital heart disease (espe-
cially with right-to-left shunting and Eisenmenger complex),
glomerulonephritis, collagen vascular disease (especially
systemic lupus erythematosus with or without antiphospho-
lipid antibodies), lung disease (cystic fibrosis), severe anemia
(sickle cell anemia), hyperthyroidism, myasthenia gravis, idio-
pathic thrombocytopenic purpura, inborn errors of metabo-
lism (maternal phenylketonuria), and malignancy.

Obstetric complications often are associated with increased
fetal or neonatal risk. Vaginal bleeding in the first trimester
or early second trimester may be caused by a threatened or
actual spontaneous abortion and is associated with increased
risk of congenital malformations or chromosomal disorders.
Painless vaginal bleeding that is not associated with labor and
occurs in the late second or (more likely) third trimester often
is the result of placenta previa. Bleeding develops when the
placental mass overlies the internal cervical os; this may pro-
duce maternal hemorrhagic shock, necessitating transfusions.
Bleeding also may result in premature delivery. Painful vagi-
nal bleeding is often the result of retroplacental hemorrhage
or placental abruption. Associated findings may be advanced
maternal age and parity, maternal chronic hypertension,
maternal cocaine use, preterm rupture of membranes, poly-
hydramnios, twin gestation, and preeclampsia. Fetal asphyxia
ensues as the retroplacental hematoma causes placental sep-
aration that interferes with fetal oxygenation. Both types of
bleeding are associated with fetal blood loss. Neonatal anemia
may be more common with placenta previa.

Abnormalities in the volume of amniotic fluid, result-
ing in oligohydramnios or polyhydramnios, are associated
with increased fetal and neonatal risk. Oligohydramnios
(amniotic ultrasound fluid index <2 cm) is associated with
TUGR and major congenital anomalies, particularly of the
fetal kidneys, and with chromosomal syndromes. Bilateral
renal agenesis results in diminished production of amni-
otic fluid and a specific deformation syndrome (Potter syn-
drome), which includes clubfeet, characteristic compressed
facies, low-set ears, scaphoid abdomen, and diminished chest
wall size accompanied by pulmonary hypoplasia and, often,
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pneumothorax. Uterine compression in the absence of amni-
otic fluid retards lung growth, and patients with this condi-
tion die of respiratory failure rather than renal insufficiency.
Twin-to-twin transfusion syndrome (donor) and compli-
cations from amniotic fluid leakage also are associated with
oligohydramnios. Oligohydramnios increases the risk of fetal
distress during labor (meconium-stained fluid and variable
decelerations); the risk may be reduced by saline amnioinfu-
sion during labor.

Polyhydramnios may be acute and associated with prema-
ture labor, maternal discomfort, and respiratory compromise.
More often, polyhydramnios is chronic and is associated with
diabetes, immune or nonimmune hydrops fetalis, multiple
gestation, trisomy 18 or 21, and major congenital anomalies.
Anencephaly, hydrocephaly, and meningomyelocele are asso-
ciated with reduced fetal swallowing of amniotic fluid. Esoph-
ageal and duodenal atresia as well as cleft palate interfere with
swallowing and gastrointestinal fluid dynamics. Additional
causes of polyhydramnios include Werdnig-Hoffmann and
Beckwith-Wiedemann syndromes, conjoined twins, chylotho-
rax, cystic adenomatoid lung malformation, diaphragmatic
hernia, gastroschisis, sacral teratoma, placental chorioan-
gioma, and myotonic dystrophy. Hydrops fetalis may be a
result of Rh or other blood group incompatibilities and ane-
mia caused by intrauterine hemolysis of fetal erythrocytes
by maternal IgG-sensitized antibodies crossing the placenta.
Hydrops is characterized by fetal edema, ascites, hypoalbu-
minemia, and congestive heart failure. Causes of nonimmune
hydrops include fetal arrhythmias (supraventricular tachy-
cardia, congenital heart block), fetal anemia (bone marrow
suppression, nonimmune hemolysis, or twin-to-twin transfu-
sion), severe congenital malformation, intrauterine infections,
congenital neuroblastoma, inborn errors of metabolism (stor-
age diseases), fetal hepatitis, nephrotic syndrome, and pulmo-
nary lymphangiectasia. Twin-to-twin transfusion syndrome
(recipient) also may be associated with polyhydramnios. Poly-
hydramnios is often the result of unknown causes. If severe,
polyhydramnios may be managed with bed rest, indometha-
cin, or serial amniocenteses.

Premature rupture of the membranes, which occurs in the
absence of labor, and prolonged rupture of the membranes
(>24 hours) are associated with an increased risk of maternal
or fetal infection (chorioamnionitis) and preterm birth. In the
immediate newborn period, group B streptococcus and Esch-
erichia coli are the two most common pathogens associated
with sepsis. Listeria monocytogenes is a less common cause.
Mycoplasma hominis, Ureaplasma urealyticum, Chlamydia tra-
chomatis, and anaerobic bacteria of the vaginal flora also have
been implicated in infection of the amniotic fluid. Infection
with community-acquired methicillin-resistant Staphylococ-
cus aureus must be considered for infants with skin infections
or with known exposures. The risk of serious fetal infection
increases as the duration between rupture and labor (latent
period) increases, especially if the period is greater than 24
hours. Intrapartum antibiotic therapy decreases the risk of
neonatal sepsis.

Multiple gestations are associated with increased risk
resulting from polyhydramnios, premature birth, IUGR,
abnormal presentation (breech), congenital anomalies (intes-
tinal atresia, porencephaly, and single umbilical artery),
intrauterine fetal demise, birth asphyxia, and twin-to-twin
transfusion syndrome. Twin-to-twin transfusion syndrome

is associated with a high mortality and is seen only in monozy-
gotic twins who share a common placenta and have an arterio-
venous connection between their circulations. The fetus on the
arterial side of the shunt serves as the blood donor, resulting
in fetal anemia, growth retardation, and oligohydramnios for
this fetus. The recipient, or venous-side twin, is larger or dis-
cordant in size, is plethoric and polycythemic, and may show
polyhydramnios. Weight differences of 20% and hemoglobin
differences of 5 g/dL suggest the diagnosis. Ultrasonography
in the second trimester reveals discordant amniotic fluid
volume with oliguria/oligohydramnios and hypervolemia/
polyuria/polyhydramnios with a distended bladder, with or
without hydrops and heart failure. Treatment includes amnio-
centesis and attempts to ablate the arteriovenous connection
(using a laser). The birth order of twins also affects morbid-
ity by increasing the risk of the second-born twin for breech
position, birth asphyxia, birth trauma, and respiratory distress
syndrome.

Overall, twinning is observed in 1 of 80 pregnancies; 80%
of all twin gestations are dizygotic twins. The diagnosis of the
type of twins can be determined by placentation, sex, fetal
membrane structure, and, if necessary, tissue and blood group
typing or DNA analysis.

Toxemia of pregnancy, or preeclampsia/eclampsia, is a
disorder of unknown but probably vascular etiology that may
lead to maternal hypertension, uteroplacental insufficiency,
IUGR, intrauterine asphyxia, maternal seizures, and maternal
death. Toxemia is more common in nulliparous women and
in women with twin gestation, chronic hypertension, obesity,
renal disease, positive family history of toxemia, or diabetes
mellitus. A subcategory of preeclampsia, the HELLP syn-
drome (hemolysis, elevated liver enzyme levels, low platelets),
is more severe and is often associated with a fetal inborn error
of fatty acid oxidation (long-chain hydroxyacyl-coenzyme
A dehydrogenase of the trifunctional protein complex).

FETUS AND NEWBORN

The late fetal-early neonatal period has the highest mortal-
ity rate of any age interval. Perinatal mortality refers to fetal
deaths occurring from the 20th week of gestation until the
28th day after birth and is expressed as number of deaths per
1000 live births. Intrauterine fetal death accounts for 40% to
50% of the perinatal mortality rate. Such infants, defined as
stillborn, are born without a heart rate and are apneic, limp,
pale, and cyanotic. Many stillborn infants exhibit evidence of
maceration; pale, peeling skin; corneal opacification; and soft
cranial contents.

Mortality rates around the time of birth are expressed as
number of deaths per 1000 live births. The neonatal mortal-
ity rate includes all infants dying during the period from after
birth to the first 28 days of life. Modern neonatal intensive
care allows many newborns with life-threatening diseases to
survive the neonatal period, only to die of their original dis-
eases or of complications of therapy after 28 days of life. This
delayed mortality and mortality caused by acquired illnesses
occur during the postneonatal period, which begins after
28 days of life and extends to the end of the first year of life.

The infant mortality rate encompasses the neonatal and
the postneonatal periods. In the United States, it declined
to 6.15:1000 in 2010. The rate for African American infants
was approximately 11.6:1000. The most common causes of
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Table 58-1 | Major Causes of Perinatal and Neonatal
Mortality

FETUS

Abruptio placentae

Chromosomal anomalies

Congenital malformations (heart, CNS, renal)
Hydrops fetalis

Intrauterine asphyxia”

Intrauterine infection”

Maternal underlying disease (chronic hypertension, autoimmune
disease, diabetes mellitus)

Multiple gestation”
Placental insufficiency”
Umbilical cord accident
PRETERM INFANT

Respiratory distress syndrome/bronchopulmonary dysplasia
(chronic lung disease)”

Severe immaturity”
Congenital anomalies
Infection

Intraventricular hemorrhage”
Necrotizing enterocolitis
FULL-TERM INFANT

Birth asphyxia”

Birth trauma

Congenital anomalies”
Infection”

Macrosomia

Meconium aspiration pneumonia

Persistent pulmonary hypertension

CNS, Central nervous system.
*Common.

perinatal and neonatal death are listed in Table 58-1. Overall,
congenital anomalies and diseases of the premature infant are
the most significant causes of neonatal mortality.

Low birth weight (LBW) infants, defined as infants having
birth weights of less than 2500 g, represent a disproportion-
ately large component of the neonatal and infant mortality
rates. Although LBW infants make up only about 6% to 7% of
all births, they account for more than 70% of neonatal deaths.
IUGR is the most common cause of LBW in developing coun-
tries, whereas prematurity is the cause in developed countries.

Very low birth weight (VLBW) infants, weighing less than
1500 g at birth, represent about 1% of all births but account
for 50% of neonatal deaths. Compared with infants weighing
2500 g or more, LBW infants are 40 times more likely to die in
the neonatal period; VLBW infants have a 200-fold higher risk
of neonatal death. The LBW rate has not improved in recent
years and is one of the major reasons that the U.S. infant mor-
tality rate is high compared with other large, modern, indus-
trialized countries.

Maternal factors associated with a LBW caused by pre-
mature birth or IUGR include a previous LBW birth, low

socioeconomic status, low level of maternal education, no
antenatal care, maternal age younger than 16 years or older
than 35 years, short interval between pregnancies, cigarette
smoking, alcohol and illicit drug use, physical (excessive
standing or walking) or psychological (poor social support)
stresses, unmarried status, low pre-pregnancy weight (<45
kg), poor weight gain during pregnancy (<10 Ib), and African
American race. LBW and VLBW rates for African American
women are twice the rates for white women. The neonatal and
infant mortality rates are nearly twofold higher among Afri-
can American infants. These racial differences are only partly
explained by poverty.

ASSESSMENT OF THE FETUS

Fetal size can be determined accurately by ultrasound tech-
niques. Fetal growth can be assessed by determining the fun-
dal height of the uterus through bimanual examination of the
gravid abdomen. Ultrasound measurements of the fetal bipa-
rietal diameter, femur length, and abdominal circumference
are used to estimate fetal growth. A combination of these mea-
surements predicts fetal weight. Deviations from the normal
fetal growth curve are associated with high-risk conditions.

IUGR is present when fetal growth stops and, over time,
declines to less than the 5th percentile of growth for gesta-
tional age or when growth proceeds slowly, but absolute size
remains less than the 5th percentile. Growth restriction may
result from fetal conditions that reduce the innate growth
potential, such as fetal rubella infection, primordial dwarf-
ing syndromes, chromosomal abnormalities, and congenital
malformation syndromes. Reduced fetal production of insu-
lin and insulin-like growth factor I is associated with fetal
growth restriction. Placental causes of IUGR include villitis
(congenital infections), placental tumors, chronic abruptio
placentae, twin-to-twin transfusion syndrome, and placental
insufficiency. Maternal causes include severe peripheral vas-
cular diseases that reduce uterine blood flow (chronic hyper-
tension, diabetic vasculopathy, and preeclampsia/eclampsia),
reduced nutritional intake, alcohol or drug abuse, cigarette
smoking, and uterine constraint (noted predominantly in
mothers of small stature with a low prepregnancy weight) and
reduced weight gain during pregnancy. The outcome of [IUGR
depends on the cause of the reduced fetal growth and the asso-
ciated complications after birth (Table 58-2). Fetuses subjected
to chronic intrauterine hypoxia as a result of uteroplacental
insufficiency are at an increased risk for the comorbidities of
birth asphyxia, polycythemia, and hypoglycemia. Fetuses with
reduced tissue mass due to chromosomal, metabolic, or multi-
ple congenital anomaly syndromes have poor outcomes based
on the prognosis for the particular syndrome. Fetuses born to
small mothers and fetuses with poor nutritional intake usually
show catch-up growth after birth.

Fetal size does not always correlate with functional or
structural maturity. Determining fetal maturity is crucial
when making a decision to deliver a fetus because of fetal or
maternal disease. Fetal gestational age may be determined
accurately on the basis of a correct estimate of the last men-
strual period. Clinically relevant landmark dates can be used
to determine gestational age; the first audible heart tones by
fetoscope are detected at 18 to 20 weeks (12 to 14 weeks by
Doppler methods), and quickening of fetal movements usu-
ally is perceived at 18 to 20 weeks. However, it is not always
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Table 58-2 | Problems of Intrauterine Growth
Restriction and Small for Gestational Age

PROBLEM* PATHOGENESIS
Intrauterine fetal Placental insufficiency, hypoxia, acidosis,
demise infection, lethal anomaly
Temperature Cold stress, | fat stores, hypoxia,
instability hypoglycemia

L Uteroplacental perfusion during labor with
or without chronic fetal hypoxia-acidosis,
meconium aspiration syndrome

Perinatal asphyxia

1 Tissue glycogen stores; | gluconeogenesis,
hyperinsulinism, T glucose needs of hypoxia,
hypothermia, relatively large brain

Hypoglycemia

Polycythemia-
hyperviscosity

Fetal hypoxia with 1 erythropoietin production

Hypoxia, hypoglycemia, starvation effect, poor
subcutaneous fat stores

Reduced oxygen
consumption/
hypothermia

Dysmorphology Syndrome anomalads, chromosomal-
genetic disorders, oligohydramnios-induced
deformations

Pulmonary Hypothermia, polycythemia, hypoxia

hemorrhage

Modified from Carlo WA: The high-risk infant. In Kliegman RM, Stanton BF, St.
Geme JW, et al, editors: Nelson Textbook of Pediatrics, ed 19, Philadelphia,
2011, Elsevier Science.

*Other problems are common to the gestational age-related risks of
prematurity if born before 37 weeks.

possible to determine fetal maturity by such dating, especially
in a high-risk situation, such as preterm labor or a diabetic
pregnancy.

Surfactant, a combination of surface-active phospholip-
ids and proteins, is produced by the maturing fetal lung and
eventually is secreted into the amniotic fluid. The amount of
surfactant in amniotic fluid is a direct reflection of surface-
active material in the fetal lung and can be used to predict the
presence or absence of pulmonary maturity. Because phos-
phatidylcholine, or lecithin, is a principal component of sur-
factant, the determination of lecithin in amniotic fluid is used
to predict a mature fetus. Lecithin concentration increases
with increasing gestational age, beginning at 32 to 34 weeks.

Methods used to assess fetal well-being before the onset of
labor are focused on identifying a fetus at risk for asphyxia or
a fetus already compromised by uteroplacental insufficiency.
The oxytocin challenge test simulates uterine contractions
through an infusion of oxytocin sufficient to produce three
contractions in a 10-minute period. The development of peri-
odic fetal bradycardia out of phase with uterine contractions
(late deceleration) is a positive test result and predicts an
at-risk fetus.

The nonstress test examines the heart rate response to fetal
body movements. Heart rate increases of more than 15 beats/
min lasting 15 seconds, are reassuring. If two such episodes
occur in 30 minutes, the test result is considered reactive (ver-
sus nonreactive), and the fetus is not at risk. Additional signs
of fetal well-being are fetal breathing movements, gross body
movements, fetal tone, and the presence of amniotic fluid
pockets more than 2 cm in size, detected by ultrasound. The
biophysical profile combines the nonstress test with these
four parameters and offers the most accurate fetal assessment.

Doppler examination of the fetal aorta or umbilical arter-
ies permits identification of decreased or reversed diastolic
blood flow associated with increased peripheral vascular resis-
tance, fetal hypoxia with acidosis, and placental insufficiency.
Cordocentesis (percutaneous umbilical blood sampling)
can provide fetal blood for Po,, pH, lactate, and hemoglobin
measurements to identify a hypoxic, acidotic, or anemic fetus
who is at risk for intrauterine fetal demise or birth asphyxia.
Cordocentesis also can be used to determine fetal blood type,
platelet count, microbial testing, antibody titer, and rapid
karyotype.

In a high-risk pregnancy, the fetal heart rate should be moni-
tored continuously during labor, as should uterine contractions.
Fetal heart rate abnormalities may indicate baseline tachycar-
dia (>160 beats/min as a result of anemia, -sympathomimetic
drugs, maternal fever, hyperthyroidism, arrhythmia, or fetal dis-
tress), baseline bradycardia (<120 beats/min as a result of fetal
distress, complete heart block, or local anesthetics), or reduced
beat-to-beat variability (flattened tracing resulting from fetal
sleep, tachycardia, atropine, sedatives, prematurity, or fetal
distress). Periodic changes of the heart rate relative to uterine
pressure help determine the presence of hypoxia and acidosis
caused by uteroplacental insufficiency or maternal hypotension
(late or type II decelerations) or by umbilical cord compression
(variable decelerations). In the presence of severe decelera-
tions (late or repeated prolonged variable), a fetal scalp blood
gas level should be obtained to assess fetal acidosis. A scalp
pH of less than 7.20 indicates fetal hypoxic compromise. A pH
between 7.20 and 7.25 is in a borderline zone and warrants
repeat testing.

Fetal anomalies may be detected by ultrasonography.
Emphasis should be placed on visualization of the genito-
urinary tract; the head (for anencephaly or hydrocephaly),
neck (for thickened nuchal translucency), and back (for spina
bifida); skeleton; gastrointestinal tract; and heart. Four-cham-
ber and great artery views are required for detection of heart
anomalies. Chromosomal anomaly syndromes are often
associated with an abnormal “triple test” (low estriols, low
maternal serum alpha-fetoprotein levels, and elevated pla-
cental chorionic gonadotropin levels). If a fetal abnormality is
detected, fetal therapy or delivery with therapy in the neonatal
intensive care unit may be lifesaving.

ASSESSMENT OF THE NEWBORN

The approach to the birth of an infant requires a detailed his-
tory (Table 58-3). Knowing the mother’s risk factors enables
the delivery room team to anticipate problems that may
occur after birth. The history of a woman’s labor and delivery
can reveal events that might lead to complications affecting
either the mother or the neonate, even when the pregnancy
was previously considered low risk. Anticipating the need to
resuscitate a newborn as a result of fetal distress increases the
likelihood of successful resuscitation.

The transition from fetal to neonatal physiology occurs
at birth. Oxygen transport across the placenta results in a
gradient between the maternal and fetal Pao,. Although fetal
oxygenated blood has a low Pao, level compared with that
of adults and infants, the fetus is not anaerobic. Fetal oxy-
gen uptake and consumption are similar to neonatal rates,
even though the thermal environments and activity levels of
fetuses and neonates differ. The oxygen content of fetal blood
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Table 58-3 | Components of the Perinatal History

DEMOGRAPHIC SOCIAL INFORMATION
Age

Race

Sexually transmitted infections, hepatitis, AIDS
lllicit drugs, cigarettes, ethanol, cocaine
Immune status (syphilis, rubella, hepatitis B, HIV, blood group)
Occupational exposure

PAST MEDICAL DISEASES

Chronic hypertension

Heart disease

Diabetes mellitus

Thyroid disorders

Hematologic/malignancy

Collagen-vascular disease (SLE)

Genetic history—inborn errors of metabolism, bleeding, jaundice
Drug therapy

PRIOR PREGNANCY

Abortion/stillbirths

Intrauterine fetal demise

Congenital malformation

Incompetent cervix

Birth weight

Prematurity

Twins

Blood group sensitization/neonatal jaundice
Hydrops

Infertility

PRESENT PREGNANCY

Current gestational age

Method of assessing gestational age

Fetal surveillance (OCT, NST, biophysical profile)
Ultrasonography (anomalies, hydrops)

Amniotic fluid analysis (L/S ratio)
Oligohydramnios-polyhydramnios

Vaginal bleeding

Preterm labor

Premature (prolonged) rupture of membranes (duration)
Preeclampsia

Urinary tract infection

Colonization status (herpes simplex, group B streptococcus)
Medications/drugs

Acute medical illness/exposure to infectious agents
Fetal therapy

LABOR AND DELIVERY

Duration of labor

Presentation—vertex, breech

Vaginal versus cesarean section

Spontaneous labor versus augmented or induced with oxytocin
(Pitocin)

Forceps delivery

Presence of meconium-stained fluid
Maternal fever/amnionitis

Fetal heart rate patterns (distress)
Scalp pH

Maternal analgesia, anesthesia
Nuchal cord

Apgar score/methods of resuscitation
Gestational age assessment

Growth status (AGA, LGA, SGA)

AGA, Average for gestational age; AIDS, acquired immunodeficiency syndrome; LGA, large for gestational age; L/S, lecithin-to-sphingomyelin ratio; NST, nonstress
test; OCT, oxytocin challenge test; SGA, small for gestational age; SLE, systemic lupus erythematosus.

is almost equal to the oxygen content in older infants and chil-
dren because fetal blood has a much higher concentration of
hemoglobin.

Fetal hemoglobin (two alpha and two gamma chains) has a
higher affinity for oxygen than adult hemoglobin, facilitating
oxygen transfer across the placenta. The fetal hemoglobin-ox-
ygen dissociation curve is shifted to the left of the adult curve
(Fig. 58-1); at the same Pao, level, fetal hemoglobin is more
saturated than adult hemoglobin. Because fetal hemoglobin
functions on the steep, lower end of the oxygen saturation
curve (Pao,, 20 to 30 mm Hg), however, oxygen unloading
to the tissue is not deficient. In contrast, at the higher oxygen
concentrations present in the placenta, oxygen loading is
enhanced. In the last trimester, fetal hemoglobin production
begins to decrease as adult hemoglobin production begins
to increase, becoming the only hemoglobin available to the
infant by 3 to 6 months of life. At this time, the fetal hemoglo-
bin dissociation curve has shifted to the adult position.

A portion of well-oxygenated umbilical venous blood return-
ing to the heart from the placenta perfuses the liver. The remain-
der bypasses the liver through a shunt (the ductus venosus) and
enters the inferior vena cava. This oxygenated blood in the vena
cava constitutes 65% to 70% of venous return to the right atrium.
The crista dividens in the right atrium directs one third of this
blood across the patent foramen ovale to the left atrium, where
it subsequently is pumped to the coronary, cerebral, and upper
extremity circulations by the left ventricle. Venous return from
the upper body combines with the remaining two thirds of the
vena caval blood in the right atrium and is directed to the right
ventricle. This mixture of venous low-oxygenated blood from
the upper and lower body enters the pulmonary artery. Only 8%
to 10% of it is pumped to the pulmonary circuit; the remaining
80% to 92% of the right ventricular output bypasses the lungs
through a patent ductus arteriosus and enters the descending
aorta. The amount of blood flowing to the pulmonary system
is low because vasoconstriction produced by medial muscle



| Chapter 58 ¢ Assessment of the Mother, Fetus, and Newborn 191

100 [—

? TTemperature

£
Qo
o
()]
(o]
1
(0]
=
=
-% Fetal l
5 P
[v]
(%)
S T Pcoo
()]
: f
o DPG
=
(0]
8
[0
o
|
10 30 90

Oxygen tension (mm Hg)

Figure 58-1 Hemoglobin-oxygen dissociation curves. The position
of the adult curve depends on the binding of adult hemoglobin to
2,3-diphosphoglycerate (DPG), temperature, Pco,, and hydrogen ion
concentration (pH).

hypertrophy of the pulmonary arterioles and fluid in the fetal
lung increases resistance to blood flow. Pulmonary artery tone
also responds to hypoxia, hypercapnia, and acidosis with vaso-
constriction, a response that may increase pulmonary vascular
resistance further. The ductus arteriosus remains patent in the
fetus because of low Pao, levels and dilating prostaglandins. In
utero, the right ventricle is the dominant ventricle, pumping
65% of the combined ventricular output, which is a high vol-
ume (450 mL/kg/min) compared with that pumped by an older
infant’s right ventricle (200 mL/kg/min).

The transition of the circulation, occurring between the
fetal and neonatal periods, involves the removal of the low-
resistance circulation of the placenta, the onset of breathing,
reduction of pulmonary arterial resistance, and closure of
in utero shunts. Clamping the umbilical cord eliminates the
low-pressure system of the placenta and increases systemic
blood pressure. Decreased venous return from the placenta
decreases right atrial pressure. As breathing begins, air replaces
lung fluid, maintaining the functional residual capacity. Fluid
leaves the lung, in part, through the trachea; it is either swal-
lowed or squeezed out during vaginal delivery. The pulmonary
lymphatic and venous systems reabsorb the remaining fluid.

Most normal infants require little pressure to spontaneously
open the lungs after birth (5 to 10 cm H,0). With the onset
of breathing, pulmonary vascular resistance decreases, partly
a result of the mechanics of breathing and partly a result of
the elevated arterial oxygen tensions. The increased blood flow
to the lungs increases the volume of pulmonary venous blood
returning to the left atrium; left atrial pressure now exceeds
right atrial pressure, and the foramen ovale closes. As the flow
through the pulmonary circulation increases and arterial oxy-
gen tensions rise, the ductus arteriosus begins to constrict. In
a term infant, this constriction functionally closes the duc-
tus arteriosus within 1 day after birth. A permanent closure
requires thrombosis and fibrosis, a process that may take sev-
eral weeks. In a premature infant, the ductus arteriosus is less

sensitive to the effects of oxygen; if circulating levels of vaso-
dilating prostaglandins are elevated, the ductus arteriosus may
remain patent. This patency is a common problem in a prema-
ture infant with respiratory distress syndrome.

Ventilation, oxygenation, and normal pH and Pco, levels
immediately reduce pulmonary artery vasoconstriction by
causing smooth muscle relaxation. Remodeling of the medial
muscle hypertrophy begins at birth and continues for the
next 3 months, resulting in a further reduction of pulmo-
nary vascular resistance and a further increase of pulmonary
blood flow. Persistence or aggravation of pulmonary vaso-
constriction caused by acidosis, hypoxia, hypercapnia, hypo-
thermia, polycythemia, asphyxia, shunting of blood from the
lungs, or pulmonary parenchymal hypoplasia results in per-
sistent pulmonary hypertension of the newborn (PPHN).
Failure to replace pulmonary alveolar fluid completely with
air can lead to respiratory distress (transient tachypnea of
the newborn).

Routine Delivery Room Care

and Resuscitation

Silver nitrate (1%) instilled into both eyes without being
washed out is an indicated effective therapy for the prevention
of neonatal gonococcal ophthalmia, which can result in severe
panophthalmitis and subsequent blindness. Silver nitrate may
produce a chemical conjunctivitis with a mucopurulent dis-
charge and is not effective against C. trachomatis. Many hos-
pitals use erythromycin drops to prevent neonatal gonococcal
and chlamydial eye disease.

Bacterial colonization of a newborn may begin in utero
if the fetal membranes have been ruptured. Most infants
undergo colonization after birth and acquire the bacteria
present in the mother’s genitourinary system, such as group
B streptococci, staphylococci, E. coli, and clostridia. Antisep-
tic skin or cord care is routine in most nurseries to prevent
the spread of pathologic bacteria from one infant to another
and to prevent disease in the individual infant. Staphylococcal
bullous impetigo, omphalitis, diarrhea, and systemic disease
may result from colonization with virulent S. aureus. Triple
antibiotic ointment (polymyxin B, neomycin, and bacitracin)
or bacitracin may be applied to the umbilical cord to reduce
its colonization with gram-positive bacteria. Epidemics of
S. aureus nursery infections are managed with strict infectious
disease control measures (cohorting, hand washing, and mon-
itoring for colonization).

Vitamin K prophylaxis (intramuscular) should be given
to all infants to prevent hemorrhagic disease of the newborn.
Before discharge, infants should receive the hepatitis B vaccine
and be screened for various diseases (Tables 58-4 and 58-5).

Fetal or neonatal hypoxia, hypercapnia, poor cardiac out-
put, and a metabolic acidosis can result from numerous condi-
tions affecting the fetus, the placenta, or the mother. Whether
in utero or after birth, asphyxia-caused hypoxic-ischemic
brain injury is the result of reduced gaseous exchange
through the placenta or through the lungs. Asphyxia associ-
ated with severe bradycardia or cardiac insufficiency reduces
or eliminates tissue blood flow, resulting in ischemia. The fetal
and neonatal circulatory systems respond to reduced oxygen
availability by shunting the blood preferentially to the brain,
heart, and adrenal glands and away from the intestine, kid-
neys, lungs, and skin.
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Table 58-4 | Core Disorders Recommended for Screening by American College of Medical Genetics

DISORDER ACRONYM PRIMARY MARKER
METABOLIC DISORDERS DETECTED USING TANDEM MASS SPECTROMETRY
Organic Acid Disorders
Beta-ketothiolase deficiency (mitochondrial acetoacetyl CoA thiolase deficiency) BKT C5:1/C50H
Cobalamin defects A, B CBL (A,B) C3
Isovaleric acidemia” IVA C5
Glutaric aciduria | GA-| C5DC
3-Hydroxy 3-methylglutaryl-CoA lyase deficiency” HMG C50H/C5-3M-DC
Multiple carboxylase deficiency” MCD C3/C5CH
3-Methylcrotonyl-CoA carboxylase deficiency 3MCC C50H
Methylmalonic aciduria (mutase)” MMA C3
Propionic acidemia” PA C3
Fatty Acid Oxidation Defects
Carnitine uptake defect (carnitine transporter defect) CuUD Co
Long-chain hydroxyacyl-CoA dehydrogenase deficiency” LCHAD/D C160H/C18:10H
Medium-chain acyl-CoA dehydrogenase deficiency MCAD/D C8
Trifunctional protein deficiency” TFP C160H/C18:10H
Very long chain acyl-CoA dehydrogenase deficiency VLCAD/D C14:1/C14
Amino Acid Disorders
Argininosuccinic aciduria (argininosuccinate lyase deficiency)” ASA ASA
Citrullinemia | (argininosuccinate synthase deficiency)” CIT-l Citrulline
Phenylketonuria PKU Phenylalanine
Maple syrup urine disease” MSUD Leucine
Homocystinuria HCY Methionine
Tyrosinemia type | TYR-I Tyrosine
OTHER METABOLIC DISORDERS
Biotinidase deficiency BIOT Biotinidase activity
Galactosemia” GALT Total galactose, GALT activity
ENDOCRINE DISORDERS
Congenital adrenal hyperplasia” CAH 17-Hydroxyprogesterone
Congenital hypothyroidism CH T4 TSH
HEMOGLOBIN DISORDERS
Sickle cell anemia HbSS Hb variants
Sickle cell disorder HbS/C Hb variants
Hemoglobin S/B-thalassemia HbS/betaTh Hb variants
OTHER DISORDERS
Cystic fibrosis CF Immunoreactive trypsinogen
Hearing HEAR

From Sahai |, Levy H: Newborn screening. In Gleason C, Devasker D editors: Avery's diseases of the newborn, ed 9, Philadelphia, 2012, Saunders.

*Can manifest acutely in the first week of life.

Metabolic acidosis during asphyxia is caused by the combined
effects of poor cardiac output secondary to hypoxic depression
of myocardial function, systemic hypoxia, and tissue anaerobic
metabolism. With severe or prolonged intrauterine or neonatal
asphyxia, multiple vital organs are affected (Table 58-6).

Many conditions that contribute to fetal or neonatal
asphyxia are the same medical or obstetric problems associ-
ated with high-risk pregnancy (Table 58-7). Maternal diseases

that interfere with uteroplacental perfusion (chronic hyper-
tension, preeclampsia, and diabetes mellitus) place the fetus
at risk for intrauterine asphyxia. Maternal epidural anesthesia
and the development of the vena caval compression syndrome
may produce maternal hypotension, which decreases uterine
perfusion. Maternal medications given to relieve pain during
labor may cross the placenta and depress the infant’s respira-
tory center, resulting in apnea at the time of birth.
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Table 58-5 | Abnormal Newborn Screening Results: Possible Implications and Initial Action to Be Taken
NEWBORN SCREENING

FINDING

1 Phenylalanine
1Ty, TTSH

L T4, normal TSH

1 Galactose (1-P) transferase

| Galactose-1-phosphate
uridyltransferase

1 Methionine

T Leucine

1 Tyrosine

1 170~ Hydroxyprogesterone
S-hemoglobin

T Trypsinogen

1 Creatinine phosphokinase

| Biotinidase

1 G6PD

L oy-Antitrypsin
Toxoplasma antibody (IgM)
HIV antibody (I9G)

1 Organic acids

DIFFERENTIAL DIAGNOSIS

PKU, non-PKU hyperphenylalaninemia, pterin defect,
galactosemia, transient hyperphenylalaninemia

Congenital hypothyroidism, iodine exposure

Maternal hyperthyroidism, thyroxine-binding globulin
deficiency, secondary hypothyroidism, congenital
hypothyroidism with delayed TSH elevation

Galactosemia, liver disease, reducing substance, repeat
deficiency variant (Duarte), transient

Galactosemia, transferase deficiency variant (Duarte),
transient

Homocystinuria, isolated liver dysfunction, tyrosinemia
type |, transient hypermethioninemia

Maple syrup urine disease, transient elevation

Tyrosinemia type | or type lI, transient tyrosinemia, liver
disease

Congenital adrenal hyperplasia, prematurity, transient
(residual fetal adrenal cortex), stress in neonatal period,
early specimen collection

Sickle cell disease, sickle cell trait

Cystic fibrosis, transient, intestinal anomalies, perinatal
stress, trisomies 13 and 18, renal failure

Duchenne muscular dystrophy, other type of muscular
dystrophy, birth trauma, invasive procedure

Biotinidase deficiency

G6PD deficiency

a-Antitrypsin deficiency
Congenital toxoplasmosis
Maternally transmitted HIV, possible AIDS

Fatty acid oxidation defects (medium-chain acyl-CoA
dehydrogenase deficiency)

INITIAL ACTION

Repeat blood specimen

Repeat blood specimen or thyroid function
testing, begin thyroxine treatment

Repeat blood specimen

Clinical evaluation, urine for blood specimen.
If reducing substance positive, begin lactose-
free formula

Clinical evaluation, urine for reducing
substance, repeat blood specimen. If reducing
substance positive, begin lactose-free formula

Repeat blood and urine specimen

Clinical evaluation including urine for
ketones, acid-base status, amino acid studies,
immediate neonatal ICU care if urine ketones
positive

Repeat blood specimen

Clinical evaluation including genital
examination, serum electrolytes, repeat blood
specimen

Hemoglobin electrophoresis

Repeat blood specimen, possible sweat test
and DNA testing

Repeat blood test

Serum biotinidase assay, biotin therapy

Complete blood count, bilirubin
determination

Confirmatory test
Infectious disease consultation
Infectious disease consultation

Perform specific assay (tandem mass
spectroscopy); frequent feeds

From Kim SZ, Levy HL: Newborn screening. In Taeusch HW, Ballard RA, editors: Avery's Diseases of the Newborn, ed 7, Philadelphia, 1998, Saunders.
AIDS, Acquired immunodeficiency syndrome; G6PD, glucose-6-phosphate dehydrogenase; HIV, human immunodeficiency virus; ICU, intensive care unit; PKU,
phenylketonuria; Ty, thyroxine; TSH, thyroid-stimulating hormone.

Table 58-6 | Effects of Asphyxia

SYSTEM
Central nervous system
Cardiovascular
Pulmonary
Renal
Adrenal
Gastrointestinal
Metabolic
Integument

Hematology

EFFECT

Hypoxic-ischemic encephalopathy, IVH, PVL, cerebral edema, seizures, hypotonia, hypertonia

Myocardial ischemia, poor contractility, tricuspid insufficiency, hypotension

Persistent pulmonary hypertension, respiratory distress syndrome

Acute tubular or cortical necrosis

Adrenal hemorrhage

Perforation, ulceration, necrosis

Inappropriate ADH, hyponatremia, hypoglycemia, hypocalcemia, myoglobinuria

Subcutaneous fat necrosis

Disseminated intravascular coagulation

ADH, Antidiuretic hormone; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia.
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Table 58-7 | Etiology of Birth Asphyxia

TYPE
INTRAUTERINE
Hypoxia-ischemia
Anemia-shock
INTRAPARTUM
Birth trauma
Hypoxia-ischemia
POSTPARTUM
Central nervous system
Congenital neuromuscular disease
Infection
Airway disorder
Pulmonary disorder

Renal disorder

EXAMPLE

Uteroplacental insufficiency, abruptio placentae, prolapsed cord, maternal hypotension, unknown

Vasa previa, placenta previa, fetomaternal hemorrhage, erythroblastosis

Cephalopelvic disproportion, shoulder dystocia, breech presentation, spinal cord transection

Umbilical cord compression, tetanic contraction, abruptio placentae

Maternal medication, trauma, previous episodes of fetal hypoxia-acidosis

Congenital myasthenia gravis, myopathy, myotonic dystrophy

Consolidated pneumonia, shock

Choanal atresia, severe obstructing goiter or tumor, laryngeal webs

Severe immaturity, pneumothorax, pleural effusion, diaphragmatic hernia, pulmonary hypoplasia

Pulmonary hypoplasia, pneumothorax

Table 58-8 | Apgar Score

POINTS

SIGNS 0 1 2
Heart rate 0 <100/min >100/min
Respiration None  Weak cry Vigorous cry
Muscle tone None  Some extremity  Arms, legs well flexed

flexion

Reflex None  Some motion Cry, withdrawal
irritability

Color of body Blue Pink body, blue

extremities

Pink all over

Fetal conditions associated with asphyxia usually do not
become manifested until delivery, when the infant must ini-
tiate and sustain ventilation. In addition, the upper and lower
airways must be patent and unobstructed. Alveoli must be
free from foreign material, such as meconium, amniotic fluid
debris, and infectious exudates, which increases airway resis-
tance, reduces lung compliance, and leads to respiratory dis-
tress and hypoxia. Some extremely immature infants weighing
less than 1000 g at birth may be unable to expand their lungs,
even in the absence of other pathology. Their compliant
chest walls and surfactant deficiency may result in poor air
exchange, retractions, hypoxia, and apnea.

The newborn (particularly a preterm infant) responds par-
adoxically to hypoxia with apnea rather than tachypnea as
occurs in adults. Episodes of intrauterine asphyxia also may
depress the neonatal central nervous system. If recovery of the
fetal heart rate occurs as a result of improved uteroplacental
perfusion, fetal hypoxia and acidosis may resolve. Nonethe-
less, if the effect on the respiratory center is more severe, a
newborn may not initiate an adequate ventilatory response at
birth and may undergo another episode of asphyxia.

The Apgar examination, a rapid scoring system based on
physiologic responses to the birth process, is a good method
for assessing the need to resuscitate a newborn (Table 58-8).
At intervals of 1 minute and 5 minutes after birth, each of the

five physiologic parameters is observed or elicited by a quali-
fied examiner. Full-term infants with a normal cardiopulmo-
nary adaptation should score 8 to 9 at 1 and 5 minutes. Apgar
scores of 4 to 7 warrant close attention to determine whether
the infant’s status will improve and to ascertain whether any
pathologic condition is contributing to the low Apgar score.

By definition, an Apgar score of 0 to 3 represents either a
cardiopulmonary arrest or a condition caused by severe brady-
cardia, hypoventilation, or central nervous system depression.
Most low Apgar scores are caused by difficulty in establish-
ing adequate ventilation and not by primary cardiac pathol-
ogy. In addition to an Apgar score of 0 to 3, most infants with
asphyxia severe enough to cause neurologic injury also man-
ifest fetal acidosis (pH <7); seizures, coma, or hypotonia; and
multiorgan dysfunction. Low Apgar scores may be caused by
fetal hypoxia or other factors listed in Table 58-7. Most infants
with low Apgar scores respond to assisted ventilation by face
mask or by endotracheal intubation and usually do not need
emergency medication.

Resuscitation of a newborn with a low Apgar score fol-
lows the same systematic sequence as that for resuscitation
of older patients, but in the newborn period this simplified
ABCD approach requires some qualification (Fig. 58-2). In
the ABCD approach, A stands for securing a patent airway by
clearing amniotic fluid or meconium by suctioning; A is also a
reminder of anticipation and the need for knowing the events
of pregnancy, labor, and delivery. Evidence of a diaphragmatic
hernia and a low Apgar score indicate that immediate endo-
tracheal intubation is required. If a mask and bag are used,
gas enters the lung and the stomach, and the latter may act as
an expanding mass in the chest that compromises respiration.
If fetal hydrops has occurred with pleural effusions, bilateral
thoracentesis to evacuate the pleural effusions may be needed
to establish adequate ventilation.

B represents breathing. If the neonate is apneic or hypoven-
tilating and remains cyanotic, artificial ventilation should be
initiated. Ventilation should be performed with a well-fitted
mask attached to an anesthesia bag and a manometer to pre-
vent extremely high pressures from being given to the new-
born; 100% oxygen should be administered through the mask.
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Figure 58-2 New Guidelines and Algorithm for Neonatal Resuscitation. CPAP, Continuous positive airway pressure; PPV, positive-pressure ven-
tilation. (From Kattwinkel J, Perlman JM, Aziz K, et al: Special Report—Neonatal Resuscitation: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care, Pediatrics 126(5):e1400-e1413, 2010. Erratum in Neoreviews 128(1):176,

2011. doi: 10.1542/peds.2011-1260.)

If the infant does not revive, an endotracheal tube should be
placed, attached to the anesthesia bag and manometer, and
100% oxygen should be administered. The pressure gener-
ated should begin at 20 to 25 cm H,O, with a rate of 40 to 60
breaths/minute. An adequate response to ventilation includes
good chest rise, return of breath sounds, well-oxygenated
color, heart rate returning to the normal range (120 to 160
beats/minute), normal end-tidal carbon dioxide, and, later,
increased muscle activity and wakefulness. The usual recov-
ery after a cardiac arrest first involves a return to a normal

heart rate, followed by disappearance of cyanosis and notice-
ably improved perfusion. An infant may remain limp and be
apneic for a prolonged time after return of cardiac output and
correction of acidosis.

Breathing initially should be briefly delayed if meconi-
um-stained amniotic fluid is present to avoid dissemination
of meconium into the lungs, producing severe aspiration
pneumonia. If meconium is noted in the amniotic fluid, the
oropharynx should be suctioned when the head is delivered.
After the birth of a depressed infant, the oral cavity should be
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Table 58-9 | Life-Threatening Congenital Anomalies

NAME
Choanal atresia (stenosis)
Pierre Robin syndrome

Diaphragmatic hernia
polyhydramnios

Tracheoesophageal fistula
stomach

Intestinal obstruction: volvulus,
duodenal atresia, ileal atresia

Gastroschisis/omphalocele
Renal agenesis/Potter syndrome
Hydronephrosis Bilateral abdominal masses

Neural tube defects: anencephaly,
meningomyelocele

Down syndrome (trisomy 21)

Ductal-dependent congenital heart Cyanosis, murmur, shock

disease

MANIFESTATIONS

Respiratory distress in delivery room, apnea, unable to pass nasogastric tube through nares
Micrognathia, cleft palate, airway obstruction

Scaphoid abdomen, bowel sounds present in left chest, heart shifted to right, respiratory distress,
Polyhydramnios, aspiration pneumonia, excessive salivation, unable to place nasogastric tube in
Polyhydramnios, bile-stained emesis, abdominal distention

Polyhydramnios; intestinal obstruction

Oligohydramnios, anuria, pulmonary hypoplasia, pneumothorax

Polyhydramnios, elevated a-fetoprotein; decreased fetal activity

Hypotonia, congenital heart disease, duodenal atresia

suctioned again; the vocal cords should be visualized and the
infant intubated.

C represents circulation and external cardiac massage. If
artificial ventilation does not improve bradycardia, if asys-
tole is present, or if peripheral pulses cannot be palpated,
external cardiac massage should be performed at a rate of
120 compressions/minute with compressions and breaths
given at a ratio of 3:1. External cardiac massage usually is not
needed because most infants in the delivery room respond
to ventilation.

D represents the administration of drugs. If bradycardia
is unresponsive to ventilation or if asystole is present, epi-
nephrine should be administered. Intravenous (IV) epineph-
rine (1:10,000), 0.1 to 0.3 mL/kg, should be given through an
umbilical venous line or injected into the endotracheal tube.
However, when epinephrine is administered through the
endotracheal tube, the result is often unpredictable. Before
medications are administered in the presence of electrical
cardiac activity with poor pulses, it is important to determine
whether there is a pneumothorax. Transillumination of the
thorax, involving the use of a bright light through each side of
the thorax and over the sternum, may suggest pneumothorax
if one side transmits more light than the other. Breath sounds
may be decreased over a pneumothorax and there may be a
shift of the heart tones away from the side of a tension pneu-
mothorax.

If central nervous system depression in the infant may be
due to a narcotic medication given to the mother, 0.1 mg/kg
of naloxone (Narcan) can be given to the infant intravenously
or endotracheally. Before this drug is administered, the ABCs
should be followed carefully. Naloxone should not be given to
a newborn of a mother who is suspected of being addicted to
narcotics or is on methadone maintenance because the new-
born may experience severe withdrawal seizures.

In babies of more than 35 weeks’ gestation suffering hypoxic
ischemic injury at birth, induced therapeutic hypothermia
(33.0°C to 34.0°C) for 72 hours has been shown in clini-
cal studies to be efficacious in reducing the severity of brain
injury. Brain hypothermia, whether induced by whole-body

or selective head cooling, provides neuroprotection against
encephalopathy presumably due to hypoxic ischemia.

Physical Examination and Gestational

Age Assessment

The first physical examination of a newborn may be a gen-
eral physical examination of a well infant or an examination
to confirm fetal diagnoses or to determine the cause of various
manifestations of neonatal diseases. Problems in the transition
from fetal to neonatal life may be detectable immediately in
the delivery room or during the first day of life. Physical exam-
ination also may reveal effects of the labor and delivery result-
ing from asphyxia, drugs, or birth trauma. The first newborn
examination is an important way to detect congenital malfor-
mations or deformations (Table 58-9). Significant congenital
malformations may be present in 1% to 3% of all births.

Appearance

Signs such as cyanosis, nasal flaring, intercostal retractions,
and grunting suggest pulmonary disease. Meconium staining
of the umbilical cord, nails, and skin suggest fetal distress and
the possibility of aspiration pneumonia. The level of spon-
taneous activity, passive muscle tone, quality of the cry, and
apnea are useful screening signs to evaluate the state of the
nervous system.

Vital Signs

The examination should proceed with an assessment of vital
signs, particularly heart rate (normal rate, 120 to 160 beats/
min); respiratory rate (normal rate, 30 to 60 breaths/min);
temperature (usually done per rectum and later as an axillary
measurement); and blood pressure (often reserved for sick
infants). Length, weight, and head circumference should be
measured and plotted on growth curves to determine whether
growth is normal, accelerated, or retarded for the specific ges-
tational age.
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Figure 58-3 Physical criteria for assessment of maturity and gestational age. Expanded New Ballard Score (NBS) includes extremely prema-
ture infants and has been refined to improve accuracy in more mature infants. (From Ballard JL, Khoury JC, Wedig K, et al: New Ballard Score,
expanded to include extremely premature infants, J Pediatr 119:417-423, 1991.)

Gestational Age

Gestational age is determined by an assessment of various
physical signs (Fig. 58-3) and neuromuscular characteris-
tics (Fig. 58-4) that vary according to fetal age and maturity.
Physical criteria mature with advancing fetal age, including
increasing firmness of the pinna of the ear; increasing size
of the breast tissue; decreasing fine, immature lanugo hair
over the back; and decreasing opacity of the skin. Neuro-
logic criteria mature with gestational age, including increas-
ing flexion of the legs, hips, and arms; increasing tone of the
flexor muscles of the neck; and decreasing laxity of the joints.
These signs are determined during the first day of life and
are assigned scores. The cumulative score is correlated with
a gestational age, which is usually accurate to within 2 weeks
(Fig. 58-5).

Gestational age assessment permits the detection of abnor-
mal fetal growth patterns, aiding in predicting the neonatal
complications of largeness or smallness for gestational age (Fig.
58-6). Infants born at a weight greater than the 90th percentile
for age are considered large for gestational age. Among the
risks associated with being large for gestational age are all the
risks of the infant of a diabetic mother and risks associated
with postmaturity. Infants born at a weight less than 10th per-
centile for age (some growth curves use <2 standard devia-
tions or the 5th percentile) are small for gestational age and
have IUGR. Problems associated with small for gestational age

infants include congenital malformations, in addition to the
problems listed in Table 58-2.

Skin

The skin should be evaluated for pallor, plethora, jaundice,
cyanosis, meconium staining, petechiae, ecchymoses, congen-
ital nevi, and neonatal rashes. Vasomotor instability with cutis
marmorata, telangiectasia, phlebectasia (intermittent mottling
with venous prominence), and acrocyanosis (feet and hands)
is normal in a premature infant. Acrocyanosis also may be
noted in a healthy term infant in the first days after birth.

The skin is covered with lanugo hair, which disappears by
term gestation. Hair tufts over the lumbosacral spine suggest
a spinal cord defect. Vernix caseosa, a soft, white, creamy layer
covering the skin in preterm infants, disappears by term. Post-
term infants often have peeling, parchment-like skin. Mongo-
lian spots are transient, dark blue to black pigmented macules
seen over the lower back and buttocks in 90% of African
American, Indian, and Asian infants. Nevus simplex (salmon
patch), or pink macular hemangioma, is common, usually
transient, and noted on the back of the neck, eyelids, and fore-
head. Nevus flammeus, or port-wine stain, is seen on the face
and should cause the examiner to consider Sturge-Weber syn-
drome (trigeminal angiomatosis, convulsions, and ipsilateral
intracranial tram-line calcifications).
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Neuromuscular maturity
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Figure 58-4 Neuromuscular criteria for assessment of maturity and gestational age. Expanded New Ballard Score (NBS) includes extremely
premature infants and has been refined to improve accuracy in more mature infants. (From Ballard JL, Khoury JC, Wedig K, et al: New Ballard
Score, expanded to include extremely premature infants, J Pediatr 119:417-423, 1991.)

Maturity rating

Score Weeks

-10 20
-5 22
0 24
5 26
10 28
15 30
20 32
25 34
30 36
35 38
40 40
45 42
50 44

Figure 58-5 Maturity rating as calculated by adding the physical
and neurologic scores, calculating the gestational age. (From Bal-
lard JL, Khoury JC, Wedig K, et al: New Ballard Score, expanded to
include extremely premature infants, J Pediatr 119:417-423, 1991.).

Congenital melanocytic nevi are pigmented lesions of vary-
ing size noted in 1% of neonates. Giant pigmented nevi are
uncommon but have malignant potential. Capillary heman-
giomas are raised, red lesions, whereas cavernous hemangio-
mas are deeper, blue masses. Both lesions increase in size after
birth, then resolve when the child is 1 to 4 years of age. When
enlarged, these hemangiomas may produce high-output heart
failure or platelet trapping and hemorrhage. Erythema toxi-
cum is an erythematous, papular-vesicular rash common in
neonates that develops after birth and involves eosinophils
in the vesicular fluid. Pustular melanosis, more common in
African American infants, may be seen at birth and consists
of a small, dry vesicle on a pigmented brown macular base.
Erythema toxicum and pustular melanosis are benign lesions
but may mimic more serious conditions, such as the vesicular
rash of disseminated herpes simplex or the bullous eruption
of S. aureus impetigo. Tzanck smear, Gram stain, Wright stain,
direct fluorescent antibody stain, polymerase chain reaction
for herpes DNA, and appropriate cultures may be needed to
distinguish these rashes. Other common characteristic rashes
are milia (yellow-white epidermal cysts of the pilosebaceous
follicles that are noted on the nose) and miliaria (prickly
heat), which is caused by obstructed sweat glands. Edema may
be present in preterm infants, but also suggests hydrops fetalis,
sepsis, hypoalbuminemia, or lymphatic disorders.

Skull

The skull may be elongated and molded after a prolonged
labor; this resolves 2 to 3 days after birth. The sutures should
be palpated to determine the width and the presence of pre-
mature fusion or cranial synostosis. The anterior and posterior



| Chapter 58 ¢ Assessment of the Mother, Fetus, and Newborn 199
5
2100
4.5 00[12]09](00
. 1.3 | 1.4-t00°7] 0.0
,+2]08|05]|17
00 | 12| 05[1.1]05
35 0.8/06[12/00]06]05
1.9./°09 08|11 ]|11]09]27
3 09 ).05[13]04|20]1.7].05]00
o5 111.07[05[18]13 2.3.20[ 0900
' 20[.22°( 04|07 |14 |31].81]00
) 4.2 41040805 q.s,_-zé 4.8
3.0 .#7 [ 14]14]09]09:}723
.5 23,18 [1.7]16 ‘o;z.--o.s' 1.1
' 001322509 2011029
] 12185722 | 41 [ 144302929
25 | 27.]-24T20 | 11 | 18.1-85] 16 | 83
o5 L1 |46 3342577720 [ 12 [ 71
~ 94775 | 63 | 33 | 56
0

23 24 25 26 27 28 29 30 3

32 33 34 35 36 37 38 39 40 A

Estimated gestational age (EGA) (wk)
Figure 58-6 Birth weight-specific and estimated gestational age-specific mortality rates. The dashed lines of the figure represent the 10th
and 90th percentile weights. The grid lines are plotted by each gestational age and in 250-g weight increments. Each number in the box is the
percent mortality rate for the grid defined by gestational age and birth weight range. (From Thomas P, Peabody J, Turnier V, et al: A new look at
intrauterine growth and impact of race, attitude, and gender, Pediatrics 106:E21, 2000.)

fontanelles should be soft and nonbulging, with the anterior
larger than the posterior. A large fontanelle is associated with
hydrocephalus, hypothyroidism, rickets, and other disorders.
Soft areas away from the fontanelle are craniotabes; these
lesions feel like a Ping-Pong ball when they are palpated. They
may be a result of in utero compression. The skull should be
examined carefully for signs of trauma or lacerations from
internal fetal electrode sites or fetal scalp pH sampling;
abscesses may develop in these areas.

Face, Eyes, and Mouth

The face should be inspected for dysmorphic features, such as
epicanthal folds, hypertelorism, preauricular tags or sinuses,
low-set ears, long philtrum, and cleft lip or palate. Facial asym-
metry may be a result of seventh nerve palsy; head tilt may be
caused by torticollis.

The eyes should open spontaneously, especially in an upright
position. Before 28 weeks’ gestational age, the eyelids may be
fused. Coloboma, megalocornea, and microphthalmia suggest
other malformations or intrauterine infections. A cloudy cornea
greater than 1 cm in diameter also may be seen in congenital
glaucoma, uveal tract dysgenesis, and storage diseases. Con-
junctival and retinal hemorrhages are common and usually of
no significance. The pupillary response to light is present at 28
weeks of gestation. The red reflex of the retina is shown easily. A
white reflex, or leukokoria, is abnormal and may be the result of
cataracts, ocular tumor, severe chorioretinitis, persistent hyper-
plastic primary vitreous, or retinopathy of prematurity.

The mouth should be inspected for the presence of natal
teeth, clefts of the soft and hard palate and uvula, and microg-
nathia. A bifid uvula suggests a submucosal cleft. White, shiny,
multiple transient epidermal inclusion cysts (Epstein pearls)

on the hard palate are normal. Hard, marble-sized masses in
the buccal mucosa are usually transient idiopathic fat necrosis.
The tympanic membranes are dull, gray, opaque, and immo-
bile in the first 1 to 4 weeks. These findings should not be con-
fused with otitis media.

Neck and Chest

The neck appears short and symmetrical. Abnormalities
include midline clefts or masses caused by thyroglossal duct
cysts or by goiter and lateral neck masses (or sinuses), which
are the result of branchial clefts. Cystic hygromas and heman-
giomas may be present. Shortening of the sternocleidomastoid
muscle with a fibrous tumor over the muscle produces head tilt
and asymmetrical facies (neonatal torticollis). Arnold-Chiari
malformation and cervical spine lesions also produce torticol-
lis. Edema and webbing of the neck suggest Turner syndrome.
Both clavicles should be palpated for fractures.

Examination of the chest includes inspection of the chest
wall to identify asymmetry resulting from absence of the pec-
toralis muscle and inspection of the breast tissue to determine
gestational age and detect a breast abscess. Boys and girls may
have breast engorgement and produce milk; milk expression
should not be attempted. Supernumerary nipples may be
bilateral and may be associated with renal anomalies.

Lungs

Examination of the lungs includes observations of the
rate, depth, and nature of intercostal or sternal retractions.
Breath sounds should be equal on both sides of the chest,
and rales should not be heard after the first 1 to 2 hours of
life. Diminished or absent breath sounds on one side suggest
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pneumothorax, collapsed lung, pleural effusion, or diaphrag-
matic hernia. Shift of the cardiac impulse away from a ten-
sion pneumothorax and diaphragmatic hernia and toward the
collapsed lung is a helpful physical finding for differentiating
these disorders. Subcutaneous emphysema of the neck or
chest also suggests a pneumothorax or pneumomediastinum,
whereas bowel sounds auscultated in the chest in the presence
of a scaphoid abdomen suggest a diaphragmatic hernia.

Heart

The position of the heart in infants is more midline than in
older children. The first heart sound is normal, whereas the
second heart sound may not be split in the first day of life.
Decreased splitting of the second heart sound is noted in
PPHN, transposition of the great vessels, and pulmonary atre-
sia. Heart murmurs in newborns are common in the delivery
room and during the first day of life. Most of these murmurs
are transient and are due to closure of the ductus arteriosus,
peripheral pulmonary artery stenosis, or a small ventral sep-
tal defect. Pulses should be palpated in the upper and lower
extremities (over the brachial and femoral arteries). Blood
pressure in the upper and lower extremities should be mea-
sured in all patients with a murmur or heart failure. An upper-
to-lower extremity gradient of more than 10 to 20 mm Hg
suggests coarctation of the aorta.

Abdomen

The liver may be palpable 2 cm below the right costal margin.
The spleen tip is less likely to be palpable. A left-sided liver
suggests situs inversus and asplenia syndrome. Both kidneys
should be palpable in the first day of life with gentle, deep pal-
pation. The first urination occurs during the first day of life in
more than 95% of normal term infants.

Abdominal masses usually represent hydronephrosis or
dysplastic-multicystic kidney disease. Less often, masses indi-
cate ovarian cysts, intestinal duplication, neuroblastoma, or
mesoblastic nephroma. Masses should be evaluated immedi-
ately with ultrasound. Abdominal distention may be caused by
intestinal obstructions, such as ileal atresia, meconium ileus,
midgut volvulus, imperforate anus, or Hirschsprung disease.
Meconium stool is passed normally within 48 hours of birth in
99% of term infants. The anus should be patent. An imperfo-
rate anus is not always visible; the first temperature taken with
a rectal thermometer should be taken carefully. The abdom-
inal wall musculature may be absent, as in prune-belly syn-
drome, or weak, resulting in diastasis recti. Umbilical hernias
are common in African American infants. The umbilical cord
should be inspected to determine the presence of two arter-
ies and one vein and the absence of an urachus or a hernia-
tion of abdominal contents, as occurs with an omphalocele.
The latter is associated with extraintestinal problems, such as
genetic trisomies and hypoglycemia (Beckwith-Wiedemann
syndrome). Bleeding from the cord suggests a coagulation
disorder, and a chronic discharge may be a granuloma of the
umbilical stump or, less frequently, a draining omphalomes-
enteric cyst or urachus. Erythema around the umbilicus is
omphalitis and may cause portal vein thrombophlebitis and
subsequent extrahepatic portal hypertension. The herniation
of bowel through the abdominal wall 2 to 3 cm lateral to the
umbilicus is a gastroschisis.

Genitalia
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Ambiguous Genitalia

At term, the testes should be descended into a well-formed
pigmented and rugated scrotum. The testes occasionally are
in the inguinal canal; this is more common among preterm
infants, as is cryptorchidism. Scrotal swelling may represent
a hernia, transient hydrocele, in utero torsion of the testes, or,
rarely, dissected meconium from meconium ileus and perito-
nitis. Hydroceles are clear and readily seen by transillumina-
tion, whereas testicular torsion in the newborn may present
as a painless, dark swelling. The urethral opening should be at
the end of the penis. Epispadias or hypospadias alone should
not raise concern about pseudohermaphroditism. However, if
no testes are present in the scrotum and hypospadias is pres-
ent, problems of sexual development should be suspected. Cir-
cumcision should be deferred with hypospadias because the
foreskin is often needed for the repair. The normal prepuce is
often too tight to retract in the neonatal period.

The female genitalia normally may reveal a milky white
or blood-streaked vaginal discharge as a result of maternal
hormone withdrawal. Mucosal tags of the labia majora are
common. Distention of an imperforate hymen may pro-
duce hydrometrocolpos and a lower midline abdominal
mass as a result of an enlarged uterus. Clitoral enlargement
with fusion of the labial-scrotal folds (labia majora) sug-
gests adrenogenital syndrome or exposure to masculinizing
maternal hormones.

Extremities

Examination of the extremities should involve assessment of
length, symmetry, and presence of hemihypertrophy, atro-
phy, polydactyly, syndactyly, simian creases, absent fingers,
overlapping fingers, rocker-bottom feet, clubfoot, congenital
bands, fractures, and amputations.

Spine

Tﬁe spine should be examined for evidence of sacral hair tufts,
a dermal sinus tract above the gluteal folds, congenital scoli-
osis (a result of hemivertebra), and soft tissue masses such as
lipomas or meningomyeloceles.

Hips

ThE hips should be examined for congenital dysplasia (dislo-
cation). Gluteal fold asymmetry or leg length discrepancy is
suggestive of dysplasia, but the examiner should perform the
Barlow test and the Ortolani maneuver to evaluate the stabil-
ity of the hip joint. These tests determine whether the femoral
head can be displaced from