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1 Caring for Children

John W. Graef
Pediatrics is organized around the relationship of a child's health and risk of illness to his or her growth

and development. Stages of biologic and social development and the particular risks of disease
associated with those stages are presented in Table 1-1Table 1-1.

I. Advocacy.



Advocacy. Because of the age and vulnerability of pediatric patients, pediatricians have a special role as
advocates. Historically, it has been shown that the needs of children may suffer when they require the
expenditure of scarce public resources. If denial of full opportunity is true for healthy children, it is doubly
true for disabled children with special needs (see Chap. 21). Because of the respect earned by pediatric
physicians, it behooves them to speak out on public issues that affect children.

Il. Counseling.

Counseling. It is the pleasant lot of the pediatrician to reassure patients and families that for the majority
of illnesses, growing children need only be supported with a medical safety net should the iliness be
atypical or severe.

To accomplish effective reassurance, the pediatrician must make time available to hear patients'
guestions completely and supply information in an understanding and understandable manner. It is useful
to ask that information be repeated back and confirmed to avoid confusion about what was said.
Counseling is best heard when patients do not fear that the pediatrician has another agenda such as
avoiding an inconvenient patient visit or encouraging an unnecessary visit. It is helpful to begin a
conversation by offering to examine the child if the patient wishes but encouraging parents that they may
be empowered by counseling to manage the child effectively. The ready availability of pediatric care,
particularly at night or on weekends, may go a long way toward reassuring parents that help is near
should they need it.

lll. Coping with pediatric illness
A. Patients.

Patients. When they first enter pediatric practice, few pediatricians fully appreciate the emotional impact
of pediatric iliness either on children, parents, or physicians. Some of the interaction between
pediatricians and sick children involves maneuvers and procedures that can be frightening or painful for
children and may add to their distress as well as that of the parents. Yet the resiliency of children and
their ultimate loyalty and affection for pediatric caretakers tells us that an honest, caring, and gentle
approach to patients will overcome much of the initial adversity felt when physical discomfort occurs as a
necessary part of evaluation and treatment.

B. Parents.

Parents. Occasionally, well-meaning parents may attempt to discourage necessary but invasive
interventions such as lumbar punctures or even tuberculin skin tests to "protect" their children from
unwanted physical or psychological trauma. In responding, pediatricians should not permit the issue to be
one of control and the parents' refusal to "cooperate” should not be seen as an affront. Their fears must
be addressed, and a patient, sympathetic, firm, but flexible response likely will be effective in winning



them over. Rarely is any procedure so emergent that parents cannot be permitted time to grasp its
importance and to steel themselves to their child's suffering. It may also be that proposed procedures are
not absolutely essential to the child's treatment but part of a protocol. Clinical judgment permits flexibility
in determining the priority and need for interventions. Pediatricians must also recognize and place in
perspective their own distaste for performing necessary procedures. Not all physicians are comfortable or
adequately skilled in invasive procedures; each must be willing to enlist colleagues or physician
extenders as appropriate, understanding that patients and parents will ultimately appreciate this step.

C. Follow-up.

Follow-up. Once a treatment plan has been accomplished, follow-up and continuity of care should be
assured. Parents appreciate follow-up visits and telephone checks, which demonstrate continuing interest
in the welfare of their child. Children with acute exacerbations of chronic disease need the ongoing
supervision of monthly or quarterly visits even in the absence of acute symptoms. Support provided by
documentation for schools and other caretakers is important to the overall care of the child.

IV. The pediatric consultation.

The pediatric consultation. Pediatricians may be asked to consult with colleagues from other medical
specialties, other pediatric providers, or other pediatricians. The following guidelines may be helpful.

A. Respond as soon as possible. A colleague seeking consultation is usually in need of prompt
assistance. If necessary, and with notification, a suitable substitute should be offered.

B. Determine what questions need your help and respond specifically to them.

C. Your colleague has asked for help, not replacement. Explain the limits of your role to patients and
parents at the onset and maintain those limits through follow-up.

D. Successful consultation is best accomplished by meticulous attention to detail. You may not have more
knowledge than a requesting colleague, but may have more time.

E. Do not comment on a colleague's management in the presence of the patient or parents. Such
comments are frequently misunderstood or blown out of proportion.

F. Provide the requesting colleague with information. Do not attempt to dictate patient care.

G. Discuss your findings with the requesting colleague and ask for her or his permission before
discussing them with patient and family. Medical practice is, at best, inexact. Part of good medical
judgment is knowing when to ask for help. Consultation provided in a prompt and helpful manner assures
a patient of an extra measure of knowledge and concern, with the added benefit of enhancing the
knowledge of all participants.



V. Death of a child.

Death of a child. The strongest of all grief reactions occurs when parents have lost a child. When a child
has a fatal disease, the parents and immediate family face the loss of all their expectations for the child
and an extended period of sadness. What health professionals do during this period is usually based on
their own feelings as well as on assumptions that arise from customs, traditions, state and hospital health
rules, and even research interests. Thoughtful and caring medical personnel can share and help to
lighten the family's burden. (See Chap. 2, pp. 13-14, Chap. 22 p. 559 for specific recommendations.)

There is nothing wrong with feeling a sense of loss at the death of a patient or with the need to grieve,
but it is the physician's hard task to put his or her own grief aside until the needs of the parents and family
have been met.

2 Delivery of Pediatric Therapy

Cedric J. Priebe

The physical, economic, legal, and cultural contexts of pediatric therapy strongly impact its delivery. The
nature of all such settings and processes is established by local history and policy. Those presented here
are generalizations of delivery models adapted partly from the Medical Staff Bylaws and House Officer's
Manual of Children's Hospital, Boston.

I. Settings for pediatric care
A. The hospitalized patient.

The hospitalized patient. Pediatric hospitalization rates and average lengths of stay (ALOS) have seen a
dramatic decline in the past decade. Admission to children's hospitals or to the pediatric wards of general
hospitals, however, remains a crucial setting for the diagnosis and care of the severely ill child.

1. The pediatric ward. The pediatric ward setting fosters multidisciplinary care teams capable of
managing a variety of complex medical and social problems. These teams include general pediatricians
and specialists, pediatric nurses and nurse practitioners, physical therapists, respiratory therapists,
nutritionists, activities therapists, and social workers. Rounds on admitted patients should be made at
least daily on stable, long-term patients, and at least twice a day on patients who are acutely ill. The
primary care pediatrician may function as attending physician or as a consultant to a hospital-based
pediatrician or subspecialist attending physician. The care of children with complex medical problems
frequently involves extended conversations among the care team and with parents. These interactions
are sometimes best conducted at formally scheduled team and family meetings.



2. The neonatal and pediatric intensive care unit (see Chaps. 6 and 7).
3. The delivery room (see Chap. 6).

4. The newborn nursery. Full-term infants, with no complications, born to healthy mothers are now being
discharged from the hospital on the first or second postdelivery day. Given this constraint, the following
goals of newborn care should be met (see Chap. 3).

a. Newborns should be examined within 24 hours of delivery or sooner if the obstetric or nursing staff
expresses any concern, or if significant risk factors for infection are present.

b. Neonatal metabolic and genetic screening should be obtained according to state health policy.

c. Parents should be educated on feeding techniques and schedules, use of the car seat, and need to
observe for jaundice.

d. A trusting relationship between parents and pediatrician should be established.

e. Vital statistics from the delivery and nursery course should be communicated to the primary care
pediatrician.

B. The ambulatory patient

1. Private office, health center, and clinic. General pediatric therapy is predominantly delivered in the
ambulatory setting and is maximized by a continuing relationship between primary care providers and
families over time. Clearly established lines of authority and job descriptions for physician, nursing, and
business staff ensure smooth flow of patient services.

2. Emergency departments. If at all possible, parents are encouraged to contact their pediatrician before
taking their children to an emergency room. Most health maintenance organizations (HMOs) will not
approve payment for the nonurgent use of the emergency room (ER) unless authorized by the primary
care pediatrician. Unless a life-threatening emergency precludes involvement by the primary care
pediatrician, the pediatrician should alert the ER staff of the expected patient. Depending on the ER's
staffing for pediatric emergencies, the pediatrician may be required to assist in ER care.

3. Home care. The coordination and supervision of home medical care by the pediatrician is particularly
crucial for the chronically ill and medically complex child. Physician orders are usually required for access

of home care services. Many health insurance plans require that the primary care physician make the
referral for home care services.

[ll. Compensation

A. Indemnity insurance.



Indemnity insurance. Traditional health insurance is purchased from third-party insurers by employers as
a group benefit or by individuals. Some large employers provide self-insurance plans to their employees.
Indemnity insurance plans reimburse pediatricians on a usual, customary, and reasonable fee-for-service
basis for visits and procedures covered in the policy agreement. Health supervision services are
frequently excluded. In addition, the following features may apply.

1. Annual deductibles.

2. Maximum benefits.

3. Excludable conditions or procedures.
4. Preadmission authorizations.

5. Utilization review.

B. Managed care systems

Managed care systems combine delivery and financing in one system, attempting to control costs and
quality through such measures as preventive services, quality assurance, utilization review, and
appropriate financial incentives. A member's ability to "self-refer" is restricted or eliminated. Physicians
may be restricted from participating by the managed care system's professional or economic
credentialing requirements, or both. Providers may assume some level of financial risk by accepting
capitated compensation (fixed payment per member per unit time, usually monthly) for a defined group of

services.

1. Preferred provider organization (PPO). A designated panel of physicians and institutions is contracted
to provide care at a significant discount from usual, customary, and reasonable fee schedules. Members
may access providers outside the PPO with increased copayment or higher deductibles. Although there is
no formal risk-sharing arrangement, there is a strong emphasis on utilization review.

2. Health maintenance organization (HMO). A federally qualified organization of physicians, hospital
facilities, and other health care providers under contract to provide comprehensive health care to
members. In most HMOs, a significant emphasis is placed on prevention.

a. Staff model HMO: physicians as salaried employees.

b. Group and network model HMO: contract of HMO with a single multispecialty medical group or with a
network of many primary and multispecialty medical groups.

c. Independent practice association (IPA) model HMO: contracts between HMO and office-based
physicians. Practices are reimbursed either on a discounted fee-for-service or capitated basis according
to a prearranged contract incorporating mechanisms that act to place the physician at financial risk for
extraordinary hospitalization or subspecialty service costs for members.



C. Integrated delivery system (IDS).

Integrated delivery system (IDS). A complete provider entity that includes physicians, ancillary services
(laboratory and imaging), and secondary and tertiary care hospitals. These systems attempt to provide a
complete range of medical care to members on a capitated basis. Primary care practices may be
acquired by such a system and/or enter long-term employment or independent service contracts.

D. Government programs

1. Medicaid. Each state establishes its own Medicaid regulations within federal guidelines. Eligibility is
usually based on family size and income relative to the federal poverty level. Medicaid cards stating dates
of eligibility are issued by local health and human services departments. The Early and Periodic
Screening, Diagnosis, and Treatment (EPSDT) program within Medicaid covers routine health
supervision services provided by qualified physicians.

2. CHAMPUS. The Civilian Health and Medical Program of the Uniformed Services covers care provided
by civilian physicians and hospitals to active-duty and retired military dependents whose needs cannot be
met by the Uniformed Services Pediatrics Program. Reimbursement is fee-for-service. Health supervision
visits and immunizations are covered only for the first 2 years of life. Families are responsible for a yearly
deductible and a 20% copayment for sick visits.

E. Direct payment.

Direct payment. Patients and families without indemnity insurance and income above Medicaid eligibility

levels are billed directly for medical services. Pools of municipal, institutional, and philanthropic funds are
sometimes available to defray out-of-pocket costs to families for pediatric care.

[1l. Documentation
A. General guidelines
General guidelines for medical record entries
1. Include date and time of entry.
2. Use black ink and write legibly.
3. Sign all entries with legible printing of name and professional designation.
4. Use abbreviations only when approved by the facility.

5. Record all significant events, as well as anticipated events that did not occur, such as missed
appointments or doses.



6. Record all therapeutic interventions and the patient's response.
7. Make objective rather than subjective statements; state facts rather than conclusions.
8. Limit to clinically relevant material.

9. Never delete, physically damage, or alter any previous entry.
10. Addenda should be date and time stamped, signed, and cross-referenced to the original entry.

B. Components of the pediatric medical record

1. Acute care record

a. Admission history and physical assessment.

b. Nursing flowsheets.

c. Progress notes.

d. Procedure notes.

e. Doctor's orders.

f. Discharge summary.

2. Ambulatory record

a. Problem lists.

b. Immunization history.

c. Health supervision screens.

d. Well-child visit notes.

e. Urgent care visit notes.

f. Telephone triage and consultation.

g. Medications and prescription refills.

h. Correspondence

(1) Letters to and from specialists.



(2) Letters to airlines.

(3) Letters to utilities.

3. Abstractions of the medical record. The pediatrician is frequently called on to provide documentation of
a patient's health status, including physical examination, immunization record, screening tests, current
medications, and activity limitations. Such documentation is often required for the child's enrollment in
school, participation in recreational activities, or receipt of public assistance. Attention must be given to
the confidentiality of sensitive medical information in the completion of these required forms.

a. School and camp forms.

b. Enrollment forms for Women, Infants and Children (WIC) nutritional assistance program.

c. Disability claim forms.

C. Medical orders.

Medical orders. Medical orders are the physician's communication and documentation of instructions to
the nursing, pharmacy, and laboratory staff concerning the care and treatment of a particular patient.
Although medical orders are the legal responsibility of the physician, the nurse's input in the formulation
of medical orders is essential. Orders should be discussed and verified by the patient's nurse at the time
they are written. All standing orders on admitted patients should be reviewed and/or rewritten at intervals
determined by hospital policy, usually 48 hours.

1. Written orders. The following are recommendations for handwritten orders.

a. Entries should be clear and legible, with special attention to dosage amounts and decimal points.

b. Each page of orders should be correctly labeled with the patient's identifier.

c. Each order is preceded by the date and time of entry and followed by the ordering physician's
signature, printed name, and other clearly legible identifiers.

d. Orders entered by medical students require cosignature by the supervising physician.

e. Incorrect entries discovered before signature are stricken by drawing a single line through the error
with the word error written and initialed nearby.

f. Changes to orders after signature are transacted by a separate order to cancel and replace the prior
order with the correction.

2. Voice orders. Physicians' duties occasionally require transcription of voice or telephone orders by
nursing staff. Such orders are valid for a period limited by institutional policy and must be cosigned by the
ordering physician within a certain period, usually 24 hours or less.



3. Computerized orders. Computerized hospital information systems offer rapid communication of orders
and immediate decision aids to the ordering physician; they also can facilitate monitoring of resource
utilization. Special considerations inherent in computerized order management systems include the
accessibility and ease of use by clinicians, the handling of updates and corrections with audit trails, and
the ability to adapt orders to circumstances unique to pediatrics.

4. Order format. Medical orders for admitted patients generally address the following areas.

a. ldentify physician and/or physician groups responsible for the patient.

b. Diagnosis or reason for hospitalization.

c. Condition: critical, serious, guarded, fair, or satisfactory.

d. Allergies to medications.

e. Infectious exposures.

f. Infectious isolation or precautions

(1) Complete/respiratory precautions.

(2) Mask within 3 ft.

(38) Gown and gloves for contact.

(4) Universal precautions.

g. Permitted activities.

h. Monitoring.

(1) Frequency of vital signs and weight.

(2) Use of monitoring devices.

(3) Measurement of intake and output.

i. Diet. Define an enteral diet appropriate for age, caloric needs, and any special problems of
velopharyngeal coordination, absorption, or transit time.

j- Intravenous fluids or parenteral nutrition.
k. Diagnostic tests. List all tests with dates, times, and frequencies of performance.

I. Drugs. Include generic drug name, preparation, dose amount, route, frequency, and duration of



administration. Most institutions restrict drug utilization to a formulary of preparations and brands. Orders
for nonformulary drugs in special circumstances require justification. Orders for oxygen therapy should be
explicit as to means of administration and inspired oxygen concentration (FiO2).

m. Therapies. Respiratory, physical, and/or occupational therapy are ordered with definition of type,
frequency, and goals of treatment.

IV. Consultations and referrals.

Consultations and referrals. Pediatricians function within the medical community as peers, consultants,
and referral sources. Careful management of these relationships is key to providing sound pediatric
therapy.

A. Consultations.

Consultations. Pediatricians may be asked to consult with colleagues from other medical specialties (e.g.,
surgery, internal medicine), other pediatric providers (e.g., family practitioners, child psychologists), or
other pediatricians. The following guidelines may be helpful.

1. Respond as soon as possible. If necessary, a substitute consultant should be offered.

2. Determine what questions require your assistance and respond specifically to them.

3. Explain to the patient and parents the limits of your role as consultant to, not replacement of, the
requesting physician, particularly if the consultation requires follow-up.

4., Successful consultation is best accomplished by meticulous attention to detail. Do not assume that
you have more knowledge than a requesting colleague. You may, however, have more time. Frequently,
the answer to a clinical dilemma lies in elucidation of historical details or an overlooked physical finding.

5. Do not comment on a colleague's management in the presence of the patient or parents.

6. The best consultation provides the requesting colleague with information or opinion, or both, on which
to base clinical decisions.

7. Discuss your findings with the requesting colleague and ask for permission before sharing them with
the patient and family.

B. Referrals.

Referrals. As primary care provider, the pediatrician functions within limits of time, expertise, and training.
If the needs of patients exceed these limits, referrals to specialists are necessary. While parents and
patients greatly appreciate referral to another highly qualified provider of specialized care or service,
pediatricians are increasingly called on to mediate the patient's contact with secondary and tertiary



services.

1. Pediatric subspecialties. Pediatricians should be familiar with local and regional practitioners of
medical and surgical pediatric subspecialties, as well as dentists, psychologists and psychiatrists,
podiatrists, occupational and physical therapists, and speech and language therapists.

2. Community services. Pediatricians should be aware of state and federal laws that influence the access
of children to educational and health services. For example, Public Law 99-457, the Education of the
Handicapped Amendments of 1986, requires early intervention services and preschool programs for
infants, toddlers, and preschoolers with handicaps.

3. Visiting nurse services. The continuation or monitoring of medical care at home requires participation
of home visiting nurse services.

4. Social services. While some pediatric primary care practices offer social service counseling to patients
and families, pediatricians should also be aware of community-based services that address these needs,
including private social work practitioners. In addition, the pediatrician should be aware of state
regulations on mandatory reporting of suspected physical or sexual child abuse.

5. National organizations. For the parents and family of children with chronic diseases or conditions,
referral to a national or regional organization may provide significant education and empowerment (Table
2-1Table 2-1).

V. The dying patient
A. Do not resuscitate orders.

Do not resuscitate orders. Cardiopulmonary resuscitation (CPR) should be initiated in the event of
sudden or impending respiratory or cardiac arrest unless a properly executed order to the contrary has
been given. The following outline addresses situations in which "do not resuscitate" (DNR) orders may be
appropriate and offers a method for their conduct.

1. Determination of appropriateness of DNR orders. CPR may be withheld from some patients who are
terminally ill and imminently dying, or whose illness or injury is irreversible, and irreparable, or for whom
continuous advanced life support would entail prolonged, unrelieved pain or discomfort.

2. Role of patient and parents. A DNR order requires concurrence of the patient, family, or legal
guardian. For older minor patients, it may be both appropriate and helpful to discuss the proposed order
with them and their parent or guardian. Some patients under 18 years old are legally competent, and the
law will not recognize parental consent as binding. Patients over 18 are generally recognized as legally
competent except where cognitive delay or other factors render them incompetent. For an individual
patient or parent to make an informed decision, he or she must understand the nature of the patient's
illness, the likely prognosis with and without treatment, the purpose of the DNR order, and its expected
consequences.



3. Documentation

a. Progress notes. When discussion among the care team, family, and possibly the patient results in
adoption of a DNR status for the patient, the attending physician should document the following in the
progress notes section of the patient record.

(1) Why and how the initial question of DNR orders was raised.
(2) The decision-making process that was followed, including
(a) Professional staff involvement.

(b) Role of parents and patient.

(c) Data on which decision is based.

(3) Summary and updates of planning process and decisions.
(4) Summary of conversations with the patient and parents.

b. The DNR order. Many institutions have successfully implemented a standardized DNR order format.
The order must be signed by the attending physician and nurse and must be renewed weekly. The
hospital care team is responsible for ensuring that all pertinent caregivers who will be providing care, or
who will assume care, are aware of the DNR order status and should be involved in future discussions to
ensure continuity and consensus.

4. Revocation of a DNR order. The individual patient, parent, or guardian who originally concurred with
the DNR order may revoke it at any time. Any member of the health care team or family may request that
the DNR order be reevaluated. Discontinuation of a DNR order should be noted in the appropriate place
in the patient orders and explained in the progress notes.

5. Reassessment of DNR orders before anesthetic and surgical procedures. Due to special
circumstances during general anesthesia, when cardiac or respiratory arrest is likely to be reversible and
procedures that might be viewed as "resuscitation" are often necessary, DNR orders should be
suspended during intraoperative and immediate postoperative periods. The anesthesiologist, in
conjunction with the patient's other attending physicians, is responsible for discussing the suspension or
continuation of DNR orders during anesthesia and surgery.

B. Determination of death.

Determination of death. With certain qualifications applicable to neonates, the following general
guidelines for the determination of irreversible coma, derived from the President's Commission for the
Study of Ethical Problems in Medicine (Guideline for the determination of death. JAMA 245:2184, 1981),
can be used to determine brain death in children.



1. An individual with irreversible cessation of circulatory and respiratory function is dead.

a. Cessation is recognized by appropriate clinical examination to disclose the absence of
responsiveness, heartbeat, or respiratory effort.

b. Irreversibility is recognized by persistent cessation of circulatory and respiratory functions during an
appropriate period of observation or trial of resuscitative therapy.

2. An individual with irreversible cessation of all functions of the entire brain, including the brainstem, is
dead.

a. Cessation in this case is recognized when evaluation discloses both the absence of cerebral function
and brainstem functions.

(1) Deep coma, or cerebral unresponsivity, may require the use of confirmatory studies such as EEG or
brain flow study. True decerebrate or decorticate posturing or seizures are inconsistent with brain death.

(2) Brainstem testing requires the careful assessment of papillary light, corneal, oculocephalic,
oculovestibular, oropharyngeal, and respiratory (apnea) reflexes. Peripheral nervous system activity and
spinal cord reflexes may persist after death.

(a) Apnea testing can be employed to assess the presence of brainstem function. Mechanical ventilation
with pure oxygen or oxygen and carbon dioxide mixture is given for 10 minutes before mechanical
ventilation is suspended and a passive flow of oxygen is delivered. A 10-minute period is usually sufficient
to attain an arterial carbon dioxide tension (PaCO2) greater than 60 mm Hg at which respiratory effort
should be stimulated. Testing of arterial blood should confirm this level of hypercarbia. Spontaneous
breathing effort indicates that part of the brainstem is functioning.

b. Irreversibility of the cessation or brain functioning requires all of the following to be true:
(1) The cause of the coma is established and is sufficient to account for the loss of brain functions.
(2) The possibility of recovery of any brain function is excluded.

(3) The cessation of all brain functions persists for an appropriate period of observation or trial of therapy.
In well-established, irreversible conditions that cause cessation of brain function, a period of 12 hours of
observation without brain function is usually sufficient. Anoxic brain injury and other potentially reversible
conditions, such as drug intoxication, hypothermia, or shock, may require longer periods of observation.
The use of the following confirmatory tests may allow earlier confirmation of irreversibility.

(a) Electrocerebral silence documented by EEG verifies irreversible loss of cortical functions, except in
patients with drug intoxication or hypothermia.

(b) Four-vessel intracranial angiography can confirm the absence of circulation to the entire brain.
Complete cessation of circulation of the normothermic adult brain for more than 10 minutes is
incompatible with survival of brain tissue.



(c) Cerebral perfusion studies such as radioisotope bolus cerebral angiography and gamma camera
imaging with radioisotope cerebral angiography do not adequately assess brainstem perfusion.

C. Managing pediatric death and bereavement.

Managing pediatric death and bereavement. The strongest of all grief reactions occurs when a parent
loses a child. The ability of the medical team to facilitate grieving can make a significant difference in the
family's experience of their loss and future attitudes towards illness and death. (see also Chap. 1, p. 5)
1. Grief reaction stages. The time course of the grief process is usually 6 to 12 months.

a. Shock: denial and disbelief.

b. Suffering: the acute mourning reaction

(1) Somatic distress.

(2) Preoccupation with the image of the deceased.

(3) Feelings of guilt.

(4) Feelings of hostility.

(5) Breakdown of normal patterns of conduct.

c. Resolution: acceptance of loss, return to well-being, awareness of having grieved.

2. Normal differences in grieving

a. One or both parents may act as a "manager”" who may avoid the reality of the child's death, increase
their involvement outside the home, and reject professional support.

b. Mothers may be more expressive or more withdrawn, may feel more acutely separated, and may not
want to burden other family members.

c. Surviving siblings over 10 years old are generally able to understand that death is inevitable and
irreversible. They are able to resolve the problem of loss, and do substantially better when they are
included in the grief process. Children younger than 10 years of age lacking this level of understanding
may assume responsibility for a sibling's death or engage in magical thinking about the death.

d. Physical displays of grief vary with a family's cultural and religious background.

3. Strategies around the time of death

a. Try to anticipate



(1) Provide consistent information.

(2) Avoid notification by telephone if at all possible.

b. Encourage parents to hold the infant or child after death and allow them time alone.
c. Reinforce their role in their child's life.

d. Discuss the technical aspects of death in simple terms.

e. Offer a postmortem examination, stressing its importance and recognizing its limitations (see sec. E
below).

f. Encourage a funeral, particularly for deceased newborns.

g. Anticipate grief reactions and reassure that these feelings are normal.
h. Establish expectation of continuing contact with the family.

(1) Telephone contact in the first few days.

(2) At 4 to 8 weeks, scheduled meeting with the primary team to review hospital course, postmortem

results, and grieving process. Anticipate difficulties with anniversaries. Discuss genetic counseling and
future pregnancies.

(3) Telephone contact at 1 year.

D. Organ donation

1. The disparity between the supply and demand for donor organs remains the major constraint in
pediatric solid organ transplantation.

2. ldentification of the potential organ donor

a. The single indisputable requirement for organ donation is a declaration of brain death (see sec. B
above).

b. The determination of brain death must be independent of the transplantation process.

c. Local organ procurement agencies should be contacted and can provide trained personnel to respond
to questions of medical team and family regarding organ donation.

3. Contraindications for organ donation

a. Absolute contraindications



(1) Infectious diseases

(a) Human immunodeficiency virus

(b) Hepatitis B

(c) Untreated systemic viral or bacterial disease

(2) Systemic lupus erythematosus or other collagen vascular diseases.

(3) Congenital metabolic disorders.

(4) Sickle cell or other hemoglobinopathies.

(5) Malignancies (except those confined to the central nervous system).

b. Relative contraindications

(1) Refractory hypotension.

(2) Bacterial infection localized to the central nervous system and/or adequately treated.

(3) Diabetes mellitus.

(4) Hypertension requiring treatment.

(5) Extensive burns.

(6) Central nervous system malignancy.

(7) Disseminated intravascular coagulopathy.

(8) Positive cytomegalovirus titer (if recipient is CMV negative).

4. Maintenance of optimal organ function of potentially transplantable organs, including kidneys, heart,
lungs, liver, and pancreas, requires consideration of the following conditions in the brain-dead organ
donor with beating heart.

a. Temperature instability. Environmental control and minimization of heat loss are recommended to
maintain the donor's core body temperature above 33°C.

b. Cardiopulmonary arrest occurs in a significant number of brain-dead organ donors during the
maintenance phase, resulting from

(1) Dehydration related to the use of osmotic agents and diuretics used in the treatment of cerebral



edema.

(2) Exogenous fluid losses related to central diabetes insipidus.

(3) Loss of peripheral vasomotor tone related to autonomic nervous system dysfunction.
(4) Myocardial dysfunction.

¢. Hemodynamic instability

(1) Hypertension related to cerebral edema may require adrenergic blocking agents (see Chap. 9, sec.
VI, pp. 298ff.).

(2) Hypotension requires intravascular volume infusions and vasopressor agents. In pediatric organ
donors with refractory shock, adrenal insufficiency should be suspected (see Chap. 13, sec. VI, A, p.
396-7).

d. Respiratory instability (see Chap. 7)

(1) Because ventilation requirements are minimal in the brain-dead organ donor, excessive ventilator
pressures should be avoided.

(2) Supplemental oxygen may be required to maintain adequate tissue oxygenation.

(3) Pulmonary edema related to fluid overload or other perimortem causes that result in a significant
oxygenation defect can exclude lung donation.

e. Fluid and electrolyte imbalance (see Chap. 4)
(1) Central venous or pulmonary artery pressure catheters, or both, may be needed.

(2) Manage hydration according to expected maintenance, calculated deficit, and measured ongoing
losses.

(3) Vasopressin replacement is recommended if urinary fluid losses due to diabetes insipidus are
suspected. An initial infusion rate of 2 mU/hr may need to be increased to maintain effect. (see also pp.

391-2)

(4) Minimal cerebral glucose metabolism requires close observation for glycosuria and may necessitate
insulin infusion.

(5) Bowel ischemia may result in significant gastrointestinal fluid losses.
(6) Hypocalcemia is frequently seen after extensive resuscitation efforts.

(7) Transfusion of blood products should be avoided if possible.



E. Postmortem examination

1. As an opportunity to discuss the disease process that resulted in death, the postmortem examination
offers great benefits to families and care team. It

a. Facilitates the processing of grief by surviving family members.

b. Provides information pertinent to the health of family members, future pregnancies, and other patients
with similar conditions.

c. Provides confirmation or refutation of pathophysiologic assumptions made before death.
2. Autopsy permission

a. Before discussing postmortem examination with next of kin, it is important to verify that the patient's
death does not require notification of the Medical Examiner (see sec. F below).

b. In cases declined by the Medical Examiner and those that do not require Medical Examiner
notification, the performance of a postmortem examination should be offered to the appropriate family
member. If closest relations to the deceased patient are not present at the time of death and neither such
persons nor the patient before death have expressed contrary inclination, permission may be obtained
from

(1) A spouse.

(2) An adult son or daughter.

(3) Either parent; if possible, both parents should give permission.

(4) An adult sibling.

(5) The guardian of the patient.
F. Medical examiner naotification.
Medical examiner notification. Laws requiring notification of the Medical Examiner of the time, place,
manner, circumstances, and cause of certain deaths are set at the state and local levels. Generally, the
following deaths should be reported.

1. All cases of dead-on-arrival.

2. Death within 24 hours of admission.

3. Death of a patient admitted unconscious who never regained consciousness.



4. Death during surgery or any therapeutic or diagnostic procedure.

5. Death that is sudden and unexpected.

6. Death related to any kind of trauma including motor vehicle accidents.
7. Death related to an abortion.

8. Death related to a traumatic or unattended home delivery.

9. Death related to an occupational injury.

10. Death related to physical or sexual abuse.

11. Death related to malnutrition.

12. Death related to any chemical agent including poisons or drugs.

13. Death related to electrical or thermal injury.

14. Death due to drowning.

3 Principles of Normal Newborn, Well-Child, and Adolescent
Care Top

Shari Nethersole, Sara Foreman, and Charles F. Simmons

I. General assessment and management of the healthy newborn

A. Physical examination of the newborn.

Physical examination of the newborn. At birth, more information is obtained from the general overall
visual and auditory appraisal of a naked infant than from an exhaustive system-by-system examination.

On initial examination, four categories are of the utmost importance: cardiorespiratory status; the
presence of congenital anomalies; the effects of gestation, labor, delivery, and maternal medications; and
signs of infection or other systemic disease. A fretful infant should be quieted with a nipple. A useful

sequence of examination is as follows.

1. Respiratory



a. Evaluation includes color, presence of acrocyanosis (quite common in the first 24-48 hours of life), and
respiratory rate (normal 40-60 and often periodic).

b. Retractions, nasal flaring, and respiratory grunting are abnormal in the absence of crying.

2. Cardiac

a. Evaluation includes the position of maximal impulse, palpation of femoral or dorsalis pedis pulses, and
auscultation of the heart for rate (generally 120-160 beats per minute; occasionally <100 in term or

postterm infants at rest), rhythm, and presence of murmurs.

b. Because of rapid alterations in systemic and pulmonary pressures, murmurs, especially in the first 24
hours of life, usually do not reflect the presence of significant heart disease.

c. Distant heart sounds, especially if accompanied by respiratory distress, may be secondary to
pneumomediastinum or pneumothorax.

3. Abdomen
a. Observe for asymmetry (including the musculature), masses, and fullness.
b. Bowel sounds may or may not be present.

c. Palpate with gentle pressure to determine the size of the liver (may extend 2.5 cm below the right
costal margin) or spleen (generally, at most, a tip may be palpable). Palpate deeply for both kidneys.

4. Genitalia and rectum
a. In boys, observe for presence of both testes, and normal placement and patency of the urethral orifice
and anus. The testes should be similar in size and should not appear blue through the scrotum (a sign of

torsion). Hydroceles are common.

b. In girls, in addition to observing for anal patency, one should search for interlabial masses; mucosal
vaginal tags are normal. A mucoid vaginal discharge (occasionally blood streaked) is often noted.

5. Skin

a. Jaundice in the first day of life is abnormal and an investigation for the cause should ensue (see Chap.
6). Mild jaundice on subsequent days is common.

b. Common findings are

(1) Milia (tiny yellow papules, representing blocked sebaceous glands, usually found on the nose and
cheeks).



(2) Mongolian spots (bluish, often large, patches most commonly found on back, buttocks, or thighs of
infants of Asian or black background).

(3) Erythema toxicum (papular or vesicular lesions on an erythematous base, seen on the torso and
limbs).

(4) Pustular melanosis (small, superficial pustules that easily rupture, leaving hyperpigmented macules
and seen most commonly in black infants).

6. Extremities, spine, and joints

a. Observe for anomalies of the digits, hand creases, structural abnormalities (especially in the sacral
area), hip dislocation, and positional deformities.

b. The clavicles should be palpated to detect fractures.

7. Head, neck, and mouth
a. Inspect for cuts, bruises, caput, cephalohematoma, mobility of suture lines, and skull molding.

b. Measure the head circumference from occiput to midbrow-generally 31 to 36 cm at term (Fig. 3-1).
Fig. 3-1. Classification of newborns based on maturity and intrauterine growth. (Adapted from
LCLubchenco, C Hansman, E Boyd. Pediatrics 37:403, 1966; and FCBattaglia, LCLubchenco. J Pediatr
71:159, 1967. Copyright (c) 1978, Mead Johnson & Co, Evansuville, IN.

c. Observe for neck flexibility and asymmetry.

d. Inspect for cleft palate.

8. Neurologic examination. Observations for neurologic status can usually be made concurrently while
handling the baby for the preceding examinations. Observe for tone, activity, symmetry of the extremities
and facial movements, alertness, consolability, and reflexes, including the Moro, suck, root, grasp, and
plantar reflexes.

9. Eye examination. (Periorbital edema in first few days of life may interfere.)

a. Usually, the presence of cataracts and tumors can be largely ruled out by elicitation of the red reflex.

b. Scleral hemorrhage (very common) and pupillary size and shape can be assessed.

c. All infants should have received prophylaxis for bacterial conjunctivitis with topical ophthalmic
ointments-tetracycline 1%, erythromycin 1%, or silver nitrate 1%.

10. The discharge examination should include attention to overall appearance, cardiac status (cyanosis,
congestive heart failure, or new murmur), abdomen (masses), skin (jaundice, pustules), cord (infection),



and circumcision wound. Additionally, feeding, amount of weight loss, and stool/urine output should be
reviewed. Maternal preparation should be assessed and medical follow-up established.

B. Nursery care

1. Temperature control. Heat loss may be minimized by placing an infant in a neutral thermal
environment, the thermal condition at which heat production is minimal yet core temperature is within
normal range. Hypothermia can produce apnea, hypoxemia, hypoglycemia, and acidosis. In the healthy
infant, the skin should be dried, wet towels removed, and the infant wrapped. Examination in the delivery
room should be performed under a radiant warmer with a skin probe, keeping the skin temperature at
36.5°C (97.7°F). Appropriate clinical judgment will determine need for radiant warmer, isolette, or open
crib.

2. Feeding and nutrition. Growth requirements for full-term neonates are 90 to 120 kcal/kg/day. The
protein requirement is 2 to 3 g/kg/day. Fat should make up 30 to 50% of caloric intake, protein 7 to 15%,
and carbohydrate 30 to 65%.

a. Breast feeding

(1) Breast milk is of proved nutritional, immunologic, and emotional value for the feeding of the full-term
and preterm infant, and should be encouraged for all full-term and most preterm infants.

(2) Human milk contains antimicrobial components not found in infant formulas: immunoglobulins,
leukocytes, lactoferrin, the third component of complement in colostrum, and lysozymes. In areas in
which sanitation is poor, the use of nonhuman milk formulas has been clearly associated with increased
infant mortality from infection.

(3) Fostering successful breast feeding

(a) Both the obstetrician and the pediatrician should discuss and encourage nursing prenatally with the
mother.

(b) Experienced nursing mothers should be available to discuss the satisfaction and techniques of breast
feeding with expectant mothers.

(c) Obstetric ward and neonatal unit practices should support successful nursing including
(i) Decreasing the amount of sedation or anesthesia given to mothers.

(i) Encouraging the mother to nurse the infant immediately after delivery, if possible.

(iif) Encouraging "rooming in" to avoid separation of mother and infant.

(iv) Having infants fed on demand rather than on a rigid schedule.

(v) Discouraging the routine use of "supplemental" water or formula by nursery personnel, unless



absolutely necessary.

b. Formula feeding for full-term infants. A number of commercially available formulas are adequate
(Table 3-1Table 3-1). Those based on cow's milk (e.g., Similac, Enfamil) are the usual formulas for
full-term infants under most circumstances. For special circumstances other formulas may be needed.

(1) Soy-based formulas should be reserved for special situations, such as a strong history of cow's milk
intolerance.

(2) For most industrialized countries, the practice of boiling water for preparation of powdered or
concentrated infant formula is not necessary and may inadvertently concentrate nonbiologic impurities
from the cooking vessel itself.

c. Supplements (vitamins, iron) for full-term infants. All newborns should receive vitamin K (vitamin K
oxide, 1.0 mg IM; 0.5 mg IM if <1,500 g) at birth.

(1) Breast-fed infants

(a) There is no conclusive evidence that healthy, breast-fed infants of well-nourished mothers require
vitamin supplementation provided that sunlight exposure is adequate for vitamin D synthesis (see p. 48).

(b) The use of iron supplements in breast-fed infants is controversial.

(2) Formula-fed infants. Formulas usually contain adequate vitamins (1 gt formula/day). Only iron-fortified
formula should be used, not "low-iron" formula. If low-iron formula is used, iron supplementation after 8
weeks of age may be necessary (2 mg/kg/day elemental iron).

d. Special nutritional needs of the well low-birth-weight infant

(1) Nutritional requirements. Daily caloric requirements for premature infants are 50 to 100 kcal/kg/day by
3 days of age and 110 to 150 kcal/kg/day during later growth.

(2) Formulas for premature infants. The caloric, protein, and calcium requirements for premature infants
are somewhat higher than those for term infants.

(a) Breast milk. Premature infants should receive breast milk whenever possible. Appropriate
supplementation can be provided by adding milk fortification (Human Milk Fortifier or Natural Care; Table
3-2Table 3-2) to adjust caloric density to 24 kcal/oz.

(b) Formula feeding. Modified formulas (e.g., Special Care or Enfamil Premature) are acceptable
alternatives to breast milk. These have higher whey-casein and calcium-phosphorus ratios, and are
supplied in kcal/oz concentrations (see Table 3-1Table 3-1). Increased caloric content may be achieved
by use of carbohydrate or fat supplements (Table 3-1Table 3-1).

(3) Fluid requirements of premature infants. Fluid intake of low-birth-weight infants should increase from
75 ml/kg/day on day 1 to approximately 150 ml/kg/day after day 5 (see Chaps. 4 and 6, p. 213).



(4) Feeding techniques. Coordinated sucking and swallowing may not mature until 34 to 35 weeks'
gestational age. Direct breast feeding can be attempted but may not be successful. Such infants can be
fed using smaller/softer nipples.

(a) Gavage feeding. For infants who are too immature for oral feedings, enteral feedings can be
administered by gavage.

(b) Intravenous supplementation

(i) If the infant is under 1,500 g, start an IV line with 10% dextrose in water (D/W) at 75 to 100 ml/kg/day.
Decrease this IV fluid supplement as gavage volume increases until gavage feedings exceed 100
mi/kg/day.

(ii) Electrolyte supplementation may be necessary if IV support is required beyond the first day.

(5) Keep gastric intake below 200 ml/kg/day to avoid aspiration. Infants who need to suck in excess of
their appetite can be appeased with pacifiers, which also appear to improve gastric motility.

(6) Close monitoring

(a) Follow serum glucose carefully, starting at birth, at 1 and 2 hours of age, and then before feeds until
the infant's condition is stable. Hypoglycemia can result if the IV supplement stops abruptly.

(b) Monitor urine specific gravity, skin turgor, body weight, serum and urine osmolarity, and electrolyte
concentrations as necessary.

(7) Supplements

(a) Calories. Caloric concentration of formula should not exceed 30 calories/oz. A caloric concentration
of 24 calories/oz is usually sufficient (see Tables 3-1 Tables 3-1 and 3-33-3).

(i) Carbohydrates. Glucose polymer (Polycose) provides 8 kcal/tsp (powder) or 2 kcal/ml (liquid).
(ii) Fat. Medium-chain triglyceride (MCT) oil provides 7.7 calories/ml.
(b) Vitamins. Vitamin supplementation is begun as soon as the infant is receiving full volume feedings.

(i) Vitamin supplementation is needed for preterm babies in order to meet recommended intakes,
particularly with respect to vitamin D (400 IU/day) and folate (50-65 mg/day).

(i) Liguid drop preparations currently available in the United States for infants contain either vitamins A,
C, and D or vitamins A, C, D, thiamine, riboflavin, niacin, B6, B12, and E. Folate is not included because it

is relatively unstable in solutions.

(c) Calcium. Supplemental calcium (150 mg/kg/day elemental calcium is the recommended total daily



consumption) may be necessary because formulas commonly used for full-term infants contain
approximately 44 to 53 mg/dl calcium. Premature infant formulas (see Table 3-1Table 3-1) contain
sufficient calcium such that supplementation is rarely necessary.

(8) Infants who are unable to tolerate oral gavage feedings need parenteral nutrition (see Chap. 11).

II. Anticipation of common problems (see also Chap. 6)
A. Premature infants (under 37 weeks' gestation)

1. Thermal regulation. Premature infants experience more rapid heat loss than do term infants.
Management usually requires an overhead radiant warmer or a closed incubator for infants less than
1,800 g.

2. Respiration. Many healthy premature infants have transient tachypnea from delayed resorption of fetal
lung fluid. This may be distinguished from hyaline membrane disease or pneumonia, which would require
immediate aggressive treatment (see Chap. 6).

3. Apnea. Significant apnea will occur in 5 to 10% of 33- to 34-week-old infants. The rate is higher for
less mature prematures. All infants younger than 34 to 35 weeks old should be monitored until they are

apnea free for up to 5 days.

4. Cardiovascular. Careful computation of fluids is essential. Inadvertent fluid overload can promote
patent ductus arteriosus.

5. Hematologic. Anemia is common, both iatrogenic and physiologic (nadir at 4-6 weeks). This should be
monitored. Treatment is described in Chapter 6.

6. Hyperbilirubinemia, hypoglycemia, hypocalcemia, and hyponatremia are common.

B. Small-for-gestational-age (SGA) infants (birth weight below the 10th percentile for gestational age; see
Fig. 3-1)

1. During pregnancy, identification, evaluation, and monitoring of fetal growth and well-being are
essential. Possible causes of intrauterine growth retardation should be investigated. A standard workup
includes a review of obstetric causes, examination for identifiable syndromes, and laboratory evaluation

for congenital infection (particularly cytomegalovirus). Examination of the placenta is frequently useful.

2. At delivery, anticipate possible fetal distress, perinatal depression, meconium aspiration, hypoxia, and
heat loss.

3. In the newborn, monitor for hypothermia, polycythemia, hypoglycemia, and hypocalcemia.

4. Leukopenia, neutropenia, and thrombocytopenia are often seen in infants born to hypertensive



mothers.

5. SGA infants should receive early feeds.

C. Large-for-gestational-age (LGA) infants

Large-for-gestational-age (LGA) infants (birth weight over the 90th percentile for gestational age; see Fig.
3-1). These infants are at high risk of birth trauma, including clavicular fractures, brachial plexus injuries,
and perinatal depression. Hypoglycemia and polycythemia should be anticipated.

D. Postmature infants

Postmature infants (gestation over 42 weeks). These infants are unusually susceptible to placental
insufficiency. As a result, fetal distress, meconium aspiration, and neonatal hypoglycemia occur more

frequently.

1. Management during pregnancy includes careful estimation of fetal gestational age by dates and
ultrasound. Monitoring of fetal well-being should start at 41 weeks and especially during labor.

2. Affected infants should receive early feeds and monitoring for hypoglycemia and polycythemia.
E. Common signs and symptoms.

Common signs and symptoms. Newborns manifest iliness in a limited number of signs and symptoms.
These should prompt evaluation for specific illnesses detailed in Chapter 6.

1. Respiratory distress. Most infants have some tachypnea during the first minutes of life. Infants with
sustained tachypnea, audible grunting, retracting, or flaring should be evaluated.

2. Cyanosis. Cyanosis in the context of respiratory distress is an emergency. Other causes of cyanosis
are

a. Polycythemia.

b. Hypothermia.

c. Apnea, choking, or airway obstruction.
d. Cyanotic congenital heart disease.

3. Apnea. Apnea in term infants is a serious symptom. Apnea in prematures is common but should be
evaluated with the first episode. Causes include

a. Infection (systemic or meningitis).

b. Central nervous system (malformation, bleed, or infection).



c. Respiratory obstruction (aspiration, anatomic).

4. Lethargy. Sleepiness in hewborns is common, but marked lethargy should prompt evaluation for
a. Sepsis or meningitis.

b. Metabolic disturbances.

c. Neurologic insults.

Ill. General principles of well child and adolescent care.

General principles of well child and adolescent care. The chief functions of well child and adolescent care
are health assessment, prevention, screening, and triage. As part of this, providers need to take the time
to

Establish a relationship of trust and open communication.

Gain an understanding of the child's cultural, ethnic, religious, and socioeconomic background.

Inquire about the child's environment.

Detect stresses that affect the family.

Determine risks of genetically transmitted diseases.

Detect early disease by a history, physical examination, and screening tests.

Detect early developmental and behavioral problems and monitor their remediation.

Provide health maintenance (i.e., immunizations, information on nutrition).

Provide appropriate counseling and anticipatory guidance.

Provide referral with specific documentation to specialists when knowledge, time, or diagnostic resources
are insufficient for appropriate management.

Provide prompt follow-up and coordination of specialty care as needed.
Provide advocacy for the patient and family as needed when other caretakers are involved.

A. Frequency of visits.



Frequency of visits. The American Academy of Pediatrics (AAP) has made recommendations for the
minimum number of health supervision visits that all children should have. The recommendations are
visits at 1 to 2 weeks, 2 months, 4 months, 6 months, 9 months, 12 months, 15 months, 18 months, 2
years, 3 years, 4 years, and 5 years, with visits every 2 years thereafter. (Some providers combine the
9-month and 12-month visits.) Table 3-4 Table 3-4 shows the recommended schedule and care
guidelines. Increased visit frequency is recommended for parents with a particular need for guidance or
education, those who come from a disadvantaged social or economic environment, and patients with
perinatal disease, congenital defects, or acquired iliness of a chronic nature.

The American Medical Association (AMA) published Guidelines for Adolescent Preventive Services
(GAPS) in 1992, which provides a set of recommendations to help direct practitioners in the care of teens
(Table 3-5Table 3-5). GAPS recommends annual preventive services visits for adolescents from ages 11
to 21 to screen for high-risk behaviors and to promote healthy lifestyles, including fitness, diet, and injury
prevention. Physical examinations should be performed during early (11-14 yr), middle (15-17 yr), and
late (18-21 yr) adolescence unless more frequently warranted by symptoms and need for sports or camp
physical examinations. Sexually active females require at least annual gynecologic assessments for
Papanicolaou (Pap) and sexually transmitted disease (STD) screening regardless of age.

B. Goals of health maintenance visits
1. Assess growth and development

a. Height and weight charts. Height and weight should be plotted at each well child visit on a National
Center for Health Statistics (NCHS) growth chart (Figs. 3-2 through 3-5). It should be kept in mind that
these charts are normed for American-born children and may not be valid for specific ethnic or racial
groups. Head circumference should be recorded for at least the first 12 months of life. The NCHS charts
include a graph of the weight-to-height ratio, which can be helpful in judging whether a child is
underweight or overweight for height. Sequential measurements are much more useful than single
determinations of weight and height in giving an overall picture of the child's growth pattern. When in
doubt, incremental growth charts should be used.

Fig. 3-2. Physical growth of girls from birth to 36 months of age. NCHS percentiles. (Adapted from
PVVHamill et al. Physical growth:National Center for Health Statistics percentiles. Am J Clin Nutr 32:607,
1979. Data from the Fels Research Institute, Wright State University School of Medicine, Yellow Springs,
OH. (c) 1982 by Ross Laboratories, Columbus, OH.)

Fig. 3-3. Physical growth of girls from 2 to 18 years of age. NCHS percentiles. (Adapted from PVVHamill
et al. Physical growth: National Center for Health Statistics percentiles. Am J Clin Nutr 32:607, 1979. Data
from the National Center for Health Statistics, Hyattsville, MD. (c) 1982 by Ross Laboratories, Columbus,
OH.)

Fig. 3-4. Physical growth of boys from birth to 36 months of age. NCHSpercentiles. (Adapted from PVV
Hamill et al. Physical growth:National Center for Health Statistics percentiles. Am J Clin Nutr 32:607,
1979. Data from the Fels Research Institute, Wright State University School of Medicine, Yellow Springs,
OH. (c) 1982 by Ross Laboratories, Columbus, OH.)



Fig. 3-5. Physical growth of boys from 2 to 18 years of age. NCHS percentiles. (Adapted from PVVHamill
et al. Physical growth: National Center for Health Statistics percentiles. Am J Clin Nutr 32:607, 1979. Data
from the National Center for Health Statistics, Hyattsville, MD. (c) 1982 by Ross Laboratories, Columbus,
OH.)

b. Simple screening tests, such as the Denver Developmental Screening Test (DDST; Fig. 3-6), can be
used to detect infants who require further evaluation for possible delays in gross motor, fine motor,
language, and social skills. The abbreviated revised DDST is a more efficient screen that requires only 5
to 7 minutes to administer. Table 3-6 Table 3-6 summarizes usual ages of attainment of developmental
milestones.

Fig. 3-6. Denver Developmental Screening Test. (c) 1969, 1989, 1990 by WK Frankenburg and JB
Dodds. (c) 1978 by WK Frankenburg.

Fig. 3-6B. Denver Developmental Screening Test. (c) 1969, 1989, 1990 by WK Frankenburg and JB
Dodds. (c) 1978 by WK Frankenburg.

Fig. 3-6C. Denver Developmental Screening Test. (c) 1969, 1989, 1990 by WK Frankenburg and JB
Dodds. (c) 1978 by WK Frankenburg.

Fig. 3-6D. Denver Developmental Screening Test. (c) 1969, 1989, 1990 by WK Frankenburg and JB
Dodds. (c) 1978 by WK Frankenburg.

2. Screening. Because parents often notice abnormalities before they become evident to the pediatrician,
the best screening test is a good history.

a. Simple testing includes visual and hearing acuity and tuberculosis skin tests.

b. Simple laboratory tests include screens for anemia, lead poisoning, and pyuria. Guidelines for
appropriate times for these screens are suggested by the AAP (see Table 3-4 Table 3-4).

3. Physical examination. Physical examination serves to verify normalcy for the parent's benefit, and to
pick up abnormalities that may not have been previously noted. Examples include strabismus, heart
murmurs, abdominal masses, orthopedic anomalies (e.g., internal tibial torsion, developmental dysplasia
of the hip), hypertension, and dental problems.

4. Immunizations. The AAP and the Advisory Committee on Immunization Practices (ACIP) have
recommended a schedule for routine active immunization of normal infants and children. This schedule
allows for some variability in the timing of certain immunizations, while encouraging immunization as early
in life as the vaccines can have efficacy (Table 3-7Table 3-7). This schedule is appropriate for premature
and low-birth-weight infants with the exception that oral polio vaccine (OPV) should always be given after
discharge from the hospital (see sec. c.(1) below). Table 3-7Table 3-7includes a schedule for primary
immunization of children not immunized in infancy. In children more than 6 years of age, the adult-type
diphtheria tetanus (Td) vaccine is preferred over the diphtheria-pertussis-tetanus (DPT) vaccine. Because
recommendations are often revised, one should consult the Morbidity and Morality Weekly Reports or the
AAP's Report of the Committee on Infectious Diseases (The Redbook) for the most current information.



a. Informed consent. The AAP has emphasized the importance of providing patients and parents with
benefit and risk statements about vaccines in lay terminology. The Centers for Disease Control (CDC)
has developed "vaccine information sheets," which are available from the immunization divisions of state
health departments. Current recommendations from the AAP state that parents' signatures on a form are
not as important as making sure the information is understood and consent given. Consent should be
documented in the medical record.

b. Scheduling-other considerations

(1) Acute febrile iliness. Postpone immunization; do not postpone for minor ilinesses such as upper
respiratory infections or nonfebrile otitis media.

(2) Unknown immunization status. Consider child susceptible and immunize.

(3) Lapse in routine immunization schedule. This does not interfere with immune response. It is
unnecessary to repeat doses. Do not give any reduced dosages, as this may induce inadequate immune
response.

(4) Prior anaphylactoid reaction to same or related vaccine. Defer immunization until skin testing is
performed.

c. Contraindications to live virus vaccines (trivalent oral polio vaccine [TOPV], measles-mumps-rubella,
varicella)

(1) Immunodeficiency. Patients infected with human immunodeficiency virus (HIV) should receive
measles-mumps-rubella (MMR) vaccine, as the risk of measles is thought to outweigh the risks of the
vaccine. Varicella vaccination is currently not recommended in immunocompromised children, including
children with HIV. Use of varicella vaccine in healthy children living in a household with
immunocompromised individuals is recommended. Immunodeficient patients or children living in a
household with an immunodeficient person can be given killed polio vaccine (IPV), rather than TOPV.

Hospitalized children should not be given OPV because of the possibility of transmission of the vaccine
virus to an immunosuppressed person.

(2) Immunosuppressed individuals, including those receiving radiation therapy, steroids, or
antimetabolites. Children receiving alternate-day steroids at low to moderate doses or those on short-term

steroids (i.e., asthmatics) can be immunized.

(3) Pregnancy. Pregnant women should not receive live viral vaccines. However, it is permissible to give
live vaccine to a household contact of a pregnant woman.

d. Contraindications to pertussis vaccine (see also sec. e.(1)). Currently, these apply to both whole-cell
pertussis vaccine (DTP) and acellular pertussis vaccine (DTaP).

(1) Evolving neurologic disorders (e.g., infantile spasms, uncontrolled epilepsy, progressive



encephalopathy).

(2) Personal history of seizure-begun recently or not well controlled; this does not include a family history
of seizures.

(3) Neurologic conditions that predispose to seizure or neurologic deterioration (e.g., metabolic and
degenerative disease, tuberous sclerosis).

e. Common side effects of vaccines. Parents should be advised that side effects may occur, but that the
incidence and severity of these side effects are far exceeded by the risks and damages of the diseases
against which vaccines afford protection.

(1) Pertussis (symptoms occur within 48-72 hours of injection). Local reactions include pain, and redness
and swelling. Systemic side effects include fever greater than 38°C, as well as fretfulness or irritability.
Rare, more serious side effects can occur and these may contraindicate further vaccination with
pertussis.

(a) The following adverse events would contraindicate further vaccination with DTP or DTaP:

(i) Encephalopathy within 7 days.

(i) An allergic (anaphylactic) reaction to vaccine.

(b) The following adverse events would contraindicate further vaccination with DTP, but vaccination with
DTaP may still be warranted, depending on risk of exposure:

(i) Seizure with or without fever, within 3 days.

(i) Persistent inconsolable crying for 3 or more hours or an unusual, high-pitched cry, within 48 hours.
(iii) Shocklike state (hypotonic-hyporesponsive episode), within 48 hours.

(iv) Temperature of 40.5°C (104.9°F) or greater, unexplained by another cause, within 48 hours.

(2) MMR. A temperature of 39.4°C (103°F) or more may develop between the sixth and tenth day after
vaccination and last 1 to 2 days. Transient rashes and arthralgias may occur.

(3) Haemophilus influenzae type B (Hib). Mild local reactions (erythema or swelling) may occur and
usually resolve within 24 hours. Systemic reactions are rare.

(4) TOPV. Minute risks of producing poliomyelitis.
(5) IPV. Mild local reactions only.

(6) Hepatitis B. Minor local reaction and low-grade fever for 24 hours.



(7) Varicella. Minor local reaction; a mild vesicular rash may develop within one month of immunization.

f. Acellular pertussis vaccines. The Food and Drug Administration (FDA) has approved an acellular
pertussis vaccine combined with diphtheria and tetanus toxoids (DTaP). This vaccine can be given for
any of the five childhood doses, starting at 2 months. Children who receive acellular pertussis vaccine
experience fewer and milder local and systemic side effects than those who receive the whole-cell (DTP)
vaccine. For this reason, the acellular vaccine is preferred if available. DTaP can be used to complete the
immunization schedule for infants and children who received DTP in their primary immunization schedule.

g. Natural immunity. Children who have incurred the natural disease of pertussis, measles, mumps,
varicella, or rubella develop lifelong immunity and do not need to receive the vaccine. However, receipt of
the vaccine when prior immunity to these diseases exists will cause no problem. Infection with H.
influenzae B in immunized children less than 24 months of age does not confer immunity and these
children should be immunized.

h. There are no known problems with the simultaneous administration of DTP or DTaP, TOPV or IPV,
MMR, hepatitis A, hepatitis B, HIB, and varicella. They should be given at different sites and should not
be mixed in the same syringe unless approved by the Food and Drug Administration (FDA). Some
polyvaccine products have recently been approved (e.g., DTP-Hib, DTaP-Hib, and Hib-hepatitis B).

i. The use of the Hib vaccine conjugated with diphtheria toxoid alone does not produce immunity to
diphtheria. Routine immunizations with DTP must be done. Children not immunized as infants should
receive Hib vaccine when first seen up until the age of 5 years. Revaccination is not presently
recommended if a dose of the vaccine has been received on or after 15 months of age.

j. Pneumococcal vaccine. A 23-valent vaccine containing polysaccharide antigens from the serotypes
that cause nearly 100% of pneumococcal bacteremia and meningitis in children is available. Infants or
toddlers may have a poor or unpredictable antibody response; hence, the vaccine is not recommended
for children under 2 years of age. High-risk children with sickle cell disease, functional or anatomic
asplenia, or nephrotic syndrome, and those about to undergo cytoreduction therapy for Hodgkin's
disease, should be vaccinated.

k. Hepatitis B vaccine. Two recombinant vaccines (Recombivax HB and Energix-B) are licensed and
produced in the United States. They induce more than 90% protection against hepatitis B virus (HBV)
infection, and adverse effects are minimal, consisting primarily of soreness at the injection site. Current
recommendations state that the highest priority should be immunization of high-risk children and all
infants, followed by immunization of adolescents living in high-risk areas, and all adolescents. A summary
of recommendations follows.

(1) Routine serologic screening of all pregnant women for hepatitis B surface antigen (HBsAg) should
continue.

(2) All newborn infants should be immunized with HBV vaccine. The appropriate doses are listed in Table
3-9Table 3-9.

(a) For infants born to HBsAg-negative mothers: Administer first dose to newborn (0-2 days) before



discharge from the hospital; administer second dose at 1 to 2 months of age, followed by the third dose at
6 to 18 months of age. Infants who did not receive a dose of vaccine at birth should receive three doses
by 18 months of age. The minimal interval between the first two doses is 1 month and between the
second and third doses is 4 months. An alternative schedule of immunizations at 2, 4, and 8 to 18 months
of age, although not preferred, is acceptable, provided the infant's mother is HBsAg negative.

(b) Infants born to HBsAg-positive women must be immunized at or shortly after birth and should receive
one dose of hepatitis B immune globulin (HBIG) as soon as possible after birth. The second dose should
be administered at 1 month and the third dose at 6 months. These infants should have their serologic
status checked at 9 months of age. If their anti-HBs titer is less than 10 mlU/ml, they can receive up to
two more doses of vaccine.

(c) If the mother's HBsAg status is unknown at the time of delivery, the infant should be immunized at
birth with the dose of vaccine recommended for infants born to HBsAg-positive mothers. The mother
should be screened as soon as possible to determine the need for HBIG if she is HBsAg positive.

(3) Older children, adolescents, and adults at increased risk of HBV infection (Table 3-10Table 3-10)
should be immunized with HBV vaccine.

(4) Routine immunization of all adolescents against HBV should be implemented when feasible.

|. Varicella vaccine. A live, attenuated varicella vaccine has been approved by the FDA. Both
seroconversion rates and protective efficacy were greater than 95% when the vaccine was administered
to healthy children. The current recommendation of the AAP and ACIP is that all children be immunized
between 12 and 18 months of age, if they have no reliable history of varicella. Children ages 18 months to
13 years who have not been immunized and who lack a reliable history of the disease should also be
immunized. Healthy adolescents past their thirteenth birthday who have not been immunized and who
lack a history of infection should be given two doses of the vaccine 4 to 8 weeks apart.

m. Influenza vaccine. Yearly preparations of influenza vaccine should be administered to all children and
adolescents who have cardiac or pulmonary disorders, who are immunosuppressed, or have debilitating
chronic diseases.

n. Hepatitis A vaccine. An effective hepatitis A vaccine has recently been licensed for individuals 2 years
of age and older. Three doses are required for children from 2 to 18 years of age. The second dose is
given 1 month after the first, and the third dose 6 to 12 months later. Though universal immunization of
children may be recommended in the future, current CDC recommendations are for immunization of
travelers to endemic areas and members of high risk groups (Alaskan natives, Native Americans,
homosexual men, IV drug users, day care center employees, and military personnel).

0. Poliovirus vaccines. Given the eradication of wild-type poliovirus from the Western hemisphere since
1994, and the small but real risk of vaccine-associated paralytic polio, the AAP has approved a sequential
IPV/OPV schedule for use in the United States (first two doses IPV, next two doses OPV). OPV still
should only be used in countries with continued or recent circulation of wild-type poliovirus and
occurrence of paralytic poliomyelitis, and for those countries in which the increased cost of IPV and its
administration make its use impractical (AAP recommendation, November 1996).



5. Anticipatory guidance. A well-child visit is incomplete without adequate time for anticipatory guidance.
The AAP has issued two companion manuals, Guidelines for Health Supervision and Health Supervision
Visit, which address anticipatory guidance for each visit. In summary, visits include the following:

a. Newborn visit (1-2 weeks): reassurance that adequate weight gain is occurring and that the baby is
otherwise healthy. Encouragement is also provided. Guidance is offered for possible symptoms of colic.

b. 2-month visit: reassurances that breast milk or formula without additional foods supplies adequate
nutrition (see p. 49).

c¢. 4-month visit: introduction of solids (see Sec. IV.A.1.c). Accident prevention-baby becoming mobile
(Table 3-11Table 3-11). Teething (see p. 50).

d. 6-month visit: review of developmental milestones reached or soon to be reached; sitting without
support, holding objects, babbling. Accident prevention (see Table 3-11Table 3-11). Supply Poison
Control Center telephone number and possibly ipecac sample.

e. 9- to 12-month visit: introduction of finger foods, increasing autonomy, accident prevention (see Table
3-11Table 3-11).

f. 18-month to 2-year visit: discussion of temper tantrums, toilet training, and limit-setting techniques.

IV. Specific considerations
A. Common management issues
Common management issues in infants and toddlers

1. Feeding. The early discussion of variability in feeding patterns, both in quantity and quality, helps to
allay future concerns.

a. Breast feeding. Breast-feeding mothers often benefit from additional counseling by the physician,
nurse, or, if available, lactation consultant to help with mechanics.

(1) Feeding frequency should be determined by the baby's demand, usually every 2 to 3 hours during the
first 2 to 3 weeks. While clinicians differ, we recommend that the duration of each feeding be 5 to 10
minutes per breast. The mother should alternate the breast on which the nursing is begun at each feeding
to keep milk production and consumption fairly even. "Bubbling" or "burping" should be done at least
between breasts or possibly more frequently as needed. Milk supply is low for the initial 2 to 5 days, and
the new mother needs reassurance that her milk will "come in," that she should continue to put the baby
to breast, and that the baby will be fine until that time.

(2) Nipple soreness is a common early problem that may be helped by keeping initial feeding periods



brief in the first 24 to 48 hours, using only water to cleanse nipples, and changing position to assure
proper "latching on," which will minimize soreness and prevent cracking of nipples at pressure points.

(3) Breast engorgement may begin 2 to 3 days postpartum and can be alleviated by a supportive bra,
compresses (cool at first, warm if no relief), and oral analgesics.

(4) Alveolar engorgement may occur on days 3 to 4 postpartum as the result of milk secretion unresolved
by proper letdown and emptying. Treatment involves facilitating the letdown reflex by ensuring maternal
comfort and the manual expression of enough milk to relieve some fullness.

(5) The breast-fed baby may require 2 and occasionally even 3 weeks to regain birth weight. Inadequate
weight gain at 2 weeks is best assessed by observing the mother and infant during feeding. Usually,
increasing the frequency of feeds and assuring that support systems are available to the mother so that
she can get adequate physical and emotional rest will suffice. The weight should be rechecked within a
few days.

(6) Jaundice is more likely to occur in the breast-fed baby than in the formula-fed infant. Jaundice from
breast feeding generally occurs with the onset of the milk coming in and peaks at about 10 to 14 days of
age. All other causes of jaundice should be excluded. If the bilirubin is high (320), the mother should stop
breast feeding for 12 to 48 hours. If the etiology of the jaundice is the milk, the bilirubin level will fall, even
as much as 2 mg/dl in 12 hours. Breast feeding should then be reinstituted. Generally, the bilirubin does
not rise to its previous high point. The mother should pump her breasts if an observation period is
necessary, so that breast feeding will not be compromised when reinstituted. Since there are no reported
cases of kernicterus associated with breast milk jaundice, breast feeding should never have to be
discontinued on this basis.

(7) Supplementation with formula can be used after nursing is established (3-6 weeks), but the mother
should understand that as suckling at the breast decreases, so will milk production. If the breast milk
supply seems inadequate, formula can be offered after nursing to supplement; this still assures the
suckling stimulus to continued milk production. Soy-based formula may be preferable to cow's milk for
"mixed" feeding regimens.

(8) Breast milk pumping allows the woman who works outside the home to continue to provide breast
milk for her infant. Breast milk can be refrigerated for 24 hours or frozen for up to 8 weeks. Pumping can
be done 1 to 2 hours after feeding or from the alternate breast. Weaning should be done gradually to
prevent painful breast engorgement. One breast milk feeding should be replaced at a time with a few
days in between.

(9) There has been some debate as to when breast-fed infants should be supplemented with fluoride
drops. The current recommendations of the AAP are shown in Table 3-12Table 3-12. There is also some
disagreement over the necessity of vitamin D. Dark-skinned infants who are exclusively breast fed during
the winter months are at highest risk for development of rickets. If given, the common preparations of
multivitamins containing 400 |U/day in combination with 1,500 IU vitamin A and 50 mg vitamin C are
generally used. Breast milk is adequate in all other nutritional requirements as the sole intake for the first
4 to 6 months of life. Contraindications to breast feeding are well discussed in J Cloherty, A Stark [eds].
Manual of Neonatal Care. Boston: Little, Brown, 1991.



b. Formula feeding

(1) A cow's milk-based formula containing iron (12 mg elemental iron/liter) is recommended for the first 9
to 12 months of life. Powdered or concentrated formula mixed with tap water is recommended for babies
in communities with fluoridated water. There is no need to boil the water in most municipal water supplies.
However, it is prudent to flush the water system by running tap water for 30 to 60 seconds to avoid adding
accumulated impurities such as lead to formula. If ready-to-feed formula is used or bottled water is mixed
with powder or concentrate, the infant may need to be supplemented with fluoride drops after 6 months of
age (see Table 3-12Table 3-12).

(2) Soy-based formulas can be used initially for babies with a strong family history of atopic disease and
as a supplement for breast feeding. Because all soy formulas currently contain iron, iron supplements are
not needed.

(3) Most newborns require approximately 5 oz formula/kg/day, based on caloric needs of 100
calories/kg/day and formula caloric density of 20 calories/oz. Infants of any age rarely require more than
38 oz of formula per day, because caloric requirements decline with age and alternate food sources
become available to the older infant.

(4) Whole cow's milk can be introduced between 9 and 12 months of age, provided that the infant is
consuming one third of calories as supplemental foods that provide adequate sources of iron and vitamin
C since 30 to 40% of dietary calories should be in the form of fat. Defatted cow's milk is not
recommended in children less than 2 years of age.

c. Introduction of solids

(1) The timing of introducing solids varies widely. The most uniformly accepted age in the US is probably
3 to 6 months. This timing should be based on the attainment of developmental milestones, that is,
adequate head control, loss of the tongue thrust, and some ability to express hunger and satiety. Some
intake and growth factors can be considered: intake of formula greater than 32 oz/day, doubling of the
birth weight, and/or an unacceptable increase in frequency of feedings.

(2) Iron-fortified cereals are recommended as the first solid foods. Fruits and vegetables in a blenderized
or strained form are begun next. A 2- to 4-day period should separate the introduction of each new food
to mark the occurrence of specific food intolerance or allergy.

(3) Although specific food intolerance or allergy is unusual during the first year of life, parents of infants
with family histories of allergy might delay introduction of the more troublesome foods, that is, egg whites,
citrus fruits, strawberries, chocolate, and fish. Delayed exposure has been shown to reduce sensitivity
reactions.

(4) During the second half of the first year of life, infants begin to like "finger foods," which allow some
independence in feeding (before the development of dexterity, it is still necessary to feed the baby with a
spoon).



(5) After one year of age, parents should offer a varied diet including each of the major food groups.
Periods of apparent decreased food intake may occur at 7 to 9 months, when the desire of babies to feed
themselves begins; at 2 to 3 years, when there is a further need for independence; and at 5 to 6 years. In
general, parents can be reassured during these periods by demonstrating the child's continued adequate
weight gain on growth charts. Forced feedings are never useful at any age.

2. Crying. Parents need to understand that babies normally cry for as many as 4 hours per day. It takes
time to understand babies' cries and what they mean. Parents also need reassurance that sometimes
there is no discernible cause and allowing the infant to cry is acceptable.

a. The term colic is used loosely and includes moderate to severe and otherwise unexplained bouts of
crying. It occurs in 10 to 15% of infants, starting by the age of 3 weeks and usually ending at 3 months.

(1) Etiology. There is no single cause. Persistent crying signals distress and should stimulate reasonable
efforts for an explanation. The typical pattern is that of a usually calm and placid infant who suddenly
screams, who draws knees up to abdomen, and who may pass flatus or feces. An episode can last for 10
minutes to 2 hours, and episodes occur more commonly in the late afternoon and early evening hours.

(2) Management
(a) Hunger, swallowed air, milk intolerance, or an acute illness must be excluded.

(b) Underfeeding and overfeeding should be discontinued. Air swallowing may be prevented by altering
feeding and increasing burping techniques and frequency. If the infant is formula fed, enlarging the nipple
holes may help improve flow of the formula.

(c) Listening and lending support are the cornerstones of management. The baby who is often fussy and
crying provokes anxiety and tension, and the parents need an outlet for their own concerns and feelings.

(d) Holding a fussy infant with colic is recommended. Gentle rocking, holding the baby close to the body
in a front pack, and using soothing words are helpful. Sometimes an automobile ride, if available, works
wonders.

(e) Parents need reassurance that allowing the infant to cry is an acceptable option if all soothing
techniques have failed. This simple "giving of permission" may lessen parental anxiety and tension,
resulting in a calmer infant.

(f) When parents are especially tired or anxious, it is important to ask whether they are afraid of hurting
the baby, and definite strategies for respite time may need to be established.

(g) Sedative and anticholinergic drugs are ineffective, and the hazards of overdosage and toxicity are
such that use of these drugs is not recommended. The use of simethicone drops as an antiflatulent has
not been proved effective, but they are safe and acceptable on a trial basis.

(h) Devices that attach to the crib and cause vibration are available and may be of benefit in selected
infants.



(i) Parents need to be reassured that they can ask to have their infant examined by their primary care
provider. Often a reassuring visit may preclude an inappropriate emergency room visit in the middle of the
night.

3. Teething

a. General considerations

(1) Teething is defined as the infant's reaction to the normal gingival inflammation that accompanies
natural eruption of teeth. The symptoms that accompany the process begin from the first to the fifteenth
month and may continue off and on into the third year of life.

(2) Teething is probably never responsible for significant fever, rhinorrhea, rashes, or diarrhea.

(3) The normal appearance at age 4 months of oral exploration and consequent salivation and drooling is
frequently attributed to, but rarely due to, teething. A gingival inflammation that occurs with actual eruption

of a tooth may produce an increase in this activity, as well as periods of irritability and "congestion."

(4) The lower central incisors are generally the first teeth to erupt and usually do so at 6 to 7 months of
age. For an appropriate chronology of deciduous tooth eruption, see Table 3-13Table 3-13.

b. Management
(1) Rubbing swollen gums or giving the infant a cold, hard object to bite may provide relief of discomfort.

(2) Application of commercially available topical analgesics and gels at best provides limited and very
transient relief.

(3) When discomfort and irritability are clearly related to teething, acetaminophen or ibuprofen (for
children over 6 months) may be useful.

4. Fever (see also Chap. 7, p. 238)

a. General considerations

(1) Most fevers in infants and children are caused by acute viral infection. Fever, unless exceptionally
high-over 41.1°C (106°F)-does no specific harm to the patient. Indeed, there is evidence to suggest that
fever may play a role in the natural body defenses against infection.

(2) While the height of the fever does not necessarily correlate with the severity of its cause, the
physician's concern should be aroused when patients fail to act and look better when less febrile. Further,
the actual response to antipyretics in terms of a decrease in the degree of fever is not predictive of the

seriousness of the infection.

(3) Because of the increased risk of bacteremia, the presence of fever in an infant under 3 months of age



should prompt the physician to see that child without delay.

(4) In the neonatal period, a temperature below normal is probably of as much concern as an elevated
temperature.

b. Management

(1) The treatment of temperature elevation should be aimed at making the patient comfortable. The mere
presence of fever does not always mandate treatment. However, the child with a history of febrile
seizures should have fever promptly treated.

(2) Adequate hydration of the patient with oral fluids and increased ambient fluid content of the air may
help prevent dehydration.

(3) Exposure of the skin to the air by removal of clothing and active sponging of the body with tepid water
promote heat loss. Alcohol or ice water should never be used for this purpose, since they cause a rapid
lowering of the skin temperature, with resulting vasoconstriction and prevention of heat loss.

(4) Antipyretics

(a) Acetaminophen has both antipyretic and analgesic properties. Children's preparations are available in
drops, syrup, chewable tablets, and suppositories. The dosage is 10 to 15 mg/kg q4h. At therapeutic
dosages, acetaminophen should have no adverse effects. Acetaminophen intoxication may cause serious
hepatic injury. For management of overdose, see Chapter 8, p. 271.

(b) Ibuprofen. Children's liquid preparations of ibuprofen are now available without prescription. It has
antipyretic, analgesic, and anti-inflammatory properties.

(c) Aspirin, or acetylsalicylic acid, is contraindicated in the routine management of pediatric fever. Its side
effects as well as possible association with Reye's syndrome when used in children with viral iliness
make it an unacceptable choice.

5. Vomiting and diarrhea (see also Chap. 11, p. 346)

a. General considerations. Vomiting and diarrhea are common symptoms. When the two occur together,
the most common cause is viral gastroenteritis.

(1) Vomiting

(a) Causes of vomiting in infancy include overfeeding, infection, formula intolerance, reflux, intestinal
obstruction, and increased intracranial pressure.

(b) In monitoring the adequacy of hydration (a major complication of vomiting along with electrolyte
abnormalities), the physician should question the parents as to the frequency of urination, the degree of
moistness of the mucous membranes, the presence or absence of tears with crying, and the child's
activity level. The parental perception of how sick the child is between episodes of vomiting will help in



determining how soon the child needs to be seen.

(c) Always be alert for intestinal obstruction, either partial or complete, or for increased intracranial
pressure as causes of vomiting. This vomiting can often be sudden or projectile, or both, and not
associated with feelings of nausea.

(d) Medicines such as theophylline and erythromycin can cause vomiting.
(2) Management of nonobstructive vomiting

(a) Initiate frequent (g30-60min) small (1-2 0z) amounts of easily digested clear fluids. The volume can
be increased as the symptom decreases.

(b) Formula intolerance may be due to the sugar or to the protein in the formula. A change to a soy
product that does not contain lactose or to a casein-based formula may be helpful.

(c) The assessment of improper feeding technique requires first-hand observation in the office and
continuing follow-up by telephone.

(d) If vomiting is due to simple gastroenteritis in a child over 2 years of age, a single dose of an
antiemetic such as prochlorperazine intramuscularly or per rectum may provide relief.

(3) Diarrhea

(a) Causes include local intestinal factors; viral, bacterial, and parasitic infections; antibiotics;
inflammatory bowel disease; or extraintestinal infections, such as otitis media, pneumonia, and urinary
tract infection.

(b) Important facts in the history include the general condition of the patient; presence of fever; number,
consistency, and size of the stools; presence or absence of blood in the stool; and diarrhea in family
members. When seeing a child with gastroenteritis, always record a weight, noting the clothing worn.

(c) Evaluate the state of hydration (skin turgor, mucous membranes, fullness of the fontanels, presence
of tears), activity level of the child, and presence or absence of infection other than in the gastrointestinal
tract.

b. Management

(1) Because most cases of gastroenteritis are caused by self-limiting viral infections, an initial period of
dietary treatment is helpful, with daily telephone contact to follow the patient's progress. Initially (for the
first 12-24 hours), clear liquids, such as oral electrolyte solutions, are given in small amounts if the child is
vomiting.

(2) After 12 to 24 hours, when the vomiting has stopped and diarrhea alone is present, early refeeding
with breast milk, a gradually strengthened soy-based formula, or lactase-treated cow's milk, in addition to
the oral electrolyte solution, will prevent starvation stooling, and a deficit of protein and calories, and will



stimulate repair of intestinal mucosa.

(3) After 24 to 48 hours, a bland diet (banana, rice cereal, applesauce, and unbuttered toast) can be
introduced.

(4) Kaopectate and antispasmodics should not be used. Such medications make many parents lose sight
of the importance of a restrictive, clear-fluid diet. Even with a decrease in the number of stools, continual
fluid loss into the gut may persist.

6. Constipation (see also Chap. 11, p. 349)

a. Diagnosis

(1) Constipation may be diagnosed by history with the findings of fecal contents on abdominal or rectal
examination. Abdominal pain may suggest it.

(2) Although constipation may accompany many syndromes, it more often represents too little free water
in the diet, inadequate intake of high-residue food, disruption of the child's daily habits, or a painful anal
fissure that causes withholding of the stool.

(3) Passing a daily stool does not exclude constipation as a problem. Large, hard, or painful stools,
sometimes large enough to clog the toilet, are significant signs even if they occur daily by history.
Conversely, infrequent stools, even once every 3 to 7 days, can be normal in breast-fed infants, and are
even common in formula-fed infants.

b. Treatment. A stepwise approach follows.

(1) To assist the child under age 2 to pass a hard stool

(a) Glycerine suppository.

(b) Single dilation with a lubricated rectal thermometer or finger.

(2) To increase bulk and soften the stool

(a) Increased intake of free water.

(b) Natural dietary lubricants (e.g., prune juice, olive oil, tomatoes, and tomato juice).

(c) High-residue foods (e.g., fruits and green vegetables). The addition of bran and whole grain products
is optimal for lifelong dietary changes.

(d) Pharmacologic stool softeners, such as dioctyl sodium sulfosuccinate (Colace), malt soup extract
(Maltsupex), or senna concentrate (Senokot), may be useful. The dosage of stool softeners is as follows:
age 1 month to 1 year, 1/2 tsp bid; age 1 to 5 years, 1 tsp bid; 5 to 15 years, 2 tsp bid. Large initial doses
are essential; when the stools become soft, the dosage can be reduced. Regular daily dosage is



continued for about 2 to 3 months and slowly reduced as bowel tone and regular bowel habits are
reacquired. Relapses are common, and monthly follow-up visits are advisable until the problem is clearly
resolved. Initially, Senokot, in particular, may produce cramping.

(3) To assist the child with anal fissures

(a) A glycerine or bisacodyl suppository may be necessary (one only).

(b) Soften the stool as described.

(c) Sitz baths tid for small children.

(4) If anatomic lesions have been ruled out

(a) Establish a pattern of bowel movement after meals (gastrocolic reflex) or at other times-but at the
same time each day-by sitting the child on the toilet whether or not a bowel movement results.

(b) Be sure that emotional stress and anxiety have been carefully excluded as causes.

(5) If constipation persists and encopresis occurs, further medical and, possibly, psychiatric evaluation
are indicated, and long-term management by the pediatrician is required (see Chap. 11, p. 349).

7. Coryza (upper respiratory infection)
a. General considerations

(1) The symptom of persistent mucous drainage from the nose is most often called a "cold" and is by far
the most frequently encountered illness in pediatric practice.

(2) The iliness is most often caused by a respiratory virus, produces a clear nasal discharge, and, when
uncomplicated, lasts 3 to 5 days and disappears.

(3) Such viral infections may lower local resistance in the nose and throat, which can in turn lead to
secondary bacterial invasion (e.g., otitis, sinusitis, pneumonia).

(4) Coryza can be due to excessively dry air or irritants such as allergens.
b. Management in the infant
(1) Remove mucus with a suction bulb. A 3-0z bulb is most efficient.

(2) Increase the humidity in the environment by using a cold mist humidifier or by placing a pan of water
on the radiator.

(3) Thin nasal mucus with a few drops of saline solution made by dissolving 1 tsp salt in an 8-0z cup of
water. Place two to three drops of the solution into one nostril at a time, wait 2 minutes, and then suction



that nostril. This should be done before meals and before sleep as needed.

(4) If the discharge becomes purulent and is associated with fever, consider secondary infection such as
otitis or sinusitis.

(5) Over-the-counter decongestants contain cardiotonic agents and should not be used in infants under 6
months of age. In any case their value remains unproven. A small amount of pseudoephedrine or
phenylpropanolamine may be useful.

c. Management in the older child
(1) Treat as for the infant, except that gentle nose blowing can also be attempted.

(2) A vasoconstricting nose drop can be prescribed but should not be used chronically because of
“rebound phenomenon," in which vasodilation and further edema of the turbinates can occur with
repeated usage.

(3) Oral decongestants (sympathomimetics) have not been established as effective drugs; however, in
some children they may relieve profuse coryza. The benefits must be weighed against the possible side
effects of irritability and drowsiness. Occasionally, paradoxical hyperactivity may occur. Antihistamines

have no place in treatment of viral coryza but can be useful in allergic rhinitis.

8. Cough

a. General considerations

(1) A cough is a reflex directed at clearing the upper and lower airway of irritating secretions or foreign
material. Many parents have the misconception that cough itself is harmful and must be treated. An

explanation can be offered of the usefulness and protective benefits of coughing in lieu of a prescription.

(2) Only in a few specific conditions (croup, asthma, perhaps foreign bodies, pertussis) do the
characteristics of the cough itself help to make the diagnosis.

b. Management

(1) Treatment should be directed at the underlying cause, for example, infection, allergy, foreign body,
irritants such as cigarette smoke.

(2) Humidification of an otherwise dry environment may be beneficial in enhancing expectoration.
Parents should be asked about their heating system. Steam radiators, electric baseboard heat, forced hot
air, and wood stoves are particularly drying.

(3) One may consider use of a dextromethorphan cough suppressant for the irritative cough that
interferes with sleep. Dextromethorphan is a nonnarcotic analogue that, with adequate dosing, can be
considered equipotent to codeine but without the narcotic side effects.



(4) Expectorants, though thought to increase the flow of respiratory tract secretions, have never been
clinically proven to be more effective in decreasing sputum viscosity or easing expectoration over a
placebo or simply good hydration. Thus, they should not be routinely recommended for pediatric usage.

9. Sleeping habits (see also Chap. 22, p. 551)

a. General considerations. After the first few months of life, sleeping patterns are, in large part, learned
responses. By 3 to 4 months of age, most babies have learned to sleep in an apparently uninterrupted
stretch of 6 to 8 hours, generally at night if their feeding, bathing, and play time are scheduled in the
daytime. By 7 to 12 months, babies should be accustomed to taking their long sleep period at the family's
convenience, nhamely, at night.

b. Management

(1) It is best to remove the baby's crib from the parents' room by 3 to 6 months, so that the periodic
awakening of most young infants at night does not escalate into a prolonged wakeful time.

(2) After 6 to 9 months of age, the baby's waking at night, despite having been fed, tucked in, and
diapered, needs to be handled with a resolute firmness and consistency, so that by experience the baby
learns that there is a quiet time for all members of the family.

(3) If the child cries on being placed in the crib at night after the bedtime routine (and is otherwise
healthy), or awakens crying in the middle of the night as a means of getting attention or food, the parent
should be encouraged to reassure the child with a minimal amount of physical contact (e.g., standing at
the door to the room) or refreshment, or both. The parent should then leave the room and return after
longer and longer intervals. This technique often allows the child to establish his or her own ability to fall
back to sleep without any significant parental intervention.

(4) Nightmares and night terrors (3-4 years of age) are common and need to be handled with
reassurance and gentle comforting in the dimly lit bedroom. Frequent episodes should be investigated
with regard to possible daytime environmental factors that might be precipitating these frightening
nighttime dreams (see also Chap. 22). A child is not apt to remember being afraid in the setting of a night
terror, whereas a nightmare is often remembered with vivid detail. Parents may be frustrated by their
inability to comfort the child with a night terror, but should be reassured that their being there is sufficient
support for the child (who will be less concerned than the parent the following morning). On the other
hand, discussion of the nightmare with the child by the parent can be reassuring for both parties.

(5) The young child should grow up with the firm conviction that he or she is to stay in his or her bed until
morning. This is a safe habit and also allows the parents the privacy and comfort of their own bed and
bedroom. Advise the parents to be firm about not allowing the child to come into the parents' bed. If the
child must be comforted for a special reason, it should be done in his or her own room and bed.

(6) Many children are able to give up their crib by 2 years of age, while some remain in cribs until almost
3. Do not advise parents to make the change too early, because they might be losing a "safe place" for
the child at night. If a bed move is planned due to the arrival of a new sibling, that move should occur
several weeks before or after the arrival of the new baby so as not to convey to the child the sense of



being "evicted" or "displaced" by the new family member.
10. Toilet training

a. General considerations. All normal children will toilet train themselves. Most parents, however, have
difficulty in waiting for this to happen. The parents can help the child achieve this goal and should think of
it in this manner, not that they are actually training the child. Remind parents that there is no earthly way
for them to keep their child from becoming toilet trained, but unfortunately they can do all sorts of things to
delay the process.

b. Management

(1) The best time to start is between 18 months and 3 years of age, which is the time when many
children begin to train themselves. Before this age, they have to learn by association, coincidence, luck,
and fleet parental feet. Children who voice their displeasure with a full diaper and are interested in
watching others in the bathroom are usually ready to begin training.

(2) Bowel control is much simpler for a child to master than control of urination because the former
involves much less complicated muscle coordination and occurs far fewer times during the day. It might
help to put the child on the potty or toilet just after a meal when the gastrocolic reflex occurs.

(3) Urine training should begin when the frequency of urination decreases and the child begins to
awaken dry after a nap, usually around 2 to 3 years of age.

(4) Any child who has been trained and in whom urinary or fecal incontinence then develops should be
evaluated.

11. Self-stimulation

a. General considerations. What parents report as "self-stimulation" usually consists of the normal
self-soothing habits of children that arise in early infancy. Such behaviors appear in two forms.

(1) Rhythmic habits, including rocking, head rolling, and head banging. Appearing in the second half of
the first year, these behaviors usually occur at times of fatigue, sleepiness, or frustration, and serve to
comfort the child.

(2) Genital exploration or manipulation. The extent of this behavior is directly correlated with age. In an
infant or young child, genital manipulation is a manifestation of wholesome curiosity, while in the 3- to
6-year-old, it is an expression of a normal interest in sex. At this stage, genital stimulation should arouse
no concern if the child is outgoing, sociable, and not preoccupied with the activity. Excessive stimulation
usually indicates underlying high-level anxiety or family conflict, or may be a sign of emotional
disturbance. In the latent stage, from 6 years to puberty, such behavior, in general, is suppressed
naturally.

b. Management



(1) Management of concerns regarding rhythmic behavior is directed toward averting injury and reducing
noise. No attempt should be made to discipline or restrain the young child once the behavior has started.

(2) Management of concerns regarding masturbation is directed toward reassuring parents that
masturbation is part of normal development. Parents should be advised that gently inhibiting or distracting
the child is more appropriate than calling attention to the activity. Attempts to suppress the activity,
especially if punitive, can produce potentially damaging psychological sequelae.

B. Common management issues in the school-aged child.

Common management issues in the school-aged child. Issues that frequently arise in elementary school
children include headaches, abdominal pain, enuresis, and encopresis, and school avoidance. The first
two topics are discussed on p. 57; the latter three in Chapter 22.

C. Common management issues in adolescents

1. Headache (see also Chap. 20, p. 521)

a. General considerations. Headache is a common complaint of children and adolescents, and repeated
evaluations may be needed. Associated symptoms and signs that mandate evaluation are vomiting;
hypertension; abnormal neurologic findings, including motor or visual abnormalities; nocturnal or

early-morning awakening; new onset with rapid escalation; and frequent school absences.

(1) Location and pattern of symptoms may suggest sinus infection, dental disorders, or systemic
infection.

(2) Poor vision is a rare cause of headache.

(3) Muscle contraction/tension headaches are commonly felt as "pressure" or aching in the occipital or
frontal area with a band-like sensation.

(4) Migraine headaches are experienced as paroxysmal, throbbing or pounding, unilateral or bifrontal,
temporal, or occipital pain. They are commonly associated with nausea, pallor, and photophobia. Positive
family history and motion sickness are often seen in patients with migraines.

b. Management

(1) A complete history and physical examination with attention to a thorough neurologic examination,
blood pressure measurement, and funduscopic examination are essential for evaluation of headache.

(2) Attempts should be made to uncover any conflict or stress in an adolescent's life that may exacerbate
headaches. Having the patient complete a pain diary for a few weeks to document severity and
occurrence of headaches may be helpful.

(3) Treatment for adolescents with normal neurologic examinations includes acetaminophen,
nonsteroidal anti-inflammatory medications (ibuprofen, naproxen), biofeedback, and butalbital



compounds (Fioricet or Esgic) or ergotamine compounds for episodic migraines in nonpregnant patients.
Frequent follow-up with a primary care provider may assist a teenager in a stressful situation. Chronic
prophylactic therapy for individuals is discussed in Chapter 20, p. 522.

2. Abdominal pain

a. General considerations. Adolescents often complain of diffuse, intermittent abdominal pain and a clear
etiology is often not found. Chronic right upper quadrant or pelvic pain is more likely to be pathologic.
Repeated follow-up may be needed to fully evaluate the problem.

(1) Signs and symptoms that may indicate increased seriousness include weight loss, vomiting, diarrhea,
visible and microscopic blood in the stool, sexual activity, and school absenteeism.

(2) Differential diagnosis of chronic abdominal pain may include constipation, lactose intolerance,
functional bowel problems, menstrual cramps, episodic mittelschmerz, pregnancy, inflammatory bowel
disease, pelvic inflammatory disease (PID), other gynecologic disorders (see Chap. 14, pp. 418-25), and
occasionally eating disorders or possible abuse history.

(3) Adolescents can be vague historians and a written record by the patient of pain location and quality,
and missed activities, can be helpful.

b. Management

(1) A complete history and physical examination including a rectal exam for blood in the stool can help to
assess the seriousness of the complaint. If a rectal exam is needed in a female, a bimanual
rectoabdominal examination in lithotomy position can also be performed to assess uterine and ovarian
tenderness.

(2) Laboratory tests, such as CBC, differential, erythrocyte sedimentation rate (ESR), stool for culture
and ova and parasites, sickle cell screen, liver function tests, urinalysis, amylase, and urine pregnancy

test, should be tailored to the findings during history and physical examination.

(3) All sexually active adolescents with significant abdominal pain should have a pregnancy test and a
pelvic examination to screen for STDs and PID.

(4) Constipation can be treated by encouraging fluids, increasing fiber in the diet, and establishing more
regular bowel habits (often problematic in busy teens). Brief courses of mild stool softeners and laxatives

may be effective for the initial management of constipation.

(5) Lactose intolerance is very common in the adolescent population and adjustment in diet to remove
lactose-containing foods can be effective in eliminating pain.

3. Fatigue

a. General considerations



(1) Fatigue can indicate a variation of normal adolescent development or school phobia, insufficient sleep
or disordered sleep schedule, anemia, depression, pregnancy, chronic infection, collagen vascular
disease, or, very rarely, hematologic-oncologic etiologies. The ability of the adolescent to accomplish
daily and weekend activities is a good test of severity of fatigue. Fatigue is a very common complaint in
the growing teenager who is pulled in many directions by school, family, and peers.

(2) Chronic fatigue syndrome is a recently identified syndrome that includes more than 6 months of
debilitating fatigue after an identifiable illness. Specific criterion have been developed (GP Holmes et al.
Chronic fatigue syndrome: A working case definition. Ann Intern Med 108:387-389, 1988).

b. Management

(1) A complete history and physical examination including sleep patterns and environmental stressors
are necessary for evaluation of fatigue.

(2) Tests such as CBC, differential, electrolytes, urinalysis, monospot, ESR, pregnancy, liver function,
chest x-ray, antinuclear antibody (ANA), Lyme titers, and human immunodeficiency virus (HIV) may be
needed to screen for various medical causes of fatigue and reduce the likelihood of serious etiologies.
These tests should be carefully tailored to the history and physical examination or performed when
symptoms of fatigue are severe and the etiology is unclear.

(3) Formal psychological screening for depression and school problems should be done in adolescents
with debilitating fatigue.

(4) For those who suffer from chronic fatigue syndrome, multivitamins with iron, routine sleep-wake
cycles with no napping, and daily exercises can sometimes improve symptoms.

(5) For severe symptoms, nonsteroidal anti-inflammatory drugs for pain and low-dose amitriptyline or
other antidepressants can be useful in chronic fatigue syndrome, as can psychotherapy, biofeedback,
and physical therapy.

4. Dysuria

a. General considerations

(1) Females: Dysuria in adolescents may indicate a gynecologic etiology or a urinary tract infection.
Common causes of dysuria include STDs (gonorrhea, chlamydia, herpes), vaginitis (Candida,

Trichomonas, bacterial vaginosis), urinary tract infections, and pregnancy.

(2) Males: Common causes include STDs. Urinary tract infections (UTIs) are extremely rare in males
without a prior history of anatomic anomalies.

b. Management

(1) Females: A full history including sexual history is necessary.



(a) Nonsexually active teenagers should have a urinalysis, a urine culture, and an inspection of the vulva.
Wet preps can be done with cotton swabs inserted into the vagina to rule out Candida.

(b) All sexually active females with dysuria that is not otherwise accompanied by hematuria, frequency
and urgency, pyuria, or history of recurrent UTIs (Chap. 5, p. 121) should have a pelvic examination,
including screening for STDs and wet preps. A pregnancy test, urinalysis, and urine culture should be
performed. Positive urinary leukocytes and nitrates may indicate UTI while a friable cervix or purulent
discharge on pelvic examination may indicate STD. A bimanual examination to assess uterine and
adnexal tenderness and cervical motion tenderness can aid in the diagnosis of PID (Chap. 14, p. 129).
Optimally, adolescents should be treated on the same day of the visit for dysuria (without abdominal pain)
for suspected organisms to prevent progression to PID or pyelonephritis and return for reevaluation
depending on culture results.

(2) Males: A careful history, including sexual activity, symptoms, and exposure to STDs, is necessary.
Urinalyses showing leukocyte esterase on the first-catch urine (first 10-15 ml) is highly suggestive of an
STD in sexually active males. Males can be screened for gonorrhea by placing a sample of unspun urine,
urine sediment, urethral discharge, or urethral swab on Thayer-Martin agar. Screening for chlamydia can
be performed by obtaining a urethral swab for culture or rapid test, although urine screening using
polymerase chain reaction (PCR) or ligase chain reaction (LCR) for chlamydia looks promising. Most
sexually active males with dysuria or pyuria, or both, should be treated at the first visit for at least
presumptive chlamydia (p. 129). If facilities are available, a Gram's stain of urinary sediment or penile
discharge to look for gram-negative intracellular diplococci (gonorrhea) can be helpful to direct the
treatment (p. 128).

5. Television
a. General considerations

(1) The physician should include questions about the television habits of patients and their families in the
general checkup.

(2) There is some evidence that watching violent scenes produces aggressive behavior in young people.
(3) Television advertisements may encourage conflict and confrontation between parent and child.

(4) Excessive television watching (>5 hours/day) is associated with obesity and decreased reading skill.
b. Management

(1) Parents should be encouraged to set limits on television viewing by their children and should monitor
their own viewing habits.

(2) Excessive television viewing is potentially a mental and physical health hazard and can significantly
compromise the child's functioning in school and in the social sphere. As for any health hazard, the key is
prevention.



(3) Guidelines for television viewing can be obtained from the San Francisco Committee on Children's
Television, Inc.; the American Academy of Pediatrics; or Action for Children's Television, Newton,
Massachusetts.

(4) Decreasing television viewing to 2 hours or less per day is recommended.

6. Cigarettes

a. General considerations

(1) The pediatrician can influence behavior patterns and growth through repeated encounters with the
child, and early and repeated discussions of drug issues, including cigarette smoking, may influence
future usage patterns.

(2) Areas to be emphasized are the immediate bad effects of smoking. Discussion of the concrete
negative effects, such as smell of clothing, discoloration of teeth, bad breath, and effect on exercise
tolerance, associated with smoke is especially helpful in encouraging cessation in the teen population.

b. Management

(1) Physicians and nurses can obviously act as examples by not smoking and by not permitting smoking
in their offices.

(2) Encourage abstaining from cigarettes.

(3) Encourage cessation in teenagers who have already started smoking by urging them to choose a quit
date or to at least consider decreasing the quantity of cigarettes smoked.

(4) In heavy smokers (>1 pack/day), nicotine gum and nicotine patches can be helpful in avoiding
withdrawal symptoms, although these methods should be used judiciously in the adolescent population,
who may smoke while using the patch.

7. Other common management issues that should be included at adolescent visits include:

a. Depression/suicide. See Chap. 7, p. 245.

b. Drug and alcohol abuse. See Chap. 22, p. 557.

c. Sexuality. See Chap. 14, p. 425; Chap. 22, p. 556.

4 Fluid and
Electrolytes Top



John T. Herrin

I. General principles
A. Renal function.

Renal function. The glomerular filtration rate (GFR) is low in infants and reaches an adult value at age 1
to 2 years. Other functions are similarly depressed (Table 4-1Table 4-1).

B. Fluid and volume physiology.

Fluid and volume physiology. At birth, total body water (TBW) constitutes 75 to 80% of the infant's weight
and falls to 60% in childhood (see p. 64). There is rapid diuresis of 7% of TBW over the first few days of
life.

1. Body fluids. Total body water comprises two major compartments.

a. Extracellular fluid (ECF) constitutes 35 to 45% of body weight in infants and 20% in adults (15%
interstitial and 5% intravascular).

b. Intracellular fluid (ICF) constitutes 40% of body weight in both infants and adults.

2. Regulatory mechanisms independently control water and sodium balance to preserve osmolality and
circulating volume.

a. The kidney regulates water balance, osmolality, and the distribution of body water.

b. Principles

(1) Tonicity (osmolality) is conserved in preference to volume.

(2) The kidneys provide better protection against dilution of body fluids than against dehydration.
(3) Extracellular fluid volume is controlled by sodium.

c. Osmolality is the number of osmotically active particles per 1,000 g water in a solution (units =
mOsm/kg).

(1) Extracellular fluid osmolality is higher than that of the ICF because of the contribution by plasma
proteins.

(2) Water flux follows ionic flux to equalize fluid concentrations.



(3) Approximate osmolality can be calculated:
Osmolality = 2(Na+) + BUN/2.8 + glucose/18

Solute excretion depends on the concentrating ability of the kidney. Maximal urine osmolality ranges from
1,200 mOsm/kg in the healthy child (600-700 mOsm/kg in the healthy infant), down to 300 mOsm/kg in
the diseased kidney.

d. Volume is regulated by numerous factors. Because the body's sodium content determines ECF
distribution, maintenance of total body sodium is essential to volume regulation. Angiotensin Il causes
peripheral vasoconstriction and enhanced sodium reclamation by the proximal tubule. Aldosterone
enhances active transport of sodium, which brings about passive water transfer, thereby restoring ECF
volume. In addition, antidiuretic hormone (ADH) release augments water retention. Atrial-natriuretic factor
increases sodium and water excretion.

e. "Third-space" accumulations trap fluids and electrolytes outside their normal boundaries, thus
decreasing effective circulating volume.

C. Electrolyte physiology

1. Sodium (Na+). 1 mEq = 23 mg; 1 g = 43.5 mEq; plasma concentration = 135-140 mEg/liter. Note: 1 g
salt (NaCl) = 18 mEq Na+.

a. Na+ is the principal volume regulator. Normally, Na+ accounts for 90% of extracellular cationic
osmolality.

b. Although Na+ is principally distributed in the ECF, the true Na+ space is the TBW.

c. Measurement of Na+ by flame photometer is artifactually depressed in hyperlipemic and
hyperglycemic states. Rule of thumb: Na+ is depressed 5 mEg/liter for every 200 mg/dl glucose
concentration above 100 mg/dl.

d. Requirements for Na+ vary. A typical daily requirement is 40 to 60 mEg/m2 or 1 to 3 mEq/dl water
requirement.

e. In the newborn, the Na+ and volume regulatory mechanisms are qualitatively similar to those of adults
but quantitatively limited. Net excretion is limited by a relative concentrating defect (maximal urine
osmolality approximately 600-700 mOsm/liter). Therefore, obligatory solute loads require extra free water
for their elimination.

2. Potassium (K+). 1 mEqg = 39.1 mg; 1 g = 25.6 mEq; plasma concentration = 3.4-5.5 mEq/liter (may be
higher in neonates).

a. K+ is the principal cation of the ICF and contributes to the maintenance of intracellular tonicity and the
cell membrane resting potential. The ICF contains 98% of the body K+.



b. The proportion of K+ in the ECF is controlled by multiple factors. Measurement of serum K+ provides
only an indirect assessment of total body K+ stores and may be misleading. No practical estimate of K+
space can be given for therapeutic replacement purposes.

c. A typical daily K+ requirement is 30-40 mEq/m2/24 hr or 1 to 3 mEg/dl fluid. There is an obligatory K+
loss via the urine since the tubular resorption generally cannot lower UK+ below 10 mEq/liter.

d. A maximal intravenous dose of K+ is 1 mEg/kg/hr, preferably administered into a large vein via
intravenous pump. Intravenous administration of K+ in concentrations greater than 40 mEg/liter often
leads to phlebitis.

e. The danger of an abnormal serum K+ is exacerbated by change in serum calcium in the opposite
direction.

f. Hypokalemia occurring with renal tubular defects, starvation, chronic diarrhea or vomiting, diabetic
ketoacidosis, hyperaldosteronism, chronic use of diuretics, or inadequate long-term IV replacement is
usually accompanied by chloride depletion with metabolic alkalosis.

(1) Symptoms include muscle weakness, cramps, paralytic ileus, decreased reflexes, lethargy, and
confusion.

(2) Acid urine in the presence of metabolic alkalosis (paradoxical aciduria) also indicates K+ depletion.
Hypokalemic metabolic alkalosis is usually accompanied by a K+ deficit of at least 4 to 5 mEq/kg.

(3) Cardiac effects indicated by ECG are a low-voltage T wave, the presence of a U wave, and a
prolonged Q-T interval.

(4) Chronic exposure to low potassium damages the kidney's concentrating ability, thus producing a
vasopressin-resistant diabetes insipidus.

g. Hyperkalemia occurs with renal failure, hemolysis, tissue necrosis, mineralocorticoid
deficiency-Addison's disease, congenital adrenocortical hyperplasia, use of potassium-sparing diuretics,
angiotensin converting enzyme (ACE) inhibitor therapy, overdose of K+ supplements, or inap- propriate
use of salt substitutes.

(1) Hypocalcemia, hyponatremia, acidosis, insulin deficiency, and beta-blocker therapy all exacerbate the
toxicity of hyperkalemia.

(2) The toxic effects are mainly cardiac. ECG changes include peaked T wave, increased P-R interval
and widened QRS, depressed S-T segment, and atrioventricular or intraventricular heart block. As serum
K+rises beyond 7.5 mEg/liter, there is grave danger of heart block, ventricular tachycardia, and
ventricular fibrillation.

3. Chloride (Cl-). 1 mEq = 35.5mg; 1 g = 28 mEq; 1 g NaCl = 18 mEq Cl-; plasma concentration =
99-105 mEq/liter.



a. Cl- is the principal anion of both intravascular fluid and gastric fluid.

b. Abnormal losses occur with vomiting, diuretic therapy, and cystic fibrosis, and tend to lead to
metabolic alkalosis.

c. Paradoxical aciduria occurs in the face of Cl- depletion with dehydration. In the absence of Cl-, HCO3-
is reabsorbed with Na+. In addition, the accompanying secondary hyperaldosteronism causes the distal
tubular secretion of H+, resulting in an acid urine. This cycle of events can only be interrupted by the
replacement of Cl-.

4. Calcium (Ca2+). 1 mEq = 20 mg; 1 g = 50 mEq; plasma concentration = 9.5-10.5 mg/dl or 4.7-5.2
mEq/liter except in the newborn and premature infant.

a. Free ionized Ca2+ constitutes about 47% of total serum calcium. Approximately 40% of total serum
calcium is bound to serum proteins and 80 to 90% of this calcium is bound to albumin. The calcium space
is approximately 25% of body weight.

b. A change in serum albumin of 1 g/dl changes serum Ca2+ concentration, in the same direction, by 0.8
mg/dl.

c. Acidosis increases ionized Ca2+, whereas alkalosis decreases it.

d. Hypocalcemia is most commonly seen in rickets, renal insufficiency, and the hypoalbuminemic states
of liver disease or nephrosis, and in the neonate who is fed cow's milk formulas.

Drugs that cause hypocalcemia include furosemide, glucagon, calcitonin, mithramycin, bicarbonate, and
corticosteroids. Exchange transfusion with acid citrate-preserved blood can produce hypocalcemia (see
Chap. 15, p. 457). Other conditions that produce lowered calcium are discussed in Chap. 13, p. 400.

(1) Symptoms of depressed ionized Ca2+ include Chvostek's and Trousseau's signs, carpopedal spasm,
and, occasionally, mental confusion. Neonates commonly become jittery and may have seizures with
tetany of the newborn (see Chap. 6, p. 202).

(2) The ECG shows prolongation of the Q-T interval relative to the rate.

(3) Treatment of hypocalcemia includes IV and PO administration of Ca2+. An IV bolus of Ca2+, 10
mg/kg over 10 to 20 minutes, will transiently (for about 1 hour) raise the serum Ca2+ level in an
emergency. Supplemental Ca2+, 20 to 40 mg/kg/day IV, or oral supplements, 60 to 100 mg/kg/day, of
elemental Ca2+ should be provided. Continuous IV administration is hazardous (cardiac arrhythmias,
phlebitis, subcutaneous calcifications) and should be reserved for critical situations.

e. Hypercalcemia is seen with vitamin D intoxication, sarcoidosis, cancer, immobilization, thyroid
disease, Addison's disease, hypophosphatasia, hyperparathyroidism, and the milk-alkali syndrome in
those taking antacids. Symptoms of excess Ca2+ include nausea, anorexia, vomiting, constipation,
polyuria, dehydration, mental confusion, and eventually coma. Chronic elevation of Ca2+ can lead to
nephrocalcinosis, extraskeletal calcification, and renal calculi.



D. Acid-base physiology

1. General principles. Blood pH is maintained by blood buffering, changes in ventilation, and renal
compensatory mechanisms. Children ingest 1 to 2 mEqg/kg/day (2-4 mEQ/100 calories) "fixed" acid in their
diet. Further acid is produced as a by-product of bone formation. Blood chemical buffers and increased
elimination of carbon dioxide immediately compensate for this acid, while the kidney maintains long-term
pH homeostasis.

a. Blood buffers include erythrocyte hemoglobin, organic and inorganic phosphates, carbonate, and
bicarbonate. About half the buffering capacity derives from bicarbonate and roughly one third from
hemoglobin.

b. Ventilation normally eliminates thousands of milliequivalents of carbon dioxide per day. This prevents
the accumulation of the weak acid, H2CO3, formed when carbon dioxide remains dissolved in plasma.

c. The kidneys regulate the systemic levels of HCO3 by means of recovery of filtered HCO3 and
generation of "new" HCOS3 by the process of net acid excretion.

2. Determination of acid-base status requires measurement of blood pH and bicarbonate. Bicarbonate,
total carbon dioxide content, and CO2 combining power provide the same basic information. Total carbon
dioxide (TCO2) is 1 to 2 mEg/liter lower than combining power.

3. Laboratory values. Ideally, arterial samples are obtained for the diagnosis of significant acid-base
disturbances. Normal values for arterial and venous blood are given in Table 4-2Table 4-2.

4. Acid-base abnormalities. By convention, acid-base disorders are divided by serum pH into acidosis or
alkalosis, then further subdivided into the following categories (Fig. 4-1): respiratory versus metabolic,
acute versus chronic, simple versus mixed, and pure versus compensated. In pure imbalances of pH, the
disequilibrium results from a deviation of either PCO2 (respiratory) or HCO3- (metabolic) from the norm.

Fig. 4-1. Acid-base nomogram.

These situations prevail only for brief periods before compensatory mechanisms occur. Compensation is
rarely sufficient to offset the primary disturbance completely, and the condition is usually only partially
corrected, so that the patient has a compensated acid-base disorder (Table 4-3Table 4-3).

a. Respiratory acidosis results from retention of carbon dioxide and a consequent increase in H2CO3.
Normally, a rise in PCO2 stimulates a ventilatory effort to eliminate the hypercapnia. In the acute phase of
respiratory acidosis, pH falls rapidly as PCO2 exceeds 50 mm Hg (see Chap. 7). When hypercapnia is
sustained, renal compensation leads to an increase in plasma bicarbonate. Net acid excretion is
increased. Tubular resorption of bicarbonate increases while that for chloride decreases. The kidney can
raise bicarbonate to 40 mEq/liter or more to compensate for hypercapnia. Plasma bicarbonate increases
by about 0.3 mEq/liter for each 1 mm increase in arterial carbon dioxide tension (PaCO2). Usually,
neonates are incapable of this adaptation and will remain severely acidotic with respiratory distress
syndrome.



b. Respiratory alkalosis occurs in patients who are managed with mechanical ventilators, in the early
phase of salicylate intoxication, in hepatic failure or metabolic disease resulting in hyperammonemia or
lactic acidosis, in anxious or hysterical states, and in hypermetabolic states. Rapid correction of metabolic
acidosis can also result in respiratory alkalosis, since correction of the pH in the cerebrospinal fluid lags
behind the ECF, and continuing CNS acidosis stimulates the medullary ventilatory drive.

(1) Acute respiratory alkalosis can precipitate tetany (see p. 65) and causes a feeling of lightheadedness.
(2) Laboratory diagnosis rests on the triad of decreased PCO2, elevated pH, and normal bicarbonate.

(3) Hypocapnia alkalinizes body fluids and elicits a prompt but modest reduction in plasma HCO-3
secondary to titration of HCO3 buffer. This is followed by a net decrease in renal acid excretion,
decreased tubular HCO-3 resorption, and enhanced tubular chloride reabsorption. Plasma bicarbonate
decreases by about 0.4 to 0.5 mEg/liter for each 1 mm decrease in PaCO2. Urinary loss of HCO3 results
in simultaneous loss of sodium and contraction of the ECF volume.

c. Metabolic acidosis results from an increased acid burden; renal defects in the secretion of H+; and
loss of extracellular HCO3. In these situations bicarbonate and other blood buffers are consumed and
TCO2 falls.

(1) The anion gap is an estimation of anionic substances that are not measured by the usual laboratory
techniques. The anion gap is the difference between the serum cations (Na+) and anions (CI- and
HCO3-). It normally is approximately 12 mEg/liter, but is somewhat higher in newborn infants. Increases
in the anion gap occur when the fall in plasma bicarbonate is balanced by a rise in an anion that is not
commonly measured (increased anion gap acidosis).

(2) In response to the acidemic stress, both the kidney and lung undertake corrective measures. There is
a prompt increase in ventilation, and PCO2 falls. Urinary acidification maximizes over a few days.

(3) In children, chronic metabolic acidosis most commonly can be traced to a kidney abnormality, either
parenchymal disease, obstruction, or a tubular disorder, or to a metabolic disorder such as an organic
acidemia. Growth failure invariably accompanies chronic acidemia.

d. Metabolic alkalosis is a disorder characterized by elevated plasma bicarbonate and decreased
concentrations of proton and chloride in the ECF. Metabolic alkalosis usually occurs as part of a
generalized derangement in fluid and electrolytes. Although the list of possible etiologies is long, the
cause of metabolic alkalosis in the majority of affected children is loss of acid from the gastrointestinal
tract.

(1) In acute alkalosis, K+ moves from the ECF to the ICF to help maintain electroneutrality in the face of
H+ ion depletion. Although serum K+ may then be low, total body K+ remains normal.

(2) Paradoxical aciduria may coexist with systemic alkalosis when hypokalemia or hypovolemia is
present.



e. Mixed disorders of acid-base homeostasis result from concurrent disturbances in both respiratory and
renal function (Fig. 4-1). Because the shaded areas in Fig. 4-1 represent the 95% confidence bands for
each disturbance (including the normal compensatory response), any combination of values of PCO2 and
HCO3- that falls outside these areas represents a mixed disturbance.

f. As a rule, compensatory mechanisms modify the acid-base disturbances as shown in Table 4-3 Table
4-3 to the following degree:

(1) Metabolic acidosis: PCO2 = 1.0-1.5 " fall of HCO3-.

(2) Metabolic alkalosis: PCO2 - 0.5-1.0 " rise of HCO-3.

(3) Acute respiratory acidosis: HCO3- - to maximum 30 mEq/liter.

(4) Chronic respiratory acidosis: HCO3- - to 4 mEg/liter/10 mm PCO2.

(5) Acute respiratory alkalosis: HCO3- 2.5 mEqg/liter/10 mm, ~ PCO2 (to minimum 18 mEg/liter).

(6) Chronic respiratory alkalosis: HCO3- ~ to 15 mEq/liter.

II. Maintenance of normal fluid and electrolyte balance

A. Estimation of fluid requirements

1. Rationale. Maintenance fluid requirement is the amount of extrinsic fluid required to balance
insensible, fecal, and urinary losses. There are several methods of estimating average maintenance fluid
requirements; actual maintenance requirements may vary considerably from the usual estimations
because of unusual circumstances (see sec. 3 below and Table 4-4Table 4-4).

2. Components of maintenance fluid requirements

a. Insensible losses account for about 50% of the total fluid lost per day distributed as

(1) Respiratory = 15%.

(2) Skin (not sweat) = 30%.

(3) Feces = 5%.

b. Urine losses account for the other 50% of fluid loss.

c. Intrinsic fluid sources. Water of oxidation is water produced as a by-product of normal metabolism; it
can replace about 15% of the usual fluid losses.



3. Methods of estimating maintenance fluids

a. Surface area. Levels of renal function and body fluid requirements correlate best with body surface
area (BSA). This system works well for children who weigh more than 10 kg. The normal water
requirement is about 1,500 ml/m2/24 hr (Table 4-5Table 4-5).

b. Calories expended. This method computes daily water requirements from metabolic expenditure.
Figure 4-2 depicts energy use as a function of weight. One allows 100 to 150 ml/24°/100 calories
metabolized.

Fig. 4-2. Comparison of energy expenditure in basal and ideal state. (Reproduced with permission from
WESegar. Parenteral fluid therapy. Curr Probl Pediatr 3:4, 1972. Copyright (c) 1972 by Year Book
Medical Publishers, Inc., Chicago.)

c. Body weight. General rule is

100 ml/kg/24° for the first 10 kg body weight

50 ml/kg/24° for the next 10 kg body weight

20 ml/kg/24° for each kg above 20 kg

d. Changes in normal maintenance requirements are affected by several conditions, shown in Table
4-4Table 4-4.

4. The fluid needs of the newborn (see Chap. 6).
B. Estimation of electrolyte requirements.
Estimation of electrolyte requirements. Na+, K+, Cl-, and HCO3- requirements vary significantly because
of the kidney's ability to conserve them in depletion states or to excrete any excess. General guidelines to
Na+ and K+ daily maintenance requirements calculated by three methods follow. Adjustment should be
made for continuing abnormal losses (see Tables 4-7 Tables 4-7 and 4-84-8).

Na+ K+
BSA 20-50 mEg Na+/m2 BSA 20-50 mEq K+/m2
Caloric 2-4 mEq Na+/100 calories 2-3 mEq K+/100 calories
requirement

General method 2-4 mEqg Na+/dl fluid 2-4 mEq K+/dl fluid

(body weight)



lll. Assessment of abnormalities of fluid and electrolyte balance
A. General comments

1. The most useful way to consider dehydration is based on the amount of Na+ and K+ lost in relation to
water. Dehydration states are thus considered as isotonic (isonatremic), hypotonic (hyponatremic), and
hypertonic (hypernatremic).

a. Hypotonic. Na+ <125 mEg/liter; ECF depletion with relative sparing of intracellular contents; hence,
early vascular compromise.

b. Isotonic. Na+ = 130-150 mEg/liter; balanced loss of water and ions.

c. Hypertonic. Na+ >150 mEqg/liter; ICF depletion; allows more chronic dehydration; the vascular space is
relatively protected.

2. The best indicator of short-term quantitative fluid loss is change in body weight. Table 4-6 Table 4-6
presents a rough clinical estimate of degree of dehydration.

3. Initial assessment of dehydration

a. History. Urine output, weight change, infectious disease contacts, and estimate of stooling or vomiting
frequency. Dietary history is important because excretion of renal solute load may aggravate dehydration
by causing obligatory urinary free-water loss. The solute stress of a given feeding is different from the
formula's measured osmotic load. Because infants cannot effectively concentrate urine much beyond 600
mOsm/kg, cow's milk causes free-water losses three times greater than those of human milk, while boiled
skim milk imposes a fourfold free-water loss.

b. Clinical. Urine output, skin turgor, mucous membrane moisture, eye turgor, fullness of fontanel, and
mental state.

c. Laboratory. Weight, serum and urine Na+, K+, Cl-, pH, TCO2, BUN, creatinine, osmolality, glucose,
and calcium; urinalysis.

4. Urinalysis is particularly important. Despite a lack of absolute normal values for electrolyte, osmolality,
and pH in the urine, there are expected values depending on the clinical situation. The specific gravity in
dehydration will be well above 1.015 unless intrinsic renal disease is present. An active sediment signals
underlying primary renal disease. Alkaline urine during dehydration or an increased urinary anion gap
should raise the question of renal tubular acidosis.

5. Water and electrolyte losses. Estimates of deficits in moderate to severe dehydration are given in
Table 4-7Table 4-7.

B. Assessment of Na+ and K+ losses



1. General. There is no practical means of assessing true K+ loss (see p. 64). Nonetheless, one can
assume in most instances that K+ losses are equivalent to Na+ losses.

2. Estimations of Na+ and K+ deficits in a child who appears severely dehydrated and in whom the
serum Na+ is known can be made using Table 4-7Table 4-7.

3. The total body Na+ deficit (TBNad+) is the difference between the normal total body Na+(TBNan+)
and the current (dehydrated) total body Na+(TBNac+).

TBNad+ = TBNan+ - TBNac+

Thus,

TBNad+ = (TBW " 135) - [(TBW - FL) "~ Nac+] or
TBNad+ = TBW(135 - Nac+) + FL(NAc+)

where TBW = 0.6 ~ normal weight, FL = the fluid loss (or equivalent of weight change), and Nac+ = the
current serum sodium concentration (mEg/liter).

C. Ongoing losses

1. General. Ongoing losses are abnormal losses of fluids or electrolytes, or both, that occur while the
patient is under observation.

2. Estimation of ongoing losses

a. Fluid. Abnormal losses (nasogastric suction, surgical drainage, fistula drainage, vomitus) usually can
be measured directly.

(1) In the absence of direct measurement, weight changes can be used to determine fluid losses. Daily
changes in weight reflect losses or gains of TBW.

(2) Patients receiving maintenance fluids and calories should remain at a constant weight.

(3) Patients receiving maintenance fluids, but insufficient calories, should lose about 0.5% of their weight
per day.

(4) Newborn infants should lose weight over the first 3 to 5 days of life and subsequently gain weight
consistent with the usual growth curves (approximately 30 g/day for full-term infants) if given sufficient
nutrition.

b. Electrolytes

(1) The electrolyte content of abnormal body fluid losses frequently can be measured directly. This is



particularly important for abnormal urine losses, since the composition can vary widely.

(2) The usual composition of body fluids is shown in Table 4-8Table 4-8.

(3) The gastric Na+ content will vary directly with the pH of gastric fluid. Above pH 2.0 (H+ = 0.01 molar
or 10 mEg/liter), the Na+ content of the gastric fluid may be 100 mEq/liter or higher. If gastric fluid losses
are large, direct measurement of electrolyte concentrations is mandatory for accurate replacement.

3. Strategy for replacement of ongoing losses

a. Ongoing losses of fluids and electrolyte are measured or calculated over fixed time periods and
replaced evenly over an equivalent period of time. If there are large ongoing losses, these periods should
be short (e.g., every half hour or hour). If losses are small, daily adjustment is sufficient. As a rule of
thumb, monitor serum electrolyte changes after replacement volume is equal to 0.5 blood volume
(approximately 25 ml/kg).

b. Patients without deficits at the initiation of therapy

(1) The therapy is designed to provide maintenance fluid and electrolytes and to replace the ongoing
losses.

(2) If there are unusual urine losses or if the urine output is erratic, therapy is designed to provide
insensible fluid losses plus urine and ongoing losses.

c. Patients who are dehydrated at the initiation of therapy (e.g., vomiting or diarrhea)

(1) The measured or estimated ongoing losses are added to the calculated replacement of maintenance
and deficit fluid and electrolytes. Adjustments should be made frequently. Urine losses are ignored, since
they are accounted for in the maintenance calculations.

(2) It is important not to recalculate the overall deficits in rehydrating a dehydrated patient with ongoing

losses; this usually leads to an underestimation of true deficits. Add ongoing losses to previously
estimated deficits.

IV. Correction of abnormalities of fluid and electrolyte balance
A. Acute fluid management and resuscitation

1. General concepts (see also Chap. 7)

a. Weigh the patient.

b. If shock is present, or if no urine is produced in the first half hour, give 20 to 30 ml/kg Ringer's lactate
or normal saline with 5% dextrose (D5NS) or 5% albumin 1V as a bolus and repeat if adequate circulation



is not established.

c. After the first hour, give 10 ml/kg/hr Ringer's lactate or D5NS until shock is alleviated and actual fluid
and electrolyte deficits can be accurately calculated.

d. If the patient is asymptomatic and/or dehydration is hyponatremic or isotonic, one half the fluids
calculated for 24 hours should be administered in the first 8 hours. The other half should be given in the
remaining 16 hours.

e. If hypertonic dehydration is present with shock, reestablish circulation and urine flow, then correct the
remaining deficit slowly and evenly over 48 hours.

f. With fever add 12% of the maintenance amount per degrees centigrade (see Table 4-4Table 4-4).
g. In most situations, do not add K+ to the IV solutions until after urine flow is established.

h. In diabetic ketoacidosis, however, K+ can be added to the initial solution, since rapid correction of
dehydration, acidosis, and hyperglycemia can precipitate severe hypoglycemia and hypokalemia (see
Chap. 13, p. 411).

i. Adequacy of therapy is indicated by adequate urine output, normal circulation, and restoration of
weight.

2. Management of dehydration states
a. Hypotonic dehydration

(1) Clinically, infants present soon after the onset of illness because symptoms become apparent early.
For a given weight loss, the clinical signs are more marked than in isotonic or hypertonic dehydration.
Thus, estimates of weight loss should follow a 3, 6, 9% rule of thumb for mild, moderate, and severe,
respectively. Vascular collapse can occur early.

(2) General principles of treatment. Because loss is mainly ECF, replacement therapy can advance
rapidly, with volume and Na+ restored by the end of 24 to 36 hours (see sec. A.1 above).

b. Symptomatic hyponatremia. Regardless of the cause, whether Na+ loss or water excess, therapy is
directed at raising the Na+ concentration quickly, to correct symptoms.

(1) Use hypertonic saline (3% = 513 mEq Na-+/liter) to deliver approximately 5 mEq/kg/hr. Calculation of
the approximate Na+ deficit is given in sec. I11.B.3.

(2) Following acute correction, the patient's acidosis may worsen. Sodium bicarbonate (1 mEg/ml) can
be mixed with the hypertonic saline to supply some of the Na+ dose while also providing bicarbonate as
the anion when severe acidosis is initially present or if acidosis persists on restoration of circulating
volume.



c. The therapy of asymptomatic hyponatremia requires gradual correction. K+ deficit and acidosis both
require specific therapy for correction.

d. Isotonic dehydration

(1) For a given weight loss, symptoms will be less dramatic than for hypotonic dehydration-assume a
weight loss of 5, 10, or 15% for clinical estimation of mild, moderate, and severe involvement,
respectively.

(2) Treatment is similar to that for hypotonic dehydration (see sec. A.2.a.(2) above). The solutions used
are hypotonic, but since the normal kidney needs only 1/4 N solution for true maintenance, these 1/2 N
solutions provide sufficient solute even for correction of isotonic losses.

e. Hypertonic dehydration results when inappropriately high solute loads are given as replacement fluid,
or when a renal concentrating defect produces a large free-water loss. Usually, sodium represents the
principal excess solute.

(1) The clinical signs of dehydration in these infants can be deceptive.

(a) Skin turgor does not exhibit the usual tenting of advanced dehydration, but has a thick, doughy
consistency. Eyeball turgor, however, is decreased as in dehydration of other causes.

(b) Other findings include a shrill cry or mewing sound, muscle weakness, tachypnea, and intense thirst
in toddlers.

(c) In assessing these infants, be sure to check serum glucose and calcium, since hyperglycemia is
present in half the patients, and calcium deficiency has been noted in 10%.

(d) Shock is a late manifestation. When it supervenes, one can be certain that fluid loss exceeds 10% of
body weight.

(2) Treatment. The total fluid deficit must be replaced slowly over 48 hours or more, dropping serum Na+
by 10 mEqg/liter/day. Rapid correction floods the intracellular space with fluid, leading to cerebral (and
sometimes pulmonary) edema. In general, the more dilute the solution being used to correct the deficit,
the slower it should be infused.

(a) If shock is present, infuse 20 ml/kg lactated Ringer's solution, 5% albumin in lactated Ringer's
solution, or 0.9% saline over 20 to 30 minutes.

(b) First hour. The goal is to reestablish satisfactory circulation and urine flow. Give 10 to 20 mg/kg
Ringer's lactate to reduce the ClI- load in favor of lactate (alkali).

(c) Over the next 4 hours, the goal is to reestablish urine output to allow steady and controlled correction
of the fluid deficit and steadily reduce the serum Na+ and serum osmolality. There is no best regimen.

(i) The rate of IV infusion is determined by the tonicity of the solution; that is, isotonic solutions can be



infused more rapidly.
(i) Infuse 10 mg/kg/hr of 5% dextrose in Ringer's lactate. Ringer's lactate, or a mixture of 2% dextrose
and 1/2 N saline to which is added 1/4 N bicarbonate (17 ml of 8% NaHCO3/500 ml solution), depending

on the degree of acidosis or hyperglycemia.

(d) The next 48 hours are utilized to replenish the fluid deficit (based on calculated deficits) together with
measured ongoing losses at a steady rate.

Calculation of water deficit:

Water deficit (liters) = usual body water - current body water

Usual body water = current body water “ current Osm/normal Osm

Current body water = current weight ~ 0.6

(i) Children with hypernatremic dehydration, unlike adults are usually not significantly deficient in Na+. Do
not try to correct the water deficit rapidly with Na+ (normal saline or greater) solutions, because this can

lead to severe Na+ overload and possibly to an increased serum Na+ concentration.

(i) It is unwise to attempt rapid control of hyperglycemia; the presence of extra glucose acts as an
"osmotic buffer" under whose cover the necessary ion shifts can occur as reequilibration proceeds.

(iii) Treatment of acute salt poisoning (serum Na+ 3 160 mEqg/liter, with urine Na+ 3 100 mEg/liter)
requires dialysis or furosemide diuresis (1 mg/kg), replacing the urine output with a 10% dextrose in water
(D/W) solution, monitoring Na+ values g4h and repeating the administration of furosemide if urine output

is not sustained.

(e) If the serum Na+ concentration is greater than 180 mEg/liter after circulation is reestablished, dialysis
may be required to correct the abnormalities.

V. Monitoring fluid and electrolyte therapy

A. The results of therapy must be assessed periodically and necessary adjustment made.
B. The usual variables to monitor include

1. Weight.

2. Vital signs.

3. Laboratory tests. Serum electrolytes, osmolality, blood sugar, calcium BUN, creatinine, and urine
electrolytes and specific gravity or osmolality. Urinary electrolytes, creatinine, and the composition of



abnormal losses-stool, fistulae, gastric suction-may be necessary in planning adequate correction of large
and continuing losses.

4. Total inputs and outputs of both fluids and electrolytes.

C. A well-conceived flowsheet is an efficient means of monitoring and adjusting therapy.

5 Antibiotics and Infectious Disorders
Top

W. Charles Huskins and Marvin B. Harper

I. Principles of antimicrobial therapy.

Principles of antimicrobial therapy. Whenever possible, a single antimicrobial agent should be used, and
the antimicrobial spectrum should be kept as narrow as possible. The use of multiple or broad-spectrum
antimicrobials is associated with an increased likelihood of colonization and superinfection by
drug-resistant organisms and is usually far more expensive. However, when severely ill patients or those
whose defenses are impaired are suspected of being infected, they should be given broad-spectrum
therapy pending the definitive results of cultures.

A. ldentification of the infecting pathogen.

Identification of the infecting pathogen. The most probable infecting pathogen(s) can often be determined
from various host factors, the site of infection, the results of rapid diagnostic procedures, the patient's
underlying illness, and local epidemiologic factors.

1. Host factors

a. Age. In the neonatal period the most common pathogens are Escherichia coli, other gram-negative
enteric bacilli, group B streptococci, and staphylococci. Pneumococci and meningococci are common and
serious pathogens between the ages of 2 months and 5 years. Infections caused by Haemophilus
influenzae type b are now uncommon in areas where most children receive conjugate H. influenzae type
(Hib) vaccines.

b. Defects of humoral immunity (see also Chap. 16). Patients with human immunodeficiency virus (HIV)

infection, congenital or acquired hypogammaglobulinemia, or defects of certain complement components,
particularly C3, have an increased incidence of infections due to encapsulated pyogenic bacteria, such as
pneumococci, meningococci, H. influenzae (type b and nontypeable strains), and Staphylococcus aureus.



c. Defects in cellular immunity. The T lymphocytes and their effector cells are probably important in the
defense against intracellular bacteria, Listeria, Nocardia, fungi, certain viruses, and Pneumocystis carinii.
Human immunodeficiency virus infection is an important acquired cause of defects in cellular immunity.

d. Granulocytopenia and granulocyte disorders (see Chap. 15, p. 452).
e. Miscellaneous defects conferring increased risk

(1) Patients with splenic hypofunction may have fulminant infections, most commonly due to the
pneumococcus, meningococcus, and H. influenzae type b.

(2) Patients with severe hepatic dysfunction have an increased frequency of bacteremias with E. coli,
other enteric gram-negative bacilli, and occasionally the pneumococcus.

(3) Patients with nephrotic syndrome have an increased incidence of infections (especially peritonitis)
caused by pneumococci, gram-negative bacilli, and H. influenzae type b.

(4) Primary peritonitis occurs almost exclusively in patients with ascites associated with cirrhosis or
nephrosis.

2. Site of infection. Table 5-1 lists the bacterial and fungal pathogens that cause acute infections at
various sites. The list is not exhaustive. Further discussion of specific sites of infection is found in sec. Ill.

B. Choice and dosage of antimicrobial agents

1. Antibiotic susceptibility. The recommended choice of antimicrobials for specific pathogens is outlined
in Table 5-2. Dosages of specific antibiotics are listed in the formulary.

a. Frequently, the likely pathogen(s) is (are) susceptible to several antimicrobials. A rational choice is
then based on drug toxicity, pharmacologic factors relating to the patient (age, renal and hepatic
function), pharmacologic factors relating to the infection (antimicrobial penetration and activity at the site
of infection), and cost, especially when several antibiotics are likely to be effective against the pathogen.

b. Agents with potentially serious side effects should be used only when they offer a definitive advantage
over less toxic agents.

2. Combinations of antimicrobial agents. Combination therapy is recommended for specific organisms or
certain clinical situations. These include endocarditis (see p. 113) caused by enterococci or by viridans
streptococci relatively resistant to penicillin, severe Pseudomonas infection, active tuberculosis (see p.
147), cryptococcal meningitis and disseminated infections caused by other yeasts, and empiric antibiotic
therapy for severely ill patients.

The regimen most commonly used for suspected bacterial sepsis in neonates is ampicillin and gentamicin
(see Chap. 6, p. 209). For suspected bacterial sepsis in older infants and children, ampicillin with
chloramphenicol, a third-generation cephalosporin, or ampicillin with sulbactam (if meningitis is unlikely
and where high-level penicillin-resistant pneumococcus is uncommon), is acceptable. The combination of



an antipseudomonal penicillin and an aminoglycoside is standard empiric coverage for
immunosuppressed patients or patients with suspected nosocomial sepsis.

3. Monitoring antimicrobial dosage. When treating a serious illness or when using an antibiotic with a
narrow therapeutic-toxic ratio, antibiotic levels should be monitored. Recommended therapeutic levels of
such antimicrobials are listed in the drug formulary.

a. Peak levels should be measured 1 hour after an intramuscular dose, 30 minutes after the end of a
30-minute intravenous infusion, or immediately after a 1-hour infusion.

b. Trough levels should be measured just before the next dose.

c. Antibiotic levels in the serum can also be measured indirectly as bactericidal activity against the
patient's pathogen (serum bactericidal level).

d. In certain infections such as endocarditis and osteomyelitis, the level and bactericidal power of
antibiotics in the patient's serum against the pathogen can be monitored during therapy. The peak
bactericidal level should be at least 1:8 and the trough at least 1:2. Serum bactericidal levels are useful in
monitoring compliance with and absorption of oral antibiotics.

4. Antimicrobial activity at the site of infection
a. Antimicrobial penetration into the CNS

(1) Chloramphenicol, the sulfonamides, and most antituberculous agents penetrate normal meninges
well.

(2) The penicillins penetrate effectively, but only in the presence of inflamed meninges. Large doses
must be given parenterally and maintained throughout therapy.

(3) Some cephalosporins, including cephalothin, cefazolin, cefaclor, cefamandole, and cefoxitin, do not
penetrate the cerebrospinal fluid (CSF) in therapeutic amounts. As a result, meningitis due to sensitive
organisms may develop during parenteral treatment of bacteremic infections with cephalosporins of poor
penetration.

(4) Cefuroxime penetrates the meninges, but delayed sterilization of CSF in H. influenzae meningitis,
possibly related to inadequate CSF drug level, has limited the use of cefuroxime when meningitis is
suspected.

(5) All third-generation cephalosporins have good penetration of inflamed meninges.

(6) The levels of aminoglycoside antibiotics in the CSF after parenteral therapy are unpredictable and are
often inadequate for the therapy of gram-negative meningitis.

b. Antimicrobial activity in the urinary tract (see p. 121). In patients with normal renal function, many
antimicrobials reach much higher concentrations in urine than in serum. As a result, routine sensitivity



tests based on achievable serum concentrations are not always reliable predictors of antibiotic efficacy.

Therefore, a report of antibiotic resistance should prompt a repeat urine culture rather than a change in

regimen, unless the patient's symptoms have failed to respond. An effective regimen should sterilize the
urine within 12 to 24 hours.

(1) Acidification enhances the activity of the tetracyclines, nitrofurantoin, the penicillins, and
cephalosporins. Alkalinization markedly enhances the activity of the aminoglycosides and erythromycin,
and extends the spectrum of the latter to include many gram-negative rods.

(2) Because of ionic partitioning into acid secretions, trimethoprim may be particularly useful in treating
recurrent urinary tract infections in females (anterior urethra) and prostatitis in males.

c. Antimicrobial penetration into the eye. Most antibiotics have poor penetration into the aqueous and
vitreous humor. For this reason, both parenteral and intraocular antibiotics are usually necessary for the
treatment of endophthalmitis. Trimethoprim-sulfamethoxazole (TMP/SMZ) and chloramphenicol are the
only antibiotics that penetrate the eye well when given systemically.

5. Failure of therapy. There is variation in the rate of resolution of infections. Causes for failure of
treatment should be considered when fever and signs of infection are prolonged. These include
inadequate antibiotic therapy, including poor compliance, complication of original infection, complications
of treatment, and host factors (immune deficiency, anatomic defect, inadequate drainage, a retained
foreign body).

6. Pharmacologic considerations
a. Use of antimicrobial agents in infants and young children

(1) In neonates, antimicrobial dosage must be individualized, and serum levels should be monitored,
particularly when using toxic drugs. Guidelines for initial antibiotic dosage in neonates can be found in
Chapter 6.

(2) In general, dosage intervals are longer in younger infants than in older infants. Drug half-lives in
premature infants are longer than in full-term infants. Similarly, decreases in renal function are associated
with long half-lives of aminoglycoside antibiotics. Therefore, doses and intervals near the lower limits of
the ranges given in Chapter 6 should be chosen in these groups.

(3) To achieve a given blood level, older infants and children less than 10 years of age usually require
higher doses of antimicrobials (based on weight) than do older children and adults.

(4) Dosage of toxic antibiotics should be adjusted according to the age of the patient. In gentamicin dose
recommendations rarely produce levels above the therapeutic range and levels may be subtherapeutic. A
single gentamicin dosage of 60 mg/m2 q8h produces reproducible peak levels in all age groups
regardless of body habitus.

b. Use of antimicrobial agents in renal failure. The routes of metabolism and excretion of antimicrobials
must be considered to avoid overdosage



(1) Antimicrobials handled mainly by the kidneys

(a) Antimicrobials excreted primarily by renal mechanisms are best avoided in patients with severe renal
failure. If their use cannot be avoided, then drug levels should be obtained, when possible, before repeat
doses are administered.

(b) Adjustment in dosage is based on estimates of renal function.

(i) Interval extension. The standard dose of the antimicrobial is given, and the dosage interval is
prolonged in direct proportion to the increase in serum creatinine concentration, as in the following
equation:

New interval = standard interval (q8h) * patient's creatinine/normal creatinine

Peak and trough levels with this method are similar to those obtained in patients with normal renal
function. However, this approach can lead to relatively long periods of subtherapeutic levels before the
next dose.

(i) Dosage adjustment. The standard dose is given (loading dose), and the standard interval is
maintained. Subsequent doses (maintenance doses) are reduced in proportion to increases in the serum
creatinine, as in the following equation:

Maintenance dose = standard dose divided by patient's creatinine/normal creatinine

Levels can be maintained within a narrower range with less chance of subtherapeutic levels. However,
this method may result in higher peak and trough levels than in (i) and may predispose the patient to
greater toxicity.

(c) The serum creatinine is unreliable in acute or unstable renal disease, in severe uremia, and in
intermittent dialysis. Thus, serum antibiotic levels should be measured frequently and directly to ensure
therapeutic levels.

(2) Antimicrobials handled by both the kidney and extrarenal mechanisms can be used in standard doses
in patients with mild or moderate renal failure (creatinine clearance > 30 ml/1.74 m2 or serum creatinine <
3 mg/dl). The dosage interval should be increased if renal failure is moderate or severe. Nitrofurantoin
and all tetracyclines except doxycycline are contraindicated in severe renal failure. In addition,
sulfonamides and para-aminosalicylic acid (PAS) should be avoided in severe renal failure.

(3) Antimicrobials handled by nonrenal mechanisms. When these agents are used in patients with renal
failure, the dosage need not be adjusted.

c. Use of antimicrobials in hepatic failure. Among antimicrobials metabolized by the liver, metabolic and
excretory pathways differ. Therefore, specific guidelines for dosage modifications in liver failure cannot be
formulated. Antimicrobials with a narrow toxic-therapeutic ratio (e.g., nitrofurantoin) or with a high risk of
hepatotoxicity (e.g., PAS) are contraindicated in cases of severe liver failure. When possible, clindamycin,



erythromycin, chloramphenicol, tetracyclines, isoniazid (INH), and rifampin should be avoided in patients
with severe liver failure. If any of these agents is used, their serum levels, if possible, should be
monitored.

C. Mechanisms of antibiotic resistance

Mechanisms of antibiotic resistance vary but usually involve enzymatic inhibition, alteration of the
bacterial target, development of membrane impermeability to the antibiotic, or active pumping of the
antibiotic out of the bacteria. Knowledge regarding the antibiotic resistance patterns of local bacterial
isolates is increasingly important in managing patients.

1. Beta-lactamases are a family of enzymes that hydrolyze beta-lactam antibiotics. Those produced by
Enterobacter, Citrobacter, Klebsiella oxytoca, and Pseudomonas aeruginosa are frequently unaffected by
beta-lactamase inhibitors (e.g., clavulanate, sulbactam, tazobactam). Furthermore some beta-lactamases
are chromosomally based and the emergence of resistance in patients receiving third-generation
cephalosporins has been reported (most frequently with Enterobacter).

2. Alteration of penicillin binding proteins (PBP). This is the only mechanism of resistance reported

among Streptococcus pneumoniae. Because resistance is not via beta-lactamases, antibiotics combined
with beta-lactamase inhibitors offer no advantage for infections due to resistant S. pneumoniae.

II. Specific antimicrobial agents.

Specific antimicrobial agents. Table 5-2 summarizes the drugs of choice for specific bacterial pathogens.
A. Antibiotics

1. The penicillins inhibit cell wall synthesis and kill growing bacteria bylysis.

a. Penicillin

(1) Spectrum and indications. Penicillin is the drug of choice for infections due to streptococci (except
enterococci), Clostridia, oral anaerobes, spirochetes, and sensitive pneumococci and Neisseria. It is also
used in treatment of anthrax, diphtheria, actinomycosis, leptospirosis, and rat-bite fever. Penicillin G is
more active than penicillin V.

(2) Pharmacology

(a) Oral preparations are penicillin G and penicillin V (phenoxymethyl penicillin). Because penicillin G is
acid labile, its absorption is variable. Penicillin V is well absorbed, especially when given 1 hour before

meals.

(b) Parenteral preparations differ in their peak serum level and half-life.



(i) Aqueous penicillin G results in rapid attainment of high blood levels after IM or IV administration. Its
rapid excretion in patients (except newborns) with normal renal function requires that it be administered
frequently (usually g4h) for optimal therapy. It is prepared as a potassium or sodium salt (1.7 mEqg/106

units).

(i) Procaine penicillin G is absorbed slowly from IM injections and so produces relatively low but
prolonged serum concentrations. It should thus be used only in infections due to highly susceptible
organisms or in large dosage.

(iii) Benzathine penicillin G produces even lower blood levels, which last for as long as 3 to 4 weeks. It is
used primarily against group A streptococci and Treponema pallidum, prophylactically in patients with
rheumatic heart disease, and therapeutically when adherence to a program of oral penicillin is
questionable.

b. Penicillinase-resistant penicillins

(1) Spectrum and indications. These agents are resistant to hydrolysis by the beta-lactamase produced
by staphylococci and are therefore the drugs of choice for penicillin-resistant staphylococcal infections.
They are approximately 10 times less active than penicillin G against penicillin-sensitive organisms.

(2) Pharmacology. The only clinically significant difference between preparations is in their routes of
administration. Because methicillin, oxacillin, and nafcillin are not well absorbed after oral administration,
they are used only parenterally. Cloxacillin and dicloxacillin are well absorbed orally.

c. Ampicillin and amoxicillin
(1) Spectrum and indications

(a) Ampicillin has the gram-positive spectrum of penicillin and is more active against enterococci and
Listeria. Like penicillin, it is inactive against penicillinase-producing staphylococci. It is also active against
many gram-negative organisms, including most H. influenzae strains, Salmonella, Proteus mirabilis, and
some E. coli and Shigella.

(b) The spectrum of amoxicillin is very similar to that of ampicillin.

(2) Pharmacology. The major difference between ampicillin and amoxicillin is that the latter is better
absorbed after oral administration. Amoxicillin is therefore given in lower dosage and may produce fewer
gastrointestinal side effects than ampicillin. Because amoxicillin can be given q8h rather than g6h as with
ampicillin, compliance may be improved. (Amoxicillin cannot be substituted for ampicillin in the therapy of
Shigella infections.)

d. Amoxicillin and clavulanic acid
(1) Spectrum and indications. Clavulanic acid binds irreversibly to the active site of many

beta-lactamases, inactivating the enzyme. The combination of amoxicillin with clavulanic acid extends the
spectrum of amoxicillin to include beta-lactamase-producing strains of S. aureus, H. influenzae, Moraxella



catarrhalis, E. coli, Proteus, Klebsiella pneumoniae, and gonococci. This combination is not active against
P. aeruginosa or many amoxicillin-resistant strains of Enterobacter and Serratia. Because of its higher
cost and the side effect of diarrhea, we reserve this drug combination for second- or third-line therapy
(after amoxicillin and TMP/SMZ), except for treatment of bite wounds.

(2) Pharmacology. Both components are rapidly absorbed and they are excreted at similar rates in the
urine. Probenecid delays renal excretion of amoxicillin but not of clavulanic acid.

e. Ampicillin and sulbactam

(1) Spectrum and indications. Sulbactam is a penicillin-like compound that, like clavulanate, binds
irreversibly to most beta-lactamases, inactivating the enzyme. When combined with ampicillin, sulbactam
acts to protect the ampicillin from beta-lactamases and effectively extends the antimicrobial spectrum of
ampicillin to include beta-lactamase-producing organisms, such as H. influenzae, Moraxella catarrhalis,
many E. coli, K. pneumoniae, anaerobes including Bacteroides fragilis, and all methicillin-sensitive S.
aureus. This combination of a well-proven and safe antibiotic (ampicillin) with a beta-lactamase inhibitor
that has virtually identical pharmacokinetics and tissue penetration as ampicillin has proved to be a useful
alternative to combination therapy or third-generation cephalosporins in the empiric therapy of
pneumonia, cellulitis, urinary tract infection (UTI), and other community-acquired infections, especially in
young children at risk for H. influenzae. It is not used to treat meningitis and has no activity against
organisms that are resistant to ampicillin by mechanisms other than production of beta-lactamase (e.g.,
Pseudomonas, penicillin-resistant S. pneumoniae).

(2) Pharmacology. Ampicillin and sulbactam have very similar pharmacokinetic profiles. Dosing is based
on the ampicillin component (not to exceed 200 mg/kg/day) and administration is intravenous.

f. Carbenicillin and ticarcillin

(1) Spectrum and indications. These agents extend the spectrum of ampicillin to include P. aeruginosa
and some Proteus species. Some strains of Enterobacter and Serratia may also be sensitive. Ticarcillin is
more potent than carbenicillin against P. aeruginosa and is therefore used in lower dosage. Both have in
recent years been supplanted by newer antipseudomonal penicillins (see sec. g below), although oral
indanyl carbenicillin remains useful as the only oral antipseudomonal antibiotic available for use in
children.

(2) Pharmacology. Oral indanyl carbenicillin attains therapeutic levels only in urine and is indicated only
for UTIs caused by gram-negative organisms resistant to ampicillin and other oral agents.

g. Azlocillin, mezlocillin, and piperacillin

(1) Spectrum and indications. These uride (azlocillin and mezlocillin) and piperazine (piperacillin)
derivatives of ampicillin retain the activity of ampicillin to enterococci and H. influenzae and are more
active than carbenicillin or ticarcillin against aerobic gram-negative bacilli, including P. aeruginosa and
Klebsiella species. Like ticarcillin and carbenicillin, they are not active against penicillinase-producing
strains of S. aureus or H. influenzae. In vitro studies demonstrate synergy with aminoglycosides against
P. aeruginosa. Combination therapy with an aminoglycoside is advised for any serious infection. These



agents have replaced ticarcillin and carbenicillin for most indications.

(2) Pharmacology. Mezlocillin, azlocillin, and piperacillin are monosodium salts (1.8 mEqg Na+/g),
whereas carbenicillin and ticarcillin are disodium salts (5 mEqg Na+/g). These drugs are administered only
by the IV route.

h. Ticarcillin-clavulanic acid and piperacillin-tazobactam

(1) Spectrum and indications. The combination of ticarcillin or piperacillin with a beta-lactamase enzyme
inhibitor extends the spectrum of activity of these drugs to include beta-lactamase-producing strains of S.
aureus, H. influenzae, E. coli, Klebsiella, and some other gram-negative bacilli. Strains of P. aeruginosa
and gram-negative bacilli with chromosomally mediated beta-lactamases, which are resistant to ticarcillin
or the piperacillin component, are still resistant to the beta-lactamase inhibitor combination. It should also
be noted that the recommended dosages of piperacillin-tazobactam are not adequate for treating serious
P. aeruginosa infections.

(2) Pharmacology. The combination of the beta-lactam antibiotic with the beta-lactamase inhibitor does
not alter the pharmacology of either drug.

2. Cephalosporins. The mechanism of action of the cephalosporins is similar to that of the penicillins.
This class of drug has gained in popularity because of its broad-spectrum activity and relative lack of
toxicity. In the discussion below, most members of each generation are discussed. However, the
Children's Hospital formulary includes only cephalexin (first generation, PO), cefazolin (first, parenteral),
cefoxitin (second, parenteral, used when enhanced anaerobic coverage is needed), cefprozil (second,
PO), cefixime (third, PO), ceftriaxone (third, parenteral), cefotaxime (third, parenteral), and ceftazidime
(third, parenteral, enhanced activity against P. aeruginosa). With the exception of third-generation agents,
the cephalosporins penetrate poorly into the CNS and should therefore not be used to treat meningitis or
when meningitis may ensue as a complication of a bacteremic condition.

a. First-generation cephalosporins

(1) Spectrum and indications. Cephalothin, and its analogues cefazolin, cephalexin, cefadroxil,
cephapirin, and cephradine have similar antimicrobial spectra. They are active against gram-positive
cocci, including penicillinase-producing S. aureus, and against gram-negative rods, including many
community strains of E. coli, Klebsiella, and P. mirabilis. Generally, they have poor activity against
enterococci or H. influenzae, and, despite disk sensitivity tests indicating activity against
methicillin-resistant staphylococci, the cephalosporins are usually ineffective clinically against these
organisms. Cephalothin and cefazolin are more resistant to staphylococcal penicillinase than other
cephalosporins and are therefore the cephalosporins of choice for serious staphylococcal infections.

(2) Pharmacology. Cephalothin and its analogues differ in their pharmacologic properties, especially with
respect to routes of administration. Cephalothin, cefazolin, and cephapirin are available only for IM or IV
administration. Cephalothin is painful when administered IM and should be given IV. Cephradine can be
given parenterally or PO; cephalexin and cefadroxil are given PO only. The half-life in blood of most of
these agents is very short (30-60 minutes), and parenteral therapy should therefore be given at 4-hour
intervals except for cefazolin (g6-8h). Cefadroxil has an extended half-life and can be dosed once or twice



a day.
b. Second-generation cephalosporins

(1) Spectrum and indications. Cefamandole, cefuroxime, and cefoxitin extend the spectrum of the older
cephalosporins to many strains of resistant gram-negative bacteria. Cefamandole and cefuroxime are
more active against H. influenzae type b (including ampicillin-resistant strains). Cefaclor is two to eight
times more active than cephalexin against H. influenzae type b. However, some strains, including some
beta-lactamase-producing strains, are resistant to cefaclor. Cefprozil and loracarbef each have
antimicrobial activities similar to that of cefaclor but with a longer serum half-life. In general, aerobic
gram-negative enteric organisms are more likely to be sensitive to gentamicin or tobramycin, anaerobes
to clindamycin or ampicillin-sulbactam.

(2) Pharmacology. Cefamandole, cefuroxime, and cefoxitin are given IV g6-8h. Cefprozil, loracarbef, and
cefuroxime axetil can be given PO bid. Because they are excreted unchanged into the urine, the dosage
should be reduced in patients with renal insufficiency. None of the second-generation cephalosporins
should be used to treat meningitis. In general parenteral second-generation cephalosporins have been
replaced by third-generation compounds for use in pediatrics.

c. Third-generation cephalosporins

(1) Spectrum and indications. Cefotaxime, ceftriaxone, ceftizoxime, cefixime, cefpodoxime, moxalactam,
cefoperazone, and ceftazidime have broad-spectrum activity against gram-negative enteric bacteria,
many of which are resistant to the older cephalosporins and aminoglycosides. These agents are also
highly active against H. influenzae type b (including beta-lactamase-producing strains), and Neisseria
species. Activity against anaerobes is good but not better than that of cefoxitin. Third-generation
cephalosporins generally have less activity against gram-positive cocci than do first-generation drugs,
and like all cephalosporins they are inactive against enterococci and Listeria monocytogenes. Cefixime
has no antistaphylococcal activity at all. Antipseudomonal activity is only fair except for ceftazidime. One
advantage of ceftriaxone and cefixime is a long half-life, which allows q24h dosing, and makes outpatient
management possible in selected cases.

(2) Pharmacology. Most third-generation drugs are excreted primarily by the kidney; ceftriaxone has both
renal and hepatic excretion, and cefoperazone is excreted primarily in bile. Ceftriaxone and cefixime have
a serum half-life of 4 to 6 hours, allowing q12-24h dosing. All others have a 1- to 2-hour half-life and
g6-8h dosing. Cerebrospinal fluid penetration is good through inflamed meninges. Ceftizoxime has not
been adequately evaluated for safety in infants less than 6 months of age.

3. Aminoglycosides inhibit protein synthesis.

a. Spectrum and indications. The aminoglycosides are effective against a broad range of enteric
gram-negative bacilli and S. aureus, but the various analogues differ in their antimicrobial spectra.
Aminoglycosides are valuable and proven antibiotics; however, they have a narrow therapeutic index and
careful attention must be given to proper dosing and drug level monitoring. Despite the recent popularity
of cephalosporins, aminoglycosides remain a mainstay of antimicrobial therapy in the neonate and young
infant as well as in hospitalized children.



(1) They are not effective against streptococci, pneumococci, anaerobes, and spirochetes.

(2) Many gram-negative bacilli, especially in hospitals, have become resistant to streptomycin and
kanamycin. In addition, neither agent is active against P. aeruginosa. Streptomycin is now used only as
an antituberculosis agent.

(3) Gentamicin is active against most gram-negative rods, including P. aeruginosa, and is the
aminoglycoside of choice for the empiric treatment of gram-negative infections, in which resistant
gram-negative bacilli are common.

(4) Tobramycin is more active than gentamicin against P. aeruginosa (2-4 times).

(5) Amikacin is active against many enteric gram-negative bacilli that are resistant to gentamicin. Unless
such organisms are common, this agent should be reserved for infections that have proved resistant to
the other aminoglycosides or for settings in which gentamicin-resistant organisms are common.

(6) Netilmicin is an aminoglycoside with antibacterial activity similar to that of tobramycin. Netilmicin may
be associated with less ototoxicity than other aminoglycosides, but it has not gained wide use in
pediatrics.

b. Pharmacology

(1) The aminoglycosides are poorly absorbed from the Gl tract. However, they can reach toxic levels
after oral administration in patients with a damaged intestine or with renal failure.

(2) Because the aminoglycosides have a narrow toxic-therapeutic ratio, dosage must be adjusted to
obtain safe, effective serum levels.

(3) Aminoglycoside levels should be monitored to minimize the risk of ototoxicity and nephrotoxicity. We
routinely monitor pre- and postdose levels every 2 to 3 days in critically ill patients and in all patients who
are receiving prolonged courses of therapy. However, in otherwise healthy children with normal renal
function who are started on standard-dose aminoglycoside therapy empirically with the intention of
stopping therapy within 48 to 72 hours (a usual time for culture results to become available), measuring
levels is of limited use. If therapy is continued beyond 48 to 72 hours, levels should be monitored.
Aminoglycoside-related ototoxicity and nephrotoxicity are most likely to occur with prolonged
administration or improper dosing.

(4) Aminoglycosides are excreted almost entirely by the kidneys. The dosage must be adjusted when
there is even a minor degree of renal impairment.

c. Side effects
(1) Nephrotoxicity due to renal tubular damage is enhanced by the concurrent use of cephalothin or

vancomycin and diuretics (especially when sodium depletion occurs) and by preexisting renal disease. It
is usually reversible. The serum creatinine should be monitored in all patients receiving aminoglycoside



therapy.

(2) Ototoxicity (both vestibular and auditory) is enhanced by preexisting ear disease, concurrent
administration of diuretics, and preexisting renal disease. It may be irreversible unless recognized early.

(3) Neuromuscular blockade with respiratory paralysis has been described, usually after peritoneal
irrigation with high concentrations of aminoglycoside or in association with botulism.

4. Newer antibiotics: carbapenems, monobactams, and quinolones

a. Imipenem-cilistatin. Imipenem, a carbapenem, has the widest spectrum of any lactam antibiotic yet
released and is available only in combination with cilistatin, an enzyme inhibitor that is important in
achieving effective concentrations. Activity includes nearly all gram-positive organisms, including
enterococci but excluding methicillin-resistant staphylococci. It is highly active against most
Enterobacteriaceae species and anaerobes, including B. fragilis. Although highly active, it is not usually
used as monotherapy against Pseudomonas because resistance can develop while a patient is
undergoing therapy. Its use in pediatrics is currently limited to very specific infections with organisms
resistant to other antibiotics. In the treatment of meningitis, imipenem-cilastin use has been associated
with a high rate of seizures.

b. Aztreonam. This first monobactam antibiotic has no significant gram-positive or anaerobic activity, but
is highly active against most Enterobacteriaceae and P. aeruginosa. Although combination therapy will
often be needed, aztreonam has the potential to replace aminoglycosides in many gram-negative
infections.

c. Ciprofloxacin. As synthetic agents based on the structure of naladixic acid, quinolones are highly
active against gram-negative bacteria in addition to many gram-positive organisms. Quinolones are well
absorbed after oral administration. Their use in pediatrics is limited because they have been shown to
damage cartilage in growing animals. Limited data do not show evidence of similar toxicity in children;
however, the data are insufficient currently to recommend use of quinolones for children except in special
circumstances.

5. The macrolide antibiotics erythromycin, clarithromycin, and azithromycin inhibit bacterial protein
synthesis by binding to ribosomes.

a. Spectrum and indications. Erythromycin, clarithromycin, and azithromycin are bacteriostatic at low
concentrations against Mycoplasma pneumoniae, spirochetes, and most gram-positive organisms. They
can be used as alternative drugs in penicillin-allergic patients with group A streptococcal and
pneumococcal infections. Erythromycin and clarithromycin are only moderately active against H.
influenzae. Macrolides are the drugs of choice for Legionella and M. pneumoniae infections, pertussis,
the diphtheria carrier state, Campylobacter infections, and chlamydia pneumonia. Clarithromycin and
azithromycin have the advantage of bid and once-daily dosing, respectively; they cause fewer
gastrointestinal symptoms and are therefore much better tolerated than erythromycin. Clarithromycin is
being utilized (often in combination with other antibiotics) for the treatment of atypical mycobacterial
infections. Azithromycin in a single 1-g oral dose will cure chlamydia genital infections.



b. Pharmacology. Erythromycin base is acid labile and poorly absorbed. Erythromycin estolate is well
absorbed, even in the presence of food, but must be hydrolyzed to the active base by the liver. A variety
of parenteral preparations are also available. Active erythromycin is excreted in low concentrations in
urine and in higher concentrations in bile. Clarithromycin and particularly azithromycin do not achieve
high serum concentrations but retain adequate and prolonged in situ and intracellular concentrations.

6. Clindamycin inhibits bacterial protein synthesis.
a. Spectrum and indications

(1) Clindamycin has a spectrum similar to that of erythromycin, except that it is inactive against M.
pneumoniae, Neisseria gonorrhoeae, Neisseria meningitidis, and H. influenzae. It is quite active against
nonenterococcal gram-positive organisms and most anaerobes.

(2) Clindamycin is often used for serious anaerobic infections due to B. fragilis and is popular as part of
the "triples" regimen with ampicillin and gentamicin to provide empiric coverage for perforated appendix
or other forms of peritonitis. It is an alternative to penicillin for infections due to group A streptococci and
pneumococci, and to penicillinase-resistant penicillins for staphylococcal infections. However, resistance
to clindamycin may emerge during therapy, and staphylococcal endocarditis may relapse after
clindamycin treatment.

b. Pharmacology. Absorption is not decreased by the presence of food. Clindamycin is metabolized by
the liver.

c. Side effects. Gastrointestinal side effects (hausea, vomiting, abdominal cramps, diarrhea) are
common. Pseudomembranous colitis, which is also associated with many other antibiotics, can develop
and become severe if treatment is continued.

7. The tetracyclines inhibit bacterial protein synthesis and are not used commonly in early childhood
because of their side effects.

a. Spectrum and indications

(1) The tetracyclines have broad-spectrum bacteriostatic activity against gram-positive organisms,
enteric gram-negative bacilli, anaerobes, Mycoplasma, spirochetes, and rickettsiae. Serratia, Proteus,
and P. aeruginosa are almost always resistant.

(2) Tetracyclines are the drugs of choice for brucellosis, cholera, Q fever, relapsing fever, Rocky
Mountain spotted fever (in children older than 8 years), psittacosis, lymphogranuloma venereum, and
nonspecific urethritis. They are second-line drugs for Mycoplasma pneumonia, tularemia, gonorrhea,
syphilis, melioidosis, and granuloma inguinale.

b. Pharmacology. The absorption of tetracycline is impaired by concurrent food intake and the presence
of divalent cations (calcium, iron). The serum half-life is relatively short (6 hours). Doxycycline and
minocycline are absorbed more completely than tetracycline, and have a longer half-life (14-20 hours).
Most tetracyclines are excreted mainly by the kidney, but also reach high concentrations in bile.



Doxycycline, which is eliminated mainly by nonrenal mechanisms, is the only tetracycline that can be
safely used in renal failure.

c. Side effects. Tetracyclines may produce permanent yellow discoloration of the deciduous teeth (when
given during the second and third trimester of pregnancy and the first 3 months of life) and of permanent
teeth (when given to children 3 months-8 years of age). Tetracyclines should therefore be avoided during
these periods. Other side effects include upper and lower Gl symptoms, candidal superinfection, and
dose-related hepatitis.

8. Vancomycin inhibits bacterial cell wall synthesis.

a. Spectrum and indications. Vancomycin is bactericidal for most gram-positive organisms but is only
bacteriostatic for enterococci. It is active against staphylococci, beta-hemolytic streptococci, viridans
streptococci, pneumococci, Corynebacterium, and Clostridium.

(1) Vancomycin is useful in the treatment of serious infection caused by methicillin-resistant
staphylococci.

(2) Vancomycin and gentamicin combined are the treatment of choice for enterococcal endocarditis in
patients with allergy to penicillin.

(3) Oral vancomycin is effective treatment for staphylococcal enterocolitis and antibiotic-induced colitis
associated with enterotoxin-producing Clostridium.

b. Pharmacology. Vancomycin is not absorbed after oral administration. After parenteral administration it
enters tissues well, but diffuses poorly across inflamed meninges. It is excreted primarily by the kidneys,
and dosage must be adjusted in renal failure and serum levels must be followed. It is not eliminated by
hemodialysis. To avoid a histamine-like reaction (red man syndrome), vancomycin is infused over at least
30 minutes and can be preceded by antihistamine administration if necessary.

9. The sulfonamides block the synthesis of dihydrofolic acid from para-aminobenzoic acid in bacterial
cells.

a. Spectrum and indications
(1) Sulfonamides have a broad bacteriostatic spectrum, including most gram-positive cocci (but not
enterococci); gram-positive bacilli; most gram-negative organisms, including H. influenzae, Chlamydia,

Actinomyces, and Nocardia; and protozoa (malaria, Toxoplasma, and Pneumocystis).

(2) The major indications for sulfonamides include uncomplicated UTI, Nocardia infections, and, together
with other drugs, toxoplasmosis and P. carinii pneumonia.

(3) Erythromycin with a sulfonamide is a second-line regimen for otitis media. Trimethoprim combined
with sulfamethoxazole is an important drug in pediatrics and is discussed below.

(4) Sulfonamides provide effective rheumatic fever prophylaxis but cannot be relied on for the treatment



of group A streptococcal infections.

(5) Sulfonamides compete with bilirubin for albumin-binding sites, thereby increasing the risk of
kernicterus in neonates. They are contraindicated in pregnancy near term and in jaundiced infants or
infants at risk of developing severe jaundice (e.g., ABO incompatibility).

b. Pharmacology (e.g., sulfisoxazole). Most sulfonamides are well absorbed orally. They are metabolized
by the liver, and both active drug and metabolites are excreted primarily by the kidney. Products of tissue
necrosis inhibit the action of sulfonamides. Therefore, these agents should not be used for severe
suppurative infections.

10. Trimethoprim-sulfamethoxazole. Both drugs inhibit folic acid synthesis.
a. Spectrum and indications

(1) The antimicrobial spectrum includes most gram-positive cocci, H. influenzae, M. catarrhalis and P.
carinii, and many enteric gram-negative bacilli.

(2) The major indications include treatment and prophylaxis of otitis media, UTIs, and P. carinii
pneumonia. It is a very effective and inexpensive drug in the treatment of acute otitis media, especially
after amoxicillin failure, and is useful in the treatment of shigellosis, Salmonella infections, and infections
caused by susceptible gram-negative bacilli.

(3) As a well-tolerated antibiotic with near complete bioavailability after oral administration, TMP/SMZ is
useful for oral outpatient continuation therapy of many infections due to susceptible organisms. Serum

concentrations after oral administration are equivalent to levels obtained with parenteral dosing.

b. Pharmacology. The dosage should be decreased in patients with severe renal dysfunction.
Intravenous usage for P. carinii is discussed on p. 110.

c. Side effects

(1) Rash, nausea, vomiting, and thrombocytopenia are the most common side effects. Hematologic
suppression due to weak inhibition of folic acid metabolism may be reversible with folinic acid. The drug
should be used with caution in patients with preexisting hematologic disease, in patients receiving
immunosuppressive therapy, or in patients who are dehydrated.

(2) Mild, reversible renal impairment may occur.

11. Nitrofurantoin may inhibit bacterial carbohydrate metabolism.

a. Spectrum and indications

(1) Nitrofurantoin is active against most gram-positive cocci (including enterococci) and gram-negative
urinary pathogens. Sensitive organisms usually do not become resistant during therapy.



(2) The only indications for nitrofurantoin are the treatment and prophylaxis of UTIs.

b. Pharmacology. The drug reaches therapeutically effective levels only in the urine, which is its major
route of excretion.

12. Metronidazole is reduced by enzymes in anaerobic bacteria. The reduction products disrupt DNA and
inhibit nucleic acid synthesis.

a. Spectrum and indications

(1) Most aerobic organisms are resistant, but metronidazole is bactericidal for almost all anaerobic
organisms, including B. fragilis and Clostridium.

(2) Metronidazole is probably the drug of choice only for endocarditis due to B. fragilis (because of its
bactericidal activity) and for B. fragilis infections that are resistant to other drugs. It is equally effective as
oral vancomycin in treatment of Clostridium difficile pseudomembranous colitis. Metronidazole is also
useful in the treatment of trichomoniasis, amebiasis, and giardiasis.

b. Pharmacology

(1) Metronidazole is well absorbed from the Gl tract and enters into all tissues, including the CSF. Serum
concentrations after oral dosage are similar to those achieved with equal IV doses.

(2) The drug is largely metabolized in the liver and excreted by the kidney. No alteration in dosage is
necessary for renal insufficiency; however, the dosage in patients with hepatic disease should be
decreased and serum levels monitored.

13. Rifamycins (rifampin and rifabutin) are bactericidal because they inhibit DNA-dependent RNA
polymerase at the beta-subunit preventing chain initiation. Bacteria rapidly develop resistance through
mutations; therefore, rifamycins should not be used as monotherapy (except as meningitis prophylaxis
with rifampin, or Mycobacterium avium-intracellulare (MAI) prophylaxis in selected HIV-infected patients
with rifabutin).

a. Spectrum and indications
(1) Rifampin is extremely active against staphylococci, N. meningitidis, N. gonorrhoeae, H. influenzae,
and Legionella. A common use of rifampin has been in meningitis prophylaxis because of its efficacy in

eradicating nasopharyngeal colonization with N. meningitidis, and H. influenzae.

(2) Rifampin and rifabutin have good activity against most species of mycobacteria. They are commonly
used in antimycobacterial prophylaxis and treatment.

b. Pharmacology

(1) Rifampin and rifabutin are well absorbed from the Gl tract and enter into all tissues, including the
CSF.



(2) They are largely metabolized in the liver.

c. Side effects

(1) Orange discoloration of the urine is common and staining of soft contact lenses can occur.
(2) Hepatotoxicity especially in combination with other medications.

(3) The serum concentrations of many other medications with hepatic clearance are reduced; these
include oral contraceptives, digoxin, warfarin, and glucocorticoids.

(4) Rifabutin can cause uveitis.

lll. Treatment of infectious diseases by site
A. Ocular infections

1. Preseptal cellulitis. The preseptal space consists of elastic connective tissue. A layer of dense
connective tissue separates this space from the orbit, face, and forehead.

a. Etiology

(1) If the infection arises after an insect bite, local trauma, or an infection of the eyelid, S aureus or group
A streptococci are the most common causes.

(2) If the patient has no history or evidence of cutaneous inoculation, sinusitis-particularly ethmoid
sinusitis-is a common associated finding. Organisms that cause sinusitis, including Sp. pneumoniae,
nontypeable H. influenzae, M. catarrhalis, and anaerobes, are the most common etiologies.

(3) Haemophilis influenzae type b is now a rarity.

b. Evaluation. It is critical to distinguish preseptal cellulitis from orbital cellulitis.

(1) Examination should focus on determining the

(a) Location of the infection.

(b) Source of the infection (cutaneous inoculation, infection of eyelid, or sinusitis).

(2) If orbital infection is suspected, a CT scan or MRI of the orbit and sinuses is necessary.

(3) Blood culture should be performed.



(4) Lumbar puncture may be indicated.
(5) Sinus x-rays are indicated if sinusitis is suspected.

c. The diagnosis is established clinically by the presence of warmth, erythema, induration, and
tenderness of the eyelids and surrounding tissues of the preseptal space. Fever may or may not be
present. An exaggerated inflammatory reaction due to an insect bite may be difficult to distinguish from
infection.

d. Therapy. Given the present rarity of H. influenzae type b infection in the United States, outpatient
management of children with mild infection may be considered if orbital cellulitis is excluded and close
follow-up is assured. Indications for inpatient management and parenteral antimicrobial therapy include
cases in which the distinction between preseptal or orbital cellulitis is not clear, the infection is moderate
or severe, the child is toxic or unable to tolerate oral therapy, or close follow-up cannot be assured.

(1) Antibiotic therapy

(a) If cutaneous inoculation is the likely cause, antistaphylococcal therapy is indicated. Oxacillin or
cefazolin is appropriate for intravenous therapy; cephalexin, dicloxacillin, or erythromycin is appropriate
for oral therapy.

(b) If sinusitis is present or cutaneous inoculation is not a likely cause, therapy should be directed toward
organisms that cause sinusitis (see sec. a above) as well as S. aureus and group A streptococci.
Appropriate intravenous agents are cefuroxime or ampicillin-sulbactam as single agents or combination
therapy with oxacillin and a third-generation cephalosporin or chloramphenicol. Appropriate oral agents
are cefuroxime, cefprozil, or ampicillin-clavulanate.

(c) Uncomplicated cases that respond to parenteral therapy can be switched to an appropriate oral agent
to finish the course of treatment.

(d) Duration of therapy is 7 to 10 days. If sinusitis is present the duration of treatment should be 2 to 3
weeks.

(2) Warm compresses provide symptomatic relief.

2. Orbital cellulitis

a. Etiology. Staphylococcus aureus, group A streptococci, and organisms that cause sinusitis, such as S.
pneumoniae or nontypeable H. influenzae, M. catarrhalis, and anaerobes, are the most common
etiologies. Orbital cellulitis in an immunocompromised child may be caused by an invasive fungal
infection of the sinuses and orbit.

b. Evaluation

(1) A detailed examination is necessary to evaluate for evidence of decreased visual acuity, limitation of
extraocular movements, chemosis, proptosis, and congestion of the blood vessels of the fundus.



(2) An ophthalmologist should be consulted if orbital involvement is suspected.

(3) A CT scan or MRI of the orbit and sinuses should be performed.

(4) Blood culture should be performed.

c. The diagnosis is suggested clinically by swelling of the eyelid and surrounding tissues accompanied
by eye pain, decreased visual acuity, limitation of extraocular movement, chemosis, and/or proptosis. A
definitive diagnosis is made by a CT scan or MRI. Cavernous sinus thrombosis and infection involving the
meninges or brain parenchyma are rare complications.

d. Therapy

(1) Hospitalization and immediate consultation with an ophthalmologist are required.

(2) Drainage is necessary in some cases.

(3) Parenteral antibiotics should be given in high doses. Treatment should include an antistaphylococcal
agent, such as oxacillin, and a second- or third-generation cephalosporin, such as cefuroxime,
cefotaxime, or ceftriaxone. Clindamycin as a single agent is an alternative in penicillin-allergic patients.

3. Trachoma is uncommon in the US, but is one of the leading causes of blindness in parts of the world
where the infection is endemic. It begins as chronic follicular conjunctivitis with mucopurulent discharge,
progresses with exacerbations and remissions of inflammation and neovascularization of the cornea, and

can lead to extensive scarring and blindness.

a. Etiology. Trachoma is caused by specific serovars of Chlamydia trachomatis, which are spread by
direct and indirect contact between children.

b. Evaluation. Examination is usually sufficient in areas of the world where the disease is endemic.
c¢. The diagnosis is usually made clinically.
d. Therapy. Treatment is difficult and requires a long course of therapy.

(1) Topical therapy. Erythromycin, tetracycline, sulfacetamide ointment two times a day for 2 months or
twice a day for the first 5 days of the month for 6 months.

(2) Oral therapy. Erythromycin or doxycycline for 40 days.
B. Oral infections
1. Stomatitis

a. Etiology. Herpes simplex virus (HSV) is a common cause year round. Herpangina caused by



enteroviruses (coxsackievirus and echoviruses) is more common in the summer. Varicella causes
stomatitis but occurs in the setting of systemic illness. There are a variety of other causes of stomatitis of
undetermined etiology.

b. Evaluation

(1) Examination should focus on the presence and location of ulcers and the involvement of the gingiva
and lips. Lesions on other areas of the body should be sought.

(2) In severe or recurrent cases, indirect immunofluorescence tests or viral culture will determine if HSV
is the causative agent. Enteroviruses can be isolated from viral cultures, but this is rarely helpful clinically.

c. The diagnosis is based on clinical findings. Herpes simplex virus gingivostomatitis typically involves
the anterior portion of the oral cavity. Herpangina usually involves the posterior portion of the oral cavity
and the pharynx. Other conditions include varicella, Kawasaki's disease, FAPA (fever, aphthous ulcers,
and adenopathy) syndrome, Stevens-Johnson syndrome, aphthous stomatitis, Behget's disease, and
stomatitis-mucositis in the immunocompromised child. Noma is a rare, severe gangrenous stomatitis
seen in the malnourished or debilitated child.

d. Therapy

(1) Supportive care is usually sufficient. Children with severe stomatitis may require intravenous
hydration if they are unable to tolerate oral hydration.

(2) Data on the efficacy of oral acyclovir for HSV gingivostomatitis in normal children are not available.
Treatment may reduce symptoms but is likely to be of marginal benefit in mild or uncomplicated cases.
Severe or prolonged cases may benefit from oral acyclovir. Parenteral acyclovir can be used to treat
children with severe stomatitis who are unable to tolerate oral medication.

(3) Parenteral acyclovir is indicated for treatment of hospitalized immunocompromised children
(5-7mg/kg/day or 750 mg/m2/day divided q8h).

e. Suppressive therapy

(1) Data on the efficacy of suppressive acyclovir for recurrent oral HSV stomatitis in normal children are
not available. Children who have frequent recurrences of HSV stomatitis may benefit from a period of
suppressive acyclovir (10 mg/kg/day divided bid).

(2) Recurrent HSV stomatitis in immunocompromised children is a common problem. These children
often benefit from suppressive acyclovir (10 mg/kg/day divided bid).

2. Oral candidiasis (oral moniliasis, thrush) is a common infection of neonates and young infants and
may occur in conjunction with candidal diaper rash. It is commonly seen during or after systemic
antimicrobial treatment. Severe oral candidiasis in an infant or disease in an older child, especially when it
is recurrent or does not respond well to therapy, may be an indicator of an underlying immunodeficiency.



a. Etiology. Candida albicans is the most common pathogen, but other species can cause disease.
b. Evaluation

(1) Examination of the mucosal membranes is sufficient. Milk, food, or coating on the tongue may be
confused with plaques.

(2) Gram's stain and potassium hydroxide (KOH) prep are helpful but not necessary if the clinical findings
are characteristic.

(3) Cultures are generally not useful except when the diagnosis is in question.

(4) Tests of immune function are not necessary in otherwise healthy children if disease is not severe or
recurrent.

(5) Although older children may complain of mouth pain, the infection is usually asymptomatic in infants.
(6) Fever or other signs of systemic infection should prompt evaluation for another focus of infection.

c. The diagnosis is made clinically by the finding of white plaques that do not brush away easily on a
base of inflamed mucosa. Plaques are usually on the buccal mucosa but may involve the gingiva and
pharynx. The demonstration of yeast and pseudohyphae in scrapings of mucosal lesions is diagnostic.
Oral candidiasis is a common finding in immunocompromised children and is commonly seen with
candidal esophagitis.

d. Therapy

(1) Spontaneous resolution is common, especially if antimicrobial therapy is discontinued.

(2) Acute infection is usually treated.

(a) Topical agents are effective for most cases.

(i) Nystatin suspension (100,000 units) qid for 7 to 14 days is the most commonly used treatment for
infants.

(i) Gentian violet is effective but causes staining.

(i) Clotrimazole troches tid or qid can be used in older children.

(b) Systemic therapy

(i) Oral fluconazole (2-6 mg/kg qd) for 14 days has replaced ketoconazole for treatment of difficult cases.

(ii) Parenteral therapy is used for severe cases often accompanied by candidal esophagitis:
amphotericin, 0.25-0.50 mg/kg qd, and fluconazole, 6 mg/kg qd.



(3) Suppressive therapy is commonly used in immunocompromised children with recurrent oral
candidiasis or esophagitis, or both.

(a) Nystatin suspension bid is often effective.
(b) Clotrimazole troches bid can be used by older children.

(c) Oral fluconazole (2-4 mg/kg qd) has replaced ketoconazole for chronic suppression because of better
tolerance, although elevation of hepatic transaminases can also be seen with fluconazole.

C. Ear, upper respiratory tract, and neck infections

1. Otitis externa. Children with congenital or acquired narrowing of the external auditory canal are
predisposed to this infection.

a. Etiology. Staphylococcus aureus is the most common cause. Pseudomonas aeruginosa and other
gram negative bacteria are associated with swimming, chronic draining otitis media, and
immunocompromised children. Fungi are an uncommon cause.

b. Evaluation

(1) Examination typically reveals partial or complete occlusion of the external auditory canal by drainage
or edematous tissues. Marked pain on chewing or manipulation of the tragus is a characteristic sign. In
small children, the presence of a foreign body should be excluded.

(2) Examination by an otorhinolaryngologist may be necessary in moderate to severe cases to rule out a
foreign body and to insert a wick to facilitate drainage and use of topical agents. Removal of debris and

purulent drainage is helpful, if possible.

(3) A culture taken by an otorhinolaryngologist who can first remove debris and drainage from the canal
and directly swab infected areas may be more helpful in guiding antimicrobial therapy.

(4) In severe cases, a CT scan or MRI may help define the extent of the infection and identify areas that
require surgical drainage.

c. The diagnosis is established clinically by the constellation of ear pain, seropurulent drainage,
induration of the tissues of the external canal and periauricular area, and tenderness of the tragus during
manipulation.

d. Therapy

(1) Local therapy will help reduce swelling, treat infection, and provide analgesia. In mild cases, the
following should be administered topically.

(a) A solution of 1% acetic acid may be sufficient.



(b) Cortisporin (polymyxin, neomycin, and hydrocortisone) tid or qgid is useful for its antimicrobial and
anti-inflammatory properties.

(c) Topical antibiotics, such as topical colistin, gentamicin, or clindamycin tid, are also effective.
(d) Treatment should continue for 1 to 2 weeks, depending on the severity.

(2) Systemic therapy is necessary in moderate and severe infections with significant surrounding
inflammation.

(a) Oral therapy with an antistaphylococcal agent, such as cephalexin, is sufficient in all but the most
severe cases.

(b) Parenteral therapy, which is reserved for severe cases or immunocompromised children, should
include a combination of an antistaphylococcal agent, such as oxacillin, and an antipseudomonal agent,
such as tobramycin or ceftazidime.

2. Otitis media. Eustachian tube dysfunction causes inadequate ventilation of the middle ear, resulting in
a negative middle ear pressure. Persistent negative pressure produces a sterile transudate within the
middle ear. Concurrent or subsequent contamination of the middle ear with infected nasopharyngeal
contents occurs by aspiration and insufflation during crying and nose blowing.

a. Acute otitis media

(1) Etiology

(a) Streptococcus pneumoniae, nontypable H. influenzae, M. catarrhalis, and group A streptococci are
the most common causative organisms; S. aureus and enteric gram-negative bacilli (in neonates) are
less frequent causes.

(b) Viruses and M. pneumoniae have been isolated from middle-ear fluid; their significance is uncertain.
(c) Of Haemophilus isolates, the nontypeable H. influenzae (nonencapsulated) species comprise the
majority of middle ear isolates, are not associated with invasive infection, and are responsible for a small
but significant proportion of infections in older children and adults. Haemophilus influenzae type b is
uncommon.

(2) Evaluation

(a) Pneumotoscopy is required to make the diagnosis.

(b) Tympanometry may be helpful in difficult cases.

(c) Tympanocentesis. Middle ear aspiration should be performed on children who are seriously ill, have a
poor response to antibiotics, or have a complication of acute otitis media. It is also useful in newborns and



immunocompromised children. Diagnostic tympanocentesis should be performed under semisterile
conditions with the aid of an operating microscope or otoscope with operating head; a spinal needle is
inserted through the anteroinferior segment of the tympanic membrane.

(3) Diagnosis. A bulging, opacified, discolored eardrum through which the landmarks are poorly
visualized, together with decreased mobility of the drum, defines acute otitis media.

(4) Treatment

(a) Oral antimicrobial agents are prescribed for all patients, generally for 10 days. Amoxicillin is the first
drug of choice as it is safe and inexpensive. Recurrent otitis shortly after amoxicillin therapy or amoxicillin
failure is reason to use alternative antibiotics. In some areas with high levels of beta-lactamase-producing
H. influenzae or M. catarrhalis, alternative antibiotics might be given initially. We generally use TMP/SMZ
as a second-line drug, as it is inexpensive, well tolerated, and likely to treat infection caused by
beta-lactamase-producing pathogens. Erythromycin-sulfisoxazole can also be effective. Direct
comparisons of alternative antibiotics are limited but suggest that amoxicillin-clavulanate is superior to
cefaclor as a third-line agent. Amoxicillin-clavulanate, cefprozil, cefaclor, cefixime, cefpodoxime,
locarbacef, and clarithromycin cost three to five times as much as amoxicillin or TMP/SMZ. We do not
advocate use of cefaclor given the potential for a serum sickness reaction and because alternative agents
are available.

(i) Penicillin-resistant S. pneumoniae, which are increasing in frequency in many areas, are a more
difficult problem. These organisms are often resistant to one or more of the alternative agents, including
TMP/SMZ, erythromycin, the cephalosporins, and ampicillin-clavulanate. Of the oral agents, clindamycin
has the most reliable in vitro activity against penicillin-resistant S. pneumoniae.

(b) Analgesics (acetaminophen, codeine) may be indicated.

(c) Antihistamines and decongestants are not indicated in otitis media, except to relieve coryza
symptoms.

(d) The patient should be reevaluated within 30 days after starting therapy to determine whether effusion
persists. If complete resolution has occurred, the patient is discharged. Periodic monitoring is required for
patients with repeated episodes of otitis media. If effusion persists after 4 weeks, treatment is the same
as that for chronic otitis media.

(e) Repeated episodes of otitis media with clearing of middle ear effusion between attacks can be
managed by the use of prophylactic antibiotics including TMP/SMZ (4 mg and 20 mg, respectively/kg/day)
or sulfisoxazole (50 mg/kg/day) in a single daily dose.

3. Streptococcal pharyngitis (tonsillitis)

a. Etiology. Group A beta-hemolytic streptococci cause virtually all streptococcal pharyngitis, with rare
outbreaks of group C and G.

b. Evaluation



(1) A history in the patient or family of recent streptococcal pharyngitis, scarlet fever, rheumatic fever, or
penicillin allergy should be noted.

(2) Examination is helpful in deciding on further evaluation. The presence of exudative pharyngitis,
tender cervical adenopathy, and fever increases the likelihood of streptococcal versus viral pharyngitis.
Conversely, the presence of cough and nasal congestion decreases this likelihood. In infants,
streptococcal infection is more likely to present as persistent nasopharyngeal discharge with fever and
excoriation of the nares.

(3) A properly obtained specimen is critical for either a rapid streptococcal antigen test or a throat culture
and must be performed by vigorously swabbing both tonsillar areas and the posterior pharynx. If done
properly, this usually induces a gag reflex.

(4) Rapid streptococcal antigen tests have replaced throat culture in many areas and, if performed
properly, are highly specific (i.e., a positive test is highly correlated with isolation of group A streptococci
in culture). However, these tests are generally not as sensitive as a properly collected and processed
throat culture, especially when small numbers of group A streptococci are present.

(5) Short of serologic confirmation, throat culture remains the gold standard for identification of
streptococcal pharyngitis. Some clinics obtain a specimen for rapid streptococcal antigen test and throat
culture at the same time and process the throat culture only if the rapid strep test is negative.

c. The diagnosis is supported by a positive throat culture or rapid antigen detection and confirmed by a
rising antistreptolysin O titer (500 Todd units as an absolute value on a single specimen, or a 2-tube rise
in serial specimens analyzed simultaneously).

d. Therapy
(1) Antibiotic therapy is necessary to prevent sequelae, such as rheumatic fever.

(a) Intramuscular penicillin (benzathine) ensures treatment for a sufficient length of time. Children should
be given a single injection of 600,000 to 1,200,000 units. The larger dose is preferable for children over
60 Ib.

(b) Oral therapy is dependent on the cooperation of the patient and the parents. For prevention of acute
rheumatic fever, therapy must be continued for the entire 10 days, even though the temperature returns
to normal and the patient is asymptomatic.

(i) Penicillin, 125 mg (children) or 250 mg (older children and adolescents) tid-qid.

(ii) For patients with documented penicillin allergy, oral erythromycin, 40 mg/kg/day in four divided doses,
or clindamycin, 10 to 20 mg/kg/day in four divided doses for 10 days, is recommended. Cephalosporins
are also effective. Sulfonamides, while effective in the prophylaxis of streptococcal infection, are
ineffective in their treatment.



(2) Bed rest is not necessary. After 24 hours of antibiotic therapy, children are no longer contagious and
can return to school.

(3) Follow-up cultures are not necessary unless the child remains symptomatic or other family members
become infected.

(4) Throat cultures are indicated for symptomatic family members but are not necessary for others unless
recurrent streptococcal pharyngitis occurs in the family. Such recurrences may necessitate empiric

antibiotic treatment of the entire family.

4. Abscesses involving the peritonsillar, retropharyngeal, or parapharyngeal spaces may complicate
infections in and around the oropharynx.

a. Peritonsillar abscesses commonly occur in children over 10 years of age.

(1) Etiology. Group A streptococci and oral anaerobes are the causative agents.

(2) Evaluation

(a) The soft palate and uvula may be swollen and displaced toward the unaffected side.

(b) The patient complains of severe throat pain and may speak with a muffled, "hot-potato” voice.

(c) Trismus is present due to spasm of the internal pterygoid muscle, and drooling occurs due to
dysphagia.

(3) Diagnosis. Surgical drainage of the abscess usually yields the organism.

(4) Therapy

(a) Surgical drainage is the cornerstone of effective therapy and should be performed under general
anesthesia using a cuffed endotracheal tube to minimize the chances of aspiration or mediastinitis, or

both.

(b) After effective surgical drainage, the antibiotic treatment of choice is a 10-day course of penicillin,
initially IV until acute manifestations have subsided and then continued PO.

b. Retropharyngeal or parapharyngeal abscesses commonly occur in children younger than 3 years.

(1) Etiology. Group A streptococci, S. aureus, and oral anaerobes. The possibility of an embedded
foreign body should never be overlooked.

(2) Evaluation. History includes sore throat, fever, dysphagia, odynophagia, and voice change.
Abscesses in these locations should be suspected with displacement of structures or a mass in the
posterior pharynx. A lateral neck x-ray or CT scan may be necessary to evaluate the thickness of the
retropharyngeal tissues.



(3) Diagnosis. Culture of aspirated surgical drainage may yield the organisms.
(4) Therapy
(a) Surgical drainage is the mainstay of treatment.

(b) Because of the high incidence of mixed infections at these sites, a penicillinase-resistant penicillin
should be given in addition to penicillin G. Alternatively, ampicillin-sulbactam can be used.

(c) Clindamycin is an alternative drug for the penicillin-allergic patient.

5. Cervical adenitis. Lymph nodes often enlarge in response to localized or systemic infection. Marked
enlargement (33 cm) associated with tenderness and erythema indicates progressive infection within the
node.

a. The etiology varies with the location of the infected neck glands and the acuity of the process.

(1) Tonsillar nodes (at the angle of the jaw) are likely to be infected by organisms from the pharynx, such
as group A streptococci, S. aureus, and mouth anaerobes.

(2) Submandibular node infection follows oral or facial disease. Unilateral, "cold" submandibular nodes
that are chronic and unresponsive to antibiotic treatment suggest infection with atypical (nontuberculous)
mycobacteria.

(3) Posterior cervical node infection suggests an adjacent skin infection.

(4) Bilateral cervical node enlargement of marked degree indicates Epstein-Barr virus or cytomegalovirus
infection, toxoplasmosis, secondary syphilis, a phenytoin reaction, or infiltrative node disease.

(5) Bartonella henselae (the cat-scratch agent) can cause unilateral cervical or preauricular adenitis, but
more commonly results in axillary adenitis.

(6) Recurrent episodes of adenitis should raise the suspicion of chronic granulomatous disease or
immunoglobulin (IG) deficiency.

b. Evaluation

(1) The history should investigate the presence of other symptoms (pharyngitis, neck stiffness,
dysphagia), significant exposures (cats, tuberculosis, tick bites), and prior episodes.

(2) Examination of the area should define the nodes involved as well as associated findings of fever,
warmth, induration, tenderness, and fluctuance. Torticollis is a relatively common finding.

(3) If fever is present, a complete blood count and differential is necessary.



(4) A blood culture should be obtained although the yield is low.

(5) A throat culture or rapid streptococcal antigen test is useful in determining if group A streptococcus is
a likely pathogen.

(6) A tuberculin skin test with control should be placed. A positive tuberculin skin test mandates a chest
X-ray.

(7) Other laboratory tests should be ordered only as indicated: ASLO titer, Monospot, antibody titers for
Epstein-Barr virus and Toxoplasma gondii, urine for cytomegalovirus rapid diagnosis and/or culture, and a
rapid plasma reagin (RPR).

(8) Ultrasound or CT scan are useful when it is difficult to determine whether suppuration is sufficient to
warrant drainage.

(9) Needle aspiration of the node offers a simple, safe means of diagnosis. Gram's and acid-fast stains of
aspirates may provide immediately helpful information. Aspirates should be cultured for aerobes,
anaerobes, and mycobacteria.

c. The diagnosis is made by the clinical findings and evaluation described above.
d. Therapy

(1) Surgical drainage or excisional biopsy is appropriate for infected nodes that are fluctuant ("pointing")
or refractory to broad-spectrum antibiotic therapy. The therapy of choice for atypical mycobacterial
adenitis is excisional biopsy. In some cases, biopsy is necessary to rule out malignancy.

(2) Antibiotic therapy. Unless stains of the node aspirate suggest another organism, a
penicillinase-resistant penicillin or first-generation cephalosporin should be given as initial therapy,
because the most likely organisms are S. aureus or group A streptococci. Oral anaerobes can be isolated
from some nodes but other pathogens, such as H. influenzae type b, are seen only rarely.

(a) Streptococcal adenitis. When group A streptococcus is isolated, penicillin G, either IM or IV in severe
cases, is given until the fever and localized inflammation have subsided. This response should occur
within 2 to 3 days, after which a 10-day course of oral penicillin (penicillin G, 50,000 units/kg/day, or
penicillin V, 50 mg/kg/day) can be completed. Hot compresses and antipyretics also are prescribed.

(b) Staphylococcal adenitis. Because the organism is often penicillin resistant, one of the
penicillinase-resistant semisynthetic penicillins or a first-generation cephalosporin is given. Severity of the
illness determines whether the IV route and hospitalization are necessary. The duration of treatment is
determined by the patient's response, but a 10- to 14-day course is usually sufficient.

(i) Recommended parenteral preparation is nafcillin, oxacillin, or methicillin, 100 to 200 mg/kg/day g4h, or
cefazolin, 80 mg/kg/day q8h.

(i) Recommended oral preparation is dicloxacillin, 25 mg/kg/ day gid, or cephalexin, 25 to 50 mg/kg/day



gid.
(c) Tuberculous adenitis. Antituberculous drugs are given (see p. 147).

(d) Nontuberculous mycobacterial adenitis. Although the natural history of this disease is variable, the
adenopathy will often resolve spontaneously. When increasing adenopathy or related symptoms indicate
the need for more aggressive management, complete surgical excision of the involved nodes is
recommended and is often curative. Antituberculous therapy should be given postoperatively until culture
reports demonstrate that M. tuberculosis is not present. Clarithromycin and rifampin can be used for
complicated cases where surgical excision is impossible or incomplete.

(e) Bartonella henselae (the cat-scratch agent) adenitis. Most cases resolve spontaneously. There is no
known effective treatment.

6. Epigloattitis (see Chap. 7, p. 225).

D. Lower respiratory tract infections

1. Croup (see Chap. 7, p. 226).

2. Bacterial tracheitis (see Chap. 7, p. 228).

3. Bronchiolitis and bronchitis (see Chap. 7, p. 231).
4. Pertussis

a. Etiology. The etiologic agent is Bordetella pertussis, a fastidious, gram negative pleomorphic bacillus.
A syndrome similar to pertussis may be caused by a closely related bacteria, Bordetella parapertussis
and Bordetella bronchiseptica and some adenoviruses (type 11).

b. Evaluation

(1) A history of a disease characterized by mild upper respiratory symptoms (catarrhal stage) that
progresses to paroxysms of cough (paroxysmal stage), particularly when the cough lasts longer than 2
weeks, is strongly suggestive. An inspiratory whoop is characteristic but is not often heard in young
infants. Posttussive vomiting is common. Cyanosis with coughing episodes is of concern, especially in
young infants.

(2) Nasopharyngeal culture should be obtained whenever the disease is suspected. Positive cultures
may be obtained in the catarrhal or early paroxysmal phases. False-negative cultures are common later
in the disease course or when the patient has been treated with antimicrobials. The culture should be
obtained using a Dacron or calcium alginate swab and inoculated onto special media (Regan-Lowe or
Bordet-Gengou) at the bedside.

(3) Direct immunofluorescent assay (DFA) of nasopharyngeal secretions has variable sensitivity and
specificity.



(4) Serologic tests are available for a number of specific B. pertussis antigens.

(5) Complete blood count will usually reveal an absolute lymphocytosis.

(6) Chest x-ray should be performed to rule out an accompanying pneumonia and other etiologies.

(7) Complications of pertussis include secondary bacterial pneumonia, seizures, and encephalopathy.

c. The diagnosis is confirmed by a positive culture. Serologic tests also confirm the diagnosis if there is a
marked rise in titer between sera drawn at presentation and during convalescence; a single high titer is
also diagnostic. The presence of a marked absolute lymphocytosis (>20,000/mm3) suggests the
diagnosis, but lesser degrees of lymphocytosis are often seen in pertussis as well as in Chlamydia and
viral respiratory infections. A history of cough in a person known to have been exposed to pertussis or
during a documented outbreak is sufficient for the diagnosis when culture is not possible or feasible.

d. Therapy

(1) Supportive care includes avoidance of factors that provoke paroxysms of coughing, humidified
oxygen if necessary, adequate hydration, and suctioning and positioning to assist in the removal of
secretions. Infants less than 6 months old and other children with severe disease should be hospitalized.
(2) Antimicrobial therapy

(a) All patients and their close contacts should be given antibiotics to reduce the potential for transmitting
the infection to others. Erythromycin, 40 to 50 mg/kg/day divided qid, eliminates the organism from the
nasopharynx in 3 to 5 days, but should be continued for 14 days. TMP/SMZ (8-10 mg/kg/day TMP
component) or clarithromycin, 15 mg/kg/day divided bid, can be substituted for patients who cannot

tolerate erythromycin, but their efficacy has not been proved.

(b) Therapy that is begun in the catarrhal phase may shorten the course of the disease, but if therapy
does not begin until the paroxysmal phase it is unlikely to have an effect on the course of the disease.

(c) Secondary bacterial pneumonia should be treated with antimicrobial therapy (see below).
e. Prevention. See Table 5-3 for post exposure prophylaxis measures.

5. Pneumonia

a. Etiology

(1) Neonates. Gram-positive cocci, particularly group B streptococcus and occasionally S. aureus, and
gram-negative enteric bacilli cause most neonatal bacterial pneumonias.

(2) Children 1 month to 5 years of age



(a) Respiratory viruses cause the majority of pediatric pneumonias.
(b) Chlamydia trachomatis causes an afebrile pneumonia in infants under 16 weeks of age.

(c) The major bacterial pathogens in this age group are S. pneumoniae and H. influenzae type b. M.
catarrhalis, group A streptococci, and S. aureus are occasional pathogens.

(3) Children 5 years of age and older
(a) Streptococcus pneumoniae is the major cause of bacterial pneumonia in this age group.

(b) Mycoplasma pneumoniae is a common cause of pneumonia in school-aged children, adolescents,
and young adults.

(c) Chlamydia pneumoniae is a common etiology in adolescents and college students.
(4) Immunocompromised hosts are subject to pneumonia caused by any organism. In addition to the
pathogens described above, Pneumocystis carinii, cytomegalovirus, gram-negative bacteria, and fungi

are common causes of pneumonia in these patients.

(5) Anaerobic bacteria, especially penicillin-sensitive oral anaerobes, can cause pneumonia and lung
abscess in patients who aspirate.

(6) In any age group, S. aureus, group A streptococcus, and S. pneumoniae can cause bacterial
pneumonia after a viral respiratory infection.

(7) Tuberculosis should always be considered as a possible cause of infectious pneumonia, especially in
the child who responds slowly or not at all to antibiotic therapy.

(8) A variety of other agents, such as Francisella tularensis, Legionella, Chlamydia psittaci, and Coxiella
burnetii (Q fever), are rare causes of pneumonia in children.

b. Evaluation

(1) Chest x-ray (posteroanterior and lateral).

(2) Tuberculin skin test by intradermal purified protein derivative with a Candida control.

(3) Sputum or deep tracheal aspirate for Gram's stain and culture is helpful when a good-quality
specimen (a specimen not contaminated with oral secretions) can be obtained. Cultures for bacteria from
the nasopharynx should be interpreted with great caution.

(4) Fluorescent antibody techniques for rapid diagnosis of certain viruses (e.g., respiratory syncytial

virus) are now more widely available. Cultures for respiratory viruses are useful in cases with severe
pneumonia or pneumonia in immunocompromised children.



(5) Blood culture(s) may be positive in children with bacterial pneumonia and thus reveal the etiologic
agent.

(6) Leukocyte and differential counts are occasionally helpful, but are not specific enough to reliably
distinguish bacterial pneumonia from other causes.

(7) A diagnostic thoracentesis if pleural fluid is present.

(8) Serologic titers (acute and convalescent) are not very satisfac- tory for most pathogens, but for
Mycoplasma (cold agglutinin titer > 1:64, or complement fixation titers), group A streptococcus
(antistreptolysin O titer), Chlamydia, Legionella, and Rickettsia (Q fever), they may be the most useful
means to make a presumptive diagnosis.

(9) Rapid diagnostic techniques for bacterial antigens in body fluids.

(10) Bronchoscopy with bronchoalveolar lavage and protected brush biopsy or open lung biopsy is
necessary to establish the etiologic diagnosis to guide antimicrobial therapy in critically ill or
immunocompromised children.

c. The diagnosis is usually established by the chest x-ray and physical signs of consolidation. The
following clinical features may assist in etiologic diagnosis:

(1) A history of conjunctivitis is present in 50% of Chlamydia trachomatis, eosinophilia is common, and
the chest x-ray shows hyperinflation and diffuse interstitial or patchy infiltrates.

(2) Pneumococci commonly cause lobar or segmental consolidation, but bronchopneumonia is not
infrequent. Haemophilus influenzae type b can mimic pneumonia caused by a number of organisms and
is not infrequently associated with extrapulmonary infection.

(3) Group A streptococci can cause a rapidly progressive bilateral pneumonia, often accompanied by
pleural effusion and bacteremia.

(4) Staphylococcus aureus is suggested by rapidly evolving respiratory distress, empyema, and the
characteristic radiologic features of rapid progression, lobular ectasia, and pneumatoceles in a child less
than 3 years old. Even in an extremely ill child, however, the initial x-ray film may demonstrate only faint
local mottling.

d. Therapy (see also p. 232)

(1) Symptomatic care should include oxygen if necessary, maintenance of adequate hydration, high
humidity (such as the use of a humidifier in the home), bronchodilators if bronchospasm is present, and
suctioning of children with an ineffectual cough.

(2) Antimicrobial therapy

(a) Children who are mildly ill with features suggestive of viral disease can be managed without



antibiotics, provided they can be followed closely.
(b) Therapy should be directed toward the most likely pathogens.

(i) Neonates should receive parenteral treatment with a penicillinase-resistant penicillin and an
aminoglycoside or third-generation cephalosporin.

(i) The hospitalized child should be treated with a second- or third-generation cephalosporin or
ampicillin-sulbactam. If an S. aureus pneumonia is suspected, a penicillinase-resistant penicillin (oxacillin,
200 mg/kg/day g4h) should be used in combination with a second- or third-generation cephalosporin.
Clindamycin is an alternative for patients with a history of allergy to beta-lactam antibiotics.
Ampicillin-sulbactam or clindamycin should be used when an aspiration pneumonia is suspected.
Ampicillin alone can be used when infection with S. pneumoniae is strongly suspected and is much
cheaper than any of the above regimens.

(iii) The nonhospitalized child should be given an antibiotic such as amoxicillin that is effective against
both S. pneumoniae and H. influenzae type b. TMP/SMZ, ampicillin-clavulanate, and an oral
second-generation cephalosporin (cefuroxime, cefprozil) are alternatives and also provide staphylococcal
and ampicillin-resistant H. influenzae coverage.

(iv) If Mycoplasma, Chlamydia, or Legionella is suspected, treatment should include erythromycin (30-50
mg/kg/day in 4 daily doses for 10 days). Clarithromycin, 15 mg/kg/day divided bid, is a more expensive
alternative but has fewer gastrointestinal side effects. Tetracycline can be used in children 9 years of age
or older.

(v) If P. carinii pneumonia (PCP) is suspected, the treatment is TMP/SMZ (TMP, 20 mg/kg/day) in four
divided doses IV or PO for 21 days. Pentamidine isethionate, 4 mg/kg IV qd as a single dose for 21 days,
is an alternative for patients with hypersensitivity reactions to TMP/SMZ. Corticosteroids (prednisone, 2
mg/kg/day initially and as a tapering dose over 21 days) should strongly be considered as adjunctive
therapy in any child with PCP that requires oxygen therapy.

(vi) Suspected pulmonary tuberculosis should receive prompt treatment (see p. 147).

(c) Identification of the pathogen or failure to respond to these regimens necessitates reevaluation of the
choice of antibiotics.

(d) The duration of antimicrobial therapy is based on the individual patient's clinical response, but, in
general, staphylococcal pneumonia requires 3 weeks of parenteral therapy followed by 1 to 3 weeks of
oral therapy. Haemophilus influenzae and streptococcal pneumonia usually respond to 1 to 2 weeks of
therapy, and uncomplicated pneumococcal pneumonia will resolve with only 7 days of therapy.

(3) Indications for hospitalization include the following: significant hypoxia, respiratory distress or toxicity,
cyanosis, age under 6 months, empyema or significant pleural effusion, possible staphylococcal

pneumonia, and inadequate home care.

(4) Drainage of an associated empyema, by repeated aspiration or insertion of a chest tube, may be



necessary.
(5) Postural drainage and physiotherapy may be helpful, particularly with underlying bronchiectasis.

(6) Follow-up of the ambulatory patient should be on a day-to-day basis until definite clinical
improvement has occurred.

(7) Radiologic resolution may lag behind clinical improvement, but persistence of radiologic abnormalities
without improvement for more than 4 to 6 weeks should alert the physician to possible underlying
pulmonary disease (e.g., tuberculosis, foreign body, cystic fibrosis).

E. Cardiovascular system
1. Acute rheumatic fever

a. Etiology. Acute rheumatic fever (ARF) is a sequela of pharyngeal infection with a group A
streptococcus, but the exact pathogenesis is still unknown.

b. Evaluation

(1) The history should emphasize antecedent infections, fever, arthralgia, previous episodes of ARF, and
a family history of ARF.

(2) Physical examination should look for evidence of arthritis, rashes, subcutaneous nodules, murmurs,
and neurologic abnormalities.

(3) Laboratory studies should include erythrocyte sedimentation rate (ESR) or C-reactive protein, CBC,
ECG, chest x-ray, streptococcal antibodies (antistreptolysin O, anti-deoxyribonuclease[DNase] B,
anti-NADase, antihyaluronidase), and throat culture.

c. Diagnosis

(1) No single laboratory test, symptom, or sign is pathognomonic, although several combinations are
suggestive of ARF.

(2) According to the revised Jones criteria, ARF is likely in the presence of one major and two minor
criteria or two major criteria plus evidence of a preceding streptococcal infection. Chorea alone may be
sufficient for a diagnosis.

(a) Major criteria

(i) Carditis. The valvular endocardium, myocardium, and pericardium are typically involved together in a
pancarditis. The murmur of mitral insufficiency (apical systolic murmur transmitted to the axilla) is the
most common manifestation of valvular involvement. The murmur of aortic insufficiency (diastolic murmur
at the left sternal border) is also present in some patients. An echocardiographic finding of mitral
insufficiency without an audible murmur is not sufficient for the diagnosis of carditis.



(i) Migratory polyarthritis. The arthritis of ARF is characteristically migratory and particularly affects the
knees, ankles, elbows, and wrists. It rarely affects the spine or the small joints of the hands and feet.

(iif) Subcutaneous nodules are found on the extensor surfaces of the joints and usually occur only in
children with chronic rheumatic heart disease or severe, untreated carditis of several weeks' duration.

(iv) Erythema marginatum is an uncommon finding in ARF and is not specific to the disease.

(v) Chorea occurs long after the preceding streptococcal infection. Emotional instability is a common
associated finding.

(b) Minor criteria

(i) Fever. Rarely above 40°C (104°F); associated with shaking chills.

(ii) Arthralgias. Joint pain without objective findings.

(i) Prolonged P-R interval on the ECG (not in and of itself diagnostic of carditis).
(iv) Increased ESR, C-reactive protein, leukocytosis.

(v) Previous history of ARF or rheumatic heart disease.

(c) Previous evidence of a streptococcal infection includes a positive rapid streptococcal antigen test or
throat culture, elevated levels of antibodies to streptococcal antigens, or a history of scarlet fever.

d. Treatment

(1) Antibiotics. Treatment with penicillin or another antibiotic with activity against streptococci is indicated
in order to eradicate any streptococci.

(2) Anti-inflammatory agents

(a) Aspirin is indicated for arthritis without carditis and possibly for children with mild cardiac involvement.
The dosage of acetylsalicylic acid is 100 mg/kg/day in four to six divided doses for 3 to 4 weeks. The
optimal serum level is about 20 to 25 mg/day. Although salicylates undoubtedly give symptomatic relief,
there is no proof that they alter the course of the myocardial damage.

(b) Corticosteroids have been controversial in the therapy of ARF since their introduction.

(i) Corticosteroids are almost mandatory in patients with severe carditis and congestive heart failure
(CHF). Prednisone, 2 mg/kg/day for 4 to 6 weeks, is given, with tapering over the next 2 weeks.
Corticosteroids reduce inflammation promptly, but there is no conclusive evidence that they prevent
residual valvular damage.



(ii) In patients with carditis without cardiomegaly or CHF, the use of corticosteroids instead of salicylates
remains controversial and more a matter of personal preference.

(3) Anticongestive measures, including digitalis, should be used in patients with ARF in the same fashion
as in other patients with CHF, despite possible increased sensitivity of the inflamed myocardium.

(4) Bed rest is accepted during the acute phase when CHF is present. In the absence of objective data of
CHF, we think it is prudent to keep children on limited activity until the ESR returns to normal.

(5) Children with chorea should be moved to a quiet environment and should be protected against
self-inflicted injury due to uncontrollable movements. Drug treatment with phenobarbital, chlorpromazine,
diazepam, and haloperidol has been tried, with varying success.

e. Prevention of recurrences of ARF

(1) All children with documented ARF with or without carditis-and all those with rheumatic heart
disease-should receive prophylaxis against recurrences of ARF.

(2) Any of the following approaches is acceptable, provided compliance is assured. If severe residual
heart disease is present or the patient is unreliable, the first alternative is preferable.

(a) Benzathine penicillin, 1.2 million units every 3 to 4 weeks (some data indicate that every 3 weeks is
more effective).

(b) Penicillin G or V, 200,000-250,000 U PO qd-bid

(c) Sulfadiazine, 0.5 mg per day for those weighing under 30 kg; 1 gm per day for those weighing over 30
kg

(d) Erythromycin, 250 mg PO bid, in patients sensitive to both sulfonamides and penicillin

2. Infective endocarditis. In children, congenital heart disease is present in most cases of bacterial
endocarditis. Predisposing lesions include tetralogy of Fallot, ventricular septal defect, patent ductus
arteriosus, aortic stenosis, transposition of the great vessels, and coarctation. Endocarditis in children
with rheumatic heart disease (RHD) is uncommon in the United States, but may be seen in areas where
RHD is prevalent. Endocarditis may also be seen in the setting of damage to the tricuspid valve caused
by intravascular catheters. A prior event leading to bacteremia (e.g., dental manipulation or infection) or
prior cardiac surgery is frequently, although not always, implicated as a precipitating factor.

a. Etiology
(1) Alpha-hemolytic streptococcus is the most common etiology.

(2) Staphylococcus aureus is the second most common etiology and can occur in children without
underlying structural heart disease. It is the most common etiology in intravenous drug users.



(3) Enterococcus, S. pneumoniae, group A streptococci, Haemophilus species, other fastidious
organisms, anaerobes, gram-negative bacilli, and fungi are rare causes.

(4) In the first several months after cardiac surgery, S. aureus, Staphylococcus epidermidis,
Enterococcus, and gram-negative bacteria are the most common causes.

(5) Staphylococcus epidermidis is a common etiology in children with prosthetic valves.
b. Evaluation

(1) The history should focus on fever (particularly its duration, height, and time of onset), malaise, and
symptoms of embolism to the eyes, skin, brain, or kidneys.

(2) Physical examination should emphasize auscultation for new or changing murmurs; cutaneous
manifestations, such as petechiae, splinter hemorrhages, Osler's nodes, and Janeway lesions;

splenomegaly; and, if indicated, needle marks from illicit drug use.

(3) Blood cultures. Properly obtained and incubated blood cultures are critical for diagnosis and
treatment since therapy will be guided by the specific organism isolated and by susceptibility testing.

(a) In a child who is not critically ill, three to six separate blood cultures should be obtained over a
48-hour period from different sites before therapy is started.

(b) In the seriously ill child who requires immediate therapy, three sets of blood cultures should be
obtained.

(c) Because bacteremia is continuous in endocarditis, there is no advantage to culturing only with
temperature spikes or to drawing blood for culture from arteries rather than veins.

(d) Blood cultures should be incubated for 4 weeks to enable detection of fastidious organisms.
(e) Isolates should be saved for bactericidal testing.

(4) Laboratory studies should include a CBC, ESR, and urinalysis.

(5) A chest x-ray should be performed to look for cardiac enlargement.

(6) A baseline electrocardiogram should be obtained.

(7) Echocardiographic evaluation is helpful if a vegetation is visualized, but a negative study does not
rule out the diagnosis.

c. The diagnosis is established by one or more positive blood cultures in association with a compatible
clinical picture. The bacteremia is typically low grade and continuous; consequently, the majority
(85-90%) of blood cultures are positive. The development of a new regurgitant murmur and extracardiac
findings indicating systemic emboli or vasculitis are highly suggestive of the diagnosis. Splenomegaly is



common. While non-specific, characteristic laboratory abnormalities, such as anemia, leukocytosis with a
shift to the left, elevated ESR, microscopic hematuria, and hyperglobulinemia, support the diagnosis.
When the blood cultures are negative, a presumptive diagnosis is based on the typical clinical syndrome.
The previous distinction between acute and subacute endocarditis has been discarded; classification
based on the specific organism causing the infection is preferred.

d. Therapy
(1) Antibiotics

(a) If the diagnosis is clinically evident, initiation of antibiotics should begin while the results of the blood
cultures are still pending.

(b) Empiric therapy

(i) If viridans streptococci or enterococci are suspected, therapy with penicillin or ampicillin plus
gentamicin should be initiated.

(ii) If S. aureus is suspected, a penicillinase-resistant penicillin or vancomycin plus gentamicin should be
initiated immediately.

(i) In postoperative cases or in children with prosthetic valves, vancomycin and gentamicin should be
initiated.

(c) For viridans streptococci and Streptococcus bovis that is susceptible to penicillin (minimum inhibitory
concentration [MIC] £ 0.1 pg/ml):

(i) Aqueous crystalline penicillin G, 150,000-200,000 units/kg/day (maximum 20 million units/day) IV
continuously or divided g4h for 4 weeks.

(i) Aqueous crystalline penicillin G (dose as above) for 2 to 4 weeks, plus gentamicin, 2.0 to 2.5 mg/kg
(maximum 80 mgq) IV or IM g8h, or streptomycin, 15 mg/kg (maximum 500 mg) IM g12h for the first 2
weeks of therapy.

(iii) Cephalothin, 100 to 150 mg/kg/day (maximum 12 g/day) IV divided g4-6h, or cefazolin, 80 to 100
mg/kg/day (maximum 3 g/day) IV divided g8h, can be used in patients with manifestations of penicillin
allergy other than immediate hypersensitivity.

(iv) Vancomycin, 40 mg/kg/day (maximum 2 g/day unless serum levels indicate higher dosing) IV divided
g6-12h for 4 weeks, can be used in patients with a history of immediate hypersensitivity to beta-lactam
antimicrobials.

(d) For staphylococci that are susceptible to methicillin and in the absence of prosthetic material:

(i) Nafcillin or oxacillin, 150 to 200 mg/kg/day (maximum 12 million units/day) IV continuously or divided
g4-6h for 4 to 6 weeks with the optional addition of gentamicin (as dosed above) for the first 3 to 5 days of



therapy.

(i) Cefalothin or cefazolin (as dosed above) for 4 to 6 weeks with the optional addition of gentamicin (as
dosed above) for the first 3 to 5 days of therapy can be used in patients with manifestations of penicillin
allergy other than immediate hypersensitivity.

(iii) Vancomycin (as dosed above) for 4 to 6 weeks can be used in patients with a history of immediate
hypersensitivity to beta-lactam antimicrobials.

(e) Serum bactericidal tests are helpful in guiding therapy in difficult cases. A serum bactericidal level of
1:8 or greater at the time of peak antibiotic concentration is desirable. We do not routinely use bactericidal
testing in uncomplicated cases of endocarditis caused by viridans streptococci that are fully sensitive to
penicillin.

(2) Monitoring

(a) Blood cultures during antibiotic treatment should be obtained to document clearing of the bacteremia,
particularly for difficult-to-treat organisms. Repeat blood cultures after therapy is complete are a traditional
part of follow-up.

(b) Daily physical examinations for new or changing murmurs and evidence of embolization are
necessary in the acute period. Once a clinical response has been achieved, these examinations can be
spaced out.

(c) Fever may persist for 5 to 7 days despite adequate antibiotic therapy.
(d) ESR should be checked at weekly intervals.

(3) Surgical replacement of the infected valve, when indicated, may be lifesaving. The indications for
surgery in endocarditis include congestive heart failure refractory to medical therapy, more than one
major embolic episode, worsening valve function, ineffective therapy (as in fungal endocarditis), mycotic
aneurysm, and most cases of prosthetic valve endocarditis.

e. Prevention of endocarditis. Prophylactic antibiotic regimens are outlined in Table 5-4. The choice of
regimen should be individualized according to both the risk of the underlying heart disease and the risk of
the procedure. The regimens that require parenteral administration of potentially toxic antibiotics should
be reserved for high-risk situations.

(1) Patients with prosthetic heart valves or grafts are at highest risk; patients with rheumatic heart
disease are also at high risk. Patients with congenital heart diseases, such as ventricular septal defect,
atrial septal defect, patent ductus arteriosus, and the "click-murmur" syndrome, are at lower risk.

(2) High-risk procedures are dental manipulations, especially surgery and tooth extractions in patients
with poor oral hygiene, and manipulations of the infected genitourinary tract, especially when enterococci
are present. Procedures such as bronchoscopy, endoscopy, proctosigmoidoscopy, barium enemas, and
liver biopsies may be associated with bacteremia but have a lower risk.



3. Myocarditis (see Chap. 10, p. 316).

4. Pericarditis (see Chap. 10, p. 317).

F. Gastrointestinal and abdominal infections
1. Bacterial and protozoal causes of diarrhea

a. Etiology. This section discusses diarrhea caused by bacteria and protozoa that are common in the US.
Amebiasis is discussed in 2 below.

(1) Bacterial agents common in the US are Salmonella enteritidis, Shigella sonnei, and, in some areas,
Campylobacter fetus subspecies jejuni. Escherichia coli 0157:H7, the prototype of enterohemorrhagic E.
coli (EHEC), has been associated with an increasing number of outbreaks and sporadic cases throughout
the US. Other agents include Yersinia enterocolitica, Aeromonas hydrophila, and Vibrio parahaemolyticus
(which causes shellfish poisoning). Diarrhea caused by enterotoxigenic E. coli (ETEC) and
enteropathogenic E. coli (EPEC) is uncommon in the US.

(2) Protozoal agents common in the US are Giardia lamblia and Cryptosporidium parvum. Infection with
these organisms is common in young children and in older children and in adults who care for young
children. Waterborne outbreaks have been described. Entamoeba histolytica is discussed in a separate
section (see p. 120).

(3) Antibiotic-associated colitis (pseudomembranous colitis) is caused by C. difficile toxin, produced as
the organism overgrows the residual gut flora of antibiotic-treated patients.

(4) Traveler's diarrhea, a self-limited disease that lasts for several days, is usually caused by ETEC,
although Shigella and Salmonella, other bacteria, viruses, and G. lamblia have been implicated. Vibrio
cholerae infection is very uncommon in travelers, but should be considered in children with watery
diarrhea shortly after they return from endemic areas.

(5) Food poisoning can be caused by several bacteria (usually toxin producing), including staphylococci,
Clostridium perfringens, Clostridium botulinum (botulism), V. parahaemolyticus, and Bacillus cereus.
Diarrhea is an associated symptom with food poisoning, but other symptoms, such as vomiting and
hypotonia (botulism), are usually more prominent.

b. Evaluation

(1) The history should include an assessment of potential epidemiologic exposures; the character,
frequency, and duration of the abnormal stools; associated symptoms such as abdominal pain and
tenesmus; and the patient's state of hydration.

(2) Examination should include assessment of hydration status, toxicity, and abdominal tenderness.

(3) A stool guaiac test should be performed to detect occult blood.



(4) Microscopic examination for fecal leukocytes should be performed.

(5) Stool cultures are indicated in the presence of significant numbers of fecal leukocytes, bloody stools,
toxicity, severe diarrhea, chronic disease or impaired host defenses, diarrhea in neonates and young
infants (<3 months of age), and epidemic diarrhea. Stool cultures handled routinely will identify
Salmonella and Shigella. If Campylobacter, Yersinia, or Vibrio is suspected, the laboratory should be
alerted.

(6) Stool examination for ova and parasites should be performed if Giardia or Cryptosporidium is
suspected. An enzyme-linked immunosorbent assay (ELISA) for Giardia antigen performed on stool is
more sensitive than traditional stool examination.

(7) An assay for C. difficile toxin should be performed in patients with significant diarrhea during or after
antimicrobial treatment.

(8) Special isolation and latex agglutination tests can be performed to identify E. coli 0157:H7; however,
the microbiology laboratory must be alerted to perform these tests.

(9) Blood cultures should be obtained in hospitalized patients with fever and diarrhea.

(10) Toxin-producing E. coli (ETEC) is reliably identified only by special assay for enterotoxin.

c. Diagnosis

(1) The presence of fever, abdominal pain, bloody stool, and fecal leukocytes strongly suggests an
inflammatory diarrhea. Lack of fever or systemic toxicity and watery stools with no blood or fecal
leukocytes suggest a secretory diarrhea.

(2) Traveler's diarrhea is a nonspecific definitional diagnosis and generally refers only to a mild to
moderate secretory diarrhea in a traveling child. Children with fever, abdominal tenderness, or systemic

illness should be investigated thoroughly to determine the specific cause.

(3) Antibiotic-associated diarrhea is another definitional diagnosis. If diarrhea is significant, tests should
be done to determine whether C. difficile toxin is responsible.

(4) In food poisoning the contaminating organism can be inferred from the incubation period (time from
ingestion to onset of symptoms)-for S. aureus, 3 to 6 hours, but as early as 30 minutes; for C.
perfringens, 1 to 25 hours, usually 8 to 12 hours; and for Salmonella, 12 to 18 hours, up to 72 hours-or
from careful epidemiologic history and the physical signs as with botulism.

d. Therapy. Rehydration and correction of electrolyte disturbances represent the first priority of
management (see Chap. 4).

e. Antimicrobial therapy



(1) Salmonella enteritidis. Because antibiotics may prolong the carrier state, most patients with
Salmonella in the stool are not treated. Indications for treatment are infection in infants less than 3
months of age, immunodeficiency, hemoglobinopathy, chronic inflammatory bowel disease, severe
toxicity, and enteritis with bacteremia if fever and toxicity persist by the time the positive blood culture is
obtained. Antibiotic choice should be directed by local resistance patterns and susceptibility testing on the
specific isolate. Options include

(a) Oral therapy

(i) Amoxicillin can be used if the isolate is susceptible.

(ii) TMP/SMZ is our choice for empiric therapy.

(iii) Cefixime is an alternative.

(iv) Ciprofloxacin can be used for multiply resistant organisms.

(b) Parenteral therapy

(i) Ampicillin can be used if the isolate is susceptible.

(ii) Cefotaxime or ceftriaxone is our first choice for empiric therapy.

(iif) Chloramphenicol is an alternative.

(iv) Ciprofloxacin can be used for multiply resistant organisms.

(2) Shigella sonnei

(a) Amoxicillin can be used if the isolate is susceptible, but this is uncommon.

(b) TMP/SMZ is our choice for empiric therapy.

(c) Cefixime is an alternative.

(d) Ciprofloxacin can be used for multiply resistant organisms

(e) Antidiarrheal drugs should be avoided.

(38) Campylobacter can be treated with erythromycin (40 mg/kg/day PO g6h for 5-7 days) if symptoms
have not resolved by the time the culture result is available.

(4) Yersinia can be treated with TMP/SMZ (10 mg TMP/kg/day PO g6h for 5-7 days) if symptoms have
not resolved by the time the culture result is available.

(5) Treatment of diarrhea caused by E. coli 0157:H7 is controversial. Additional data are needed before



recommendations can be given.

(6) Giardia. Options are

(a) No treatment; many cases will resolve spontaneously.

(b) Furazolidone (5 mg/kg/day in divided doses gid for 7-10 days) is available in suspension.

(c) Metronidazole (15 mg/kg/day in divided doses tid for 5-10 days, maximum 750 mg/day) is effective.

(d) Quinacrine (6-9 mg/kg/day in divided doses tid for 5-7 days, maximum 300 mg/day) is the most
effective but tastes bitter and has more side effects.

(e) Treatment failures can be treated again with the same medication.

(7) Cryptosporidium. Most cases recover spontaneously. No therapy has been conclusively established
as effective.

(8) Traveler's diarrhea

(a) Most cases resolve spontaneously. TMP/SMZ can be used empirically and usually decreases the
duration of symptoms.

(b) Vibrio cholerae infection should be treated to reduce the duration of symptoms and infectivity. Options
are

(i) Tetracycline (50 mg/kg/day, maximum 2 g/day, divided qid for 3 days).
(ii) Doxycycline (6 mg/kg, maximum 300 mg, for one dose).

(iii) TMP/SMZ (10 mg TMP/kg/day divided bid for 3 days).

(iv) Furazolidone (5-8 mg/kg/day divided tid for 3 days).

(c) Preventing infection by drinking only boiled or carbonated water or other processed beverages and
avoiding unpeeled fruits, salads and ice is the best approach.

(d) We do not advocate prevention using pharmacologic agents.

(9) Antibiotic-associated colitis (pseudomembranous colitis)

(a) Withdrawal of the implicated antibiotic is sufficient in most mild cases.

(b) When the presence of C. difficile toxin in the stool has been confirmed, there are two options:

(i) Oral metronidazole (35 mg/kg/day in four divided doses) is cheap and is usually effective.



(i) Oral vancomycin (40 mg/kg/day in 4 divided doses) is expensive and is believed by some experts to
be more effective. We use this agent in severe or relapsed cases.

(c) Therapy should be continued for 7 to 10 days

(d) Follow-up stool tests for the toxin are necessary only if symptoms persist.

(e) Relapses are common and require retreatment.

(10) Food poisoning is treated symptomatically with fluid replacement and antiemetics.

2. Amebiasis

a. Etiology. Amebiasis is worldwide in distribution, and the human is the only known host. Sporadic
localized epidemics occur in the United States, and the disease is endemic in many institutionalized
populations.

b. Evaluation and diagnosis

(1) Intestinal amebiasis

(a) Intestinal amebiasis varies in presentation from the asymptomatic carrier state (by far the most
common) to fulminant colonic disease.

(i) Mild colonic infection is characterized by alternating diarrhea and constipation.

(i) Amebic dysentery presents most frequently as subacute iliness. Mild tenderness, bloody diarrhea,
low-grade fever, weakness, and malaise are characteristic. The tempo of the illness may clinically
distinguish it from more acute, bacillary dysentery. Abdominal tenderness is common, particularly over
the sigmoid and cecal areas; appendicitis is sometimes erroneously diagnosed.

(b) Confirmation in acute cases is obtained by demonstrating motile amebic trophozoites in fresh stool, or
cysts in the carrier state. Proctoscopy may be useful if multiple stool samples are negative.

(c) Erythrocytes are plentiful and leukocytes are minimal in the stool, which is helpful in distinguishing
between amebic and bacillary dysentery.

(d) Eosinophilia is not found.

(2) Extraintestinal amebiasis most commonly affects the liver.

(a) Disease may occur without the signs or symptoms of intestinal infection. Fever, chills, or enlarged
tender liver, elevated right diaphragm, minimal liver function abnormalities, and the finding of a filling

defect on liver scan are highly suggestive. Of all amebic abscesses, 95% are single and situated in the
upper part of the right lobe of the liver.



(b) Serologic tests for invasive amebiasis (indirect hemagglutination, counter immunoelectrophoresis,
complement fixation) are extremely accurate.

(c) Percutaneous liver aspiration is recommended in large abscesses only. Aspirated material may show
amebas. However, their absence does not rule out hepatic infection because organisms tend to be
located at the margins of the abscess.

(d) A therapeutic trial is an accepted diagnostic measure in a severely ill patient.

c. Therapy. All stages of amebiasis are treated.

(1) Asymptomatic carrier state

(a) Diiodohydroxyquin, 30 to 40 mg/kg/day in divided doses tid for 20 days (maximum 2 g/day), or

(b) Diloxanide furoate, 20 mg/kg/day in divided doses tid for 10 days (maximum 1.5 g/day).

(2) Intestinal infection

(a) Metronidazole, 35 to 50 mg/kg/day in divided doses tid for 10 days (maximum 2.25 g/day).

(b) As a second choice, paromomycin, 25 to 30 mg/kg/day in divided doses tid for 5 to 10 days, can be
used alone.

(c) In severe cases, use metronidazole, 35 to 50 mg/kg/day in divided doses tid for 10 days (maximum
2.25 g/day), and diiodohydroxyquin as above. For alternative therapy, use dehydroemetine hydrochloride,
1.0 to 1.5 mg/kg/day intramuscularly for 5 days (maximum 90 mg/day), and diiodohydroxyquin as above.
(3) Hepatic infection

(a) Metronidazole, as in sec. (2), and

(b) Diiodohydroxyquin, as in sec. (1), or

(c) Dehydroemetine, as in sec. (2), followed by

(d) Chloroquine phosphate, 10 mg base/kg/day for 21 days (maximum 300 mg base/day), and

(e) Diiodohydroxyquin, as in sec. (1).

(4) In addition to specific amebicidal therapy, supportive care is important in invasive amebiasis.

(5) Follow-up stool examinations should be done at 1- and 2-month intervals to ensure that a cure has
been achieved.



3. Hepatitis can be caused by a wide range of viruses, most commonly hepatitis A, hepatitis B, or
hepatitis C (which accounts for most of what was formerly called non-A, non-B hepatitis). Hepatitis delta
virus causes hepatitis only in conjunction with hepatitis B virus infection and is not common in the US.
Hepatitis E virus is transmitted enterically and has not been reported in the US although cases have
occurred in travelers. Other viruses that can cause hepatitis include Epstein-Barr virus, cytomegalovirus,
and coxsackieviruses A and B. There is no specific therapy for hepatitis A, B, C, delta, or E. See Table
5-3 for postexposure prophylaxis.

G. Genitourinary infections

1. Urinary tract infections

a. Etiology

(1) First infections are most commonly caused by E. coli.

(2) Other pathogens include Proteus, Klebsiella, Pseudomonas, Streptococcus faecalis, S.
saprophyticus, and S. aureus.

(3) Candida species cause infections in hospitalized patients.
b. Evaluation

(1) History includes dysuria, frequency, urgency, and flank pain. Previously toilet-trained small children
may be enuretics. Fever may suggest pyelonephritis.

(2) Physical examination should include blood pressure measurement, a search for congenital
malformations, and a careful examination of the abdomen, genitalia, and perineum.

(3) Laboratory studies

(a) Urine microscopy can provide an accurate provisional diagnosis of UTI if used to quantitate the
concentration of bacteria in a fresh, clean sample: One or more bacteria per oil field in gram-stained,
uncentrifuged urine are equivalent to 105 colonies/ml. The presence of numerous bacteria per
high-power field in the centrifuged urine sediment does not necessarily indicate infection.

(b) Urinalysis is a critical component of the evaluation.

(i) Pyuria is not specific for bacterial infection but is usually present in UTI.

(i) Microscopic hematuria is common.

(iii) Proteinuria and gross hematuria are uncommon with UTI.

(iv) White blood cell casts may be present in pyelonephritis.



(c) Urine culture provides proof of infection, provided the specimen is collected properly and interpreted
appropriately. A negative culture is helpful in ruling out infection.

(i) Infected urine will generally contain more than 105 colonies/ml (except in some neonates, in whom
>104 colonies may indicate infection).

(i) Repetition of cultures increases diagnostic precision in all age groups. A single, midstream,
clean-catch specimen will accurately predict the presence of UTI 80% of the time; two consecutive
positive cultures increase the accuracy to 95%.

(iii) Diagnostic precision is greatest with urine obtained by suprapubic bladder aspiration, for which any
growth of bacteria should be considered significant, or sterile catheterization, for which more than 104
colonies/ml are significant. In skilled hands, both procedures are safe. While cultures of urine specimens
obtained by collection of urine in an externally placed bag may be helpful if they are negative, they are
contaminated so often that they are nearly useless in directing management. Cultures obtained in this
manner should not be used for any infant who will be started on antibiotic therapy before culture results
are available.

(iv) Contaminated cultures usually contain several species in concentrations less than 105 colonies/ml,
but they may contain more than 105 colonies/ml of a single species.

(v) Urine specimens should be processed promptly or refrigerated at 4°C and cultured right away to
avoid growth of contaminants.

(d) A blood culture should be obtained in patients with pyelonephritis and in neonates or young infants
with UTI.

(e) Serum electrolytes, BUN, and creatinine should be checked in all patients experiencing their first UTI.
(f) A renal ultrasound is indicated when pyelonephritis is suspected.

c. The diagnosis is based on the results of the urine culture, urinalysis, and clinical findings.
Asymptomatic bacteriuria is most common in preschool and school-aged girls. Cystitis is associated with
suprapubic pain, dysuria, frequency, urgency, and enuresis. Pyelonephritis is suggested by high fever,
toxicity, flank pain, and costovertebral angle tenderness and is commonly associated with ureteral reflux.
However, clear differentiation between cystitis and pyelonephritis may be difficult, especially in young
children. The presence of white cell casts in the urine sediment is diagnostic.

d. Therapy

(1) Oral therapy

(a) Uncomplicated UTIs and mild cases of pyelonephritis in older children often respond to oral therapy.

(b) An oral agent should be chosen on the basis of susceptibility results.



(c) Commonly used agents include sulfisoxazole (120-150 mg/kg/ day PO gid), amoxicillin (25 mg/kg/day
PO tid), TMP/SMZ (8 mg/ kg/day TMP PO bid), cefixime (8 mg/kg/day PO qd), and nitrofurantoin (5
mg/kg/day PO qid).

(d) Candidal UTls usually respond to fluconazole (2-6 mg/kg/day PO qd).
(e) Duration of therapy is 10 days.
(2) Parenteral therapy

(a) Infants less than 6 months old, children with moderate or severe pyelonephritis, children with a prior
history of pyelonephritis, and children with compromised renal function should be treated initially with
parenteral antimicrobial agents.

(b) Ampicillin (100-200 mg/kg/day g6h 1V) is effective against many urinary tract pathogens, but is
generally combined with sulbactam or an aminoglycoside for initial therapy of suspected pyelonephritis.
Alternatively, aztreonam, a second- or third-generation cephalosporin, or parenteral TMP/SMZ can be
used.

(c) Clinical improvement should be evident within 48 to 72 hours. Failure to respond should increase
suspicion of an underlying anatomic abnormality or abscess.

(d) Once the patient is afebrile, therapy can be switched to oral antibiotics.

(e) Duration of therapy is usually 10 to 14 days, but severe cases of pyelonephritis may require longer (3
weeks ) therapy.

(3) Adequate hydration of the patient is important.

(4) Continuous bladder drainage by an indwelling catheter should be done only when absolutely
necessary and discontinued at the earliest possible time; a closed drainage system is mandatory.

e. Follow-up of a UTI should be carefully organized because infection tends to recur, often in
asymptomatic form. Recurrence is most likely during the first 6 to 12 months after an infection.

(1) After therapy is discontinued, a follow-up urine culture is indicated 1 week later to document
resolution. Additional cultures are not necessary in uncomplicated cystitis without evidence of reflux. If
reflux is present, follow-up cultures should be performed. We suggest that they be performed every
month during the subsequent 3 months, every 3 months during the next 6 months, and then twice a year.

(2) A voiding cystourethrogram (VCUG) should be obtained in boys of all ages and in girls less than 5
years of age to investigate the possibility of vesicoureteral reflux. The test should be performed when
acute symptoms have resolved but does not need to be delayed for a long time. We usually perform the
test 5 to 14 days after presentation.

(3) A renal ultrasound is indicated in children with vesicoureteral reflux, children with documented or



suspected urologic malformations, or when pyelonephritis is present.

(4) Among patients with significant vesicoureteral reflux, recurrent infection is prevented by prophylactic
antibiotic therapy, which is continued until reflux resolves or is repaired. TMP/SMZ (4 mg TMP/kg/day PO
in one dose) or nitrofurantoin (2 mg/kg/day in one dose) can be used.

(5) Some normal girls experience multiple recurrences of UTI. They should be carefully assessed for
correctable contributing factors. When infections are frequent, socially distressing, or associated with
renal scarring, prophylactic antibiotic therapy is often prescribed for 6 to 12 months. TMP/SMZ (2 mg
TMP/kg/day PO in one dose) or nitrofurantoin (2 mg/kg/day in one dose) can be used.

2. Vulvovaginitis in prepubertal girls (see Chap. 14, p. 418).

3. Vaginal infections (non-sexually transmitted) in postpubertal girls (see Chap. 14, p. 421).

4. Sexually transmitted diseases (STDs). (see also Chap. 14). In evaluating a child or adolescent with a
possible STD, a specific diagnosis should be established whenever possible because of the requirements
for reporting these infections and to facilitate partner notification and treatment. Remember that more
than one infection may be present in a single individual. The ideal is to diagnose and treat each infection,
but in some cases empiric treatment for common coexisting infections (i.e., gonorrhea and chlamydial
infection) is the most practical approach. Because coexisting syphilis and HIV infection may be
asymptomatic, testing for these infections should be offered to all patients with an STD, regardless of the
circumstances or source of the infection. Abstinence from sexual activity during treatment until the period
of contagiousness is past must be emphasized. Counseling regarding the risks of STDs and effective

methods for prevention should be provided. The diagnosis of an STD in a prepubertal child should prompt
an investigation into the probability of child abuse.

a. Genital herpes

(1) Etiology. Usually involves HSV type 2; HSV type 1 occurs less frequently.
(2) Evaluation

(a) Examination for painful vesicular or ulcerative lesions on the genitals.

(b) Tzanck preparation of vesicle base scrapings (not vesicular fluid) to look for multinucleated giant
cells.

(c) Immunofluorescent antibody (IFA) stain of vesicle base scrapings.
(d) Viral culture of a vesicle swab.

(3) The diagnosis can often be made clinically, but a Tzanck preparation, an IFA stain, or viral culture is
easy to perform and establish a definitive diagnosis.

(4) Therapy



(a) First clinical episode. Oral acyclovir shortens both duration of symptoms and shedding of virus in
primary genital herpes infections, but does not affect the risk or severity of subsequent recurrent genital
lesions.

(i) Genital lesions are treated with acyclovir, 200 mg PO five times a day for 7 to 10 days or until clinical
resolution.

(ii) Proctitis is treated with acyclovir, 400 mg PO five times a day for 7 to 10 days or until clinical
resolution.

(i) Topical therapy is less effective.

(b) Recurrent genital lesions

(i) Daily suppressive therapy can reduce the frequency of recurrences by 75% or more in persons with
frequent recurrences (6 or more times per year). However, lesions may develop at the pretherapy
recurrence rate after suppression is discontinued. Suppressive therapy does not eliminate symptomatic
or asymptomatic shedding or the potential for transmission. The safety and efficacy of daily suppressive
therapy for as long as 5 years has been documented and the development of viral resistance to acyclovir
has not been a significant problem. After a year suppression should be stopped to allow assessment of
the frequency of recurrences. The recommended dose for an adult is 400 mg acyclovir PO bid. An
alternative regimen is 200 mg PO three to five times a day with use of the minimum dose that provides

symptomatic relief.

(ii) Initiation of acyclovir at the first sign of recurrence may be helpful for some persons, but is usually of
limited benefit and is not generally recommended.

b. Chancroid

(1) Etiology. Haemophilus ducreyi is the causative agent.

(2) Evaluation

(a) Examination for painful vesicular or ulcerative lesions on the genitals and inguinal adenopathy.
(b) Culture of the ulcer requires special media that are not generally available.

(3) The diagnosis can be made definitively if a painful ulcer and suppurative inguinal adenopathy are
present or by culture. If significant adenopathy is not a prominent finding, a probable diagnosis can be

made if herpes simplex and syphilis are excluded as etiologies.

(4) Therapy. Treatment should result in prompt improvement of symptoms and resolution of the ulcer.
Adenopathy may respond more slowly. Recommended treatment regimens include

(a) Azithromycin, 1 g PO as a single dose.



(b) Ceftriaxone, 250 mg IM as a single dose.
(c) Erythromycin base, 500 mg PO qid for 7 days.

c. Syphilis. This section discusses acquired syphilis. Congenital syphilis is discussed in Chapter 6, p.
205.

(1) Etiology. The infecting organism is Treponema pallidum.

(2) Evaluation

(a) Clinical findings

() In primary infection, an ulcer or chancre is seen at the site of infection.

(ii) Latent infection is the asymptomatic period after the spontaneous resolution of primary infection.

(i) In secondary infection, fever, a polymorphic rash classically involving the palms and soles,
mucocutaneous lesions, lymphadenopathy, splenomegaly, and arthritis are common.

(iv) In tertiary infection, cardiac, neurologic, ophthalmologic, auditory, or gummatous lesions of the bone,
skin, or other organs are seen.

(b) Dark-field examination or direct immunofluorescent antibody stains of exudate from lesions or tissue
are the most specific tests if they are available. This material is infectious and should be handled with
care.

(c) Serologic tests

(i) Nontreponemal tests are used as screening tests for infection since they are inexpensive, easily
performed, and sensitive. They may be falsely negative in early primary, latent, or late congenital syphilis
and falsely positive in other infectious and inflammatory processes. They also correlate with disease
activity and so are useful in monitoring response to therapy. Commonly used tests include RPR,
automated reagin test (ART); and VDRL slide test.

(i) Treponemal tests provide definitive evidence of infection when screening tests are positive. After
infection, these tests remain positive for life and so are not helpful in assessing reinfection or monitoring
the response to therapy. They may be falsely positive in persons with other spirochetal diseases,
including Lyme disease, leptospirosis, rat-bite fever, yaws, and pinta. Two commonly used tests include
the fluorescent treponemal antibody absorption test (FTA-ABS) and the microhemagglutinin test for
antibody to T. pallidum (MHA-TP).

(d) Examination of the CSF is necessary in persons with neurologic or ophthalmologic symptoms, other
manifestations of tertiary syphilis, treatment failure, HIV infection, or serum nontreponemal titers of 1:32
or greater (unless the duration of infection is known to be less than 1 year), and for whom nonpenicillin



therapy will be prescribed (unless the duration of infection is known to be less than 1 year).

(i) The CSF leukocyte count and protein are usually elevated in neurosyphilis.

(i) A CSF VDRL should be obtained when neurosyphilis is suspected.

(e) Slit lamp examination is done in persons with symptoms or signs of ophthalmologic involvement.

(3) A definitive diagnosis is established by a positive dark-field or immunofluorescent stain examination.
A presumptive diagnosis is established by clinical findings and positive serologic testing.

(a) Primary syphilis consists of a chancre at the site of inoculation. During this stage, serologic tests may
be negative, but become reactive during the following 1 to 4 weeks.

(b) Latent syphilis is the term for the asymptomatic period following primary infection. Persons infected in
the preceding year are defined as having early latent syphilis; persons with a duration of infection longer
than a year are defined as having late latent infection.

(c) Secondary syphilis is characterized by fever, malaise, rash, condyloma lata, lymphadenopathy,
splenomegaly, and arthritis.

(d) Tertiary syphilis is characterized by aortitis, neurosyphilis, or gummatous lesions. A reactive CSF
VDRL is diagnostic for neurosyphilis.

(4) Therapy. Extensive experience with penicillin G has shown it to be an effective agent for treatment of
syphilis. Skin testing and desensitization should be considered for persons with a history of penicillin
allergy. The optimal dose, duration, and preparation of penicillin used for therapy of the various stages of
syphilis have been determined primarily by clinical experience. Treatment failures can occur with any
regimen; consequently, response to therapy must be closely monitored. A fourfold increase in
nontreponemal test titers should be considered as a treatment failure or reinfection. Failure of the
nontreponemal test to decline fourfold by 3 months suggests treatment failure. Follow-up examination of
CSF is necessary in persons with neurosyphilis.

(a) Primary and secondary syphilis
() In adolescents and adults, benzathine penicillin G, 2.4 million units IM as a single dose.
(i) In children, benzathine penicillin G, 50,000 units/kg IM, up to the adult dose, as a single dose.

(i) For penicillin-allergic persons, doxycycline, 100 mg PO bid for 14 days, or tetracycline, 500 mg PO
gid for 14 days.

(b) Early latent syphilis. Treatment is as described for primary and secondary syphilis.

(c) Late latent syphilis or latent syphilis of unknown duration



(i) In adolescents and adults, benzathine penicillin G, 7.2 million units total administered as three doses
of 2.4 million units IM each at 1-week intervals.

(i) In children, benzathine penicillin G, 150,000 units/kg total, up to the adult dose, administered as three
doses of 50,000 units/kg IM each at 1-week intervals

(i) For penicillin-allergic persons, doxycycline, 100 mg PO bid for 14 days, or tetracycline, 500 mg PO
gid for 14 days, if the duration of infections is known to be less than one year; otherwise treatment should
be extended to 28 days.

(d) Tertiary syphilis (excluding neurosyphilis). Treatment is as described for latent syphilis.

(e) Neurosyphilis

() In adolescents and adults, aqueous crystalline pencillin G, 12 to 24 million units/day administered as 2
to 4 million units IV g4h for 10 to 14 days, or procaine penicillin, 2.4 million units IM once a day plus

probenecid, 500 mg PO gid for 10 to 14 days.

(i) Some experts administer a dose of benzathine penicillin at the conclusion of therapy to provide a
similar duration of therapy to that of latent syphilis.

(i) For penicillin-allergic persons, treatment regimens are not well established. Desensitization should be
considered.

(f) Syphilis in HIV-infected persons. In general, treatment is the same as for non-HIV-infected persons.
However, HIV-infected persons are at increased risk for neurologic involvement and treatment failure.

Close follow-up for HIV-infected persons is particularly important.

(9) The Jarisch-Herxheimer reaction may occur in the first 24 hours after therapy for any stage of
syphilis. The reaction consists of fever, headache, myalgia, arthralgias, and other symptoms.

(5) Prevention. See Table 5-3 for postexposure prophylaxis measures.
d. Gonorrhea

(1) Etiology. The infecting organism is N. gonorrhoeae.

(2) Evaluation

(a) Clinical findings

(i) Infection in males is almost always symptomatic and is characterized by mucopurulent penile
discharge and dysuria.

(i) In adolescent or adult females, uncomplicated infection is usually asymptomatic, although
mucopurulent cervical or vaginal discharge or vaginal bleeding, or both, may be seen. Symptoms or signs



of pelvic inflammatory disease are seen as a complication of infection in females (see p. 129).
(i) In prepubertal girls, infection may present as purulent vulvovaginitis.

(iv) Disseminated disease in either sex is manifested by fever, petechial or pustular acral skin lesions,
asymmetrical arthralgias, tenosynovitis, or septic arthritis.

(v) Conjunctivitis, hepatitis, endocarditis, and meningitis are rarely seen.

(b) Specimens

() In males, urethral specimens can be obtained by "stripping"” the penis.

(i) In females, pelvic examination should be performed to evaluate cervical and adnexal tenderness and
to obtain a specimen from the cervix. Specimens should be collected during routine examination of
high-risk women in order to identify asymptomatic infection.

(i) In prepubertal girls, vaginal discharge is an adequate specimen.

(iv) The rectum and pharynx should be cultured in both males and females.

(c) Gram stain should be performed to document the number of white blood cells (35 WBCs per
high-power field are seen in urethritis and cervicitis) and to look for gram-negative intracellular diplococci.

(d) Culture

(i) Specimens should be inoculated onto prewarmed Thayer-Martin media and placed in a high carbon
dioxide 2 atmosphere (e.g., candlejar) or in a special packet with a CO2-generating pellet.

(i) Transport medium should be used when direct cultures are not practical.

(e) Blood culture should be performed in suspected disseminated infection.

(f) Examination of synovial fluid is useful in cases with frank arthritis. Test should include

(i) Culture as described above.

(i) Cell count and differential.

(iii) Glucose.

(3) The diagnosis of gonorrhea is made by the demonstration of gram-negative intracellular diplococci on
Gram's stain of appropriately obtained specimens or by isolation of the organism in culture. Disseminated

disease is diagnosed by clinical findings; isolation of the organism from clinical specimens establishes a
definitive diagnosis.



(4) Therapy

(a) Uncomplicated infection in adolescents or adults. Any of the regimens listed below is effective for
genital and anal infection. Pharyngeal infection should be treated with ceftriaxone or ciprofloxacin.

(i) Ceftriaxone, 125 mg IM as a single dose, or
(ii) Cefixime, 400 mg PO as a single dose, or
(iii) Ciprofloxacin 500mg PO as a single dose, or
(iv) Ofloxacin, 400 mg PO as a single dose, plus

(v) A regimen effective against possible infection with C. trachomatis, such as doxycycline, 100 mg PO
bid for 7 days.

(vi) Alternative treatment regimens using other injectable or oral cephalosporins, other quinolones, and
spectinomycin are available but are either not as effective or not studied as extensively.

(b) Uncomplicated infection in prepubertal children. Any of the regimens listed below is effective for
genital and anal infection. Pharyngeal infection should be treated with ceftriaxone or ciprofloxacin.

(i) Ceftriaxone, 125 mg IM as a single dose, plus

(i) A regimen effective against possible infection with C. trachomatis, such as erythromycin, 40
mg/kg/day PO divided bid for 7 days.

(c) Conjunctivitis (nonneonatal). A single dose of ceftriaxone, 1 g IM, is effective.

(d) Disseminated infection

(i) In adolescents, ceftriaxone, 1 g IV or IM once a day, or cefotaxime, 1 g IV q8h, or ceftizoxime, 1 g IV
g8h for 7 days, plus a regimen effective against possible infection with C. trachomatis as described
above.

(i) In children, ceftriaxone, 50 mg/kg IV or IM once a day, or cefotaxime, 1 g IV g8h, or ceftizoxime, 1 g
IV g8h for 7 days, plus a regimen effective against possible infection with C. trachomatis as described
above.

(e) Meningitis and endocarditis

() In adolescents, ceftriaxone, 1 to 2g IV bid for 10 to 14 days for meningitis and for 4 weeks for
endocarditis

(i) In children, ceftriaxone, 50 mg/kg IV once or twice a day for 10 to 14 days for meningitis and for 4
weeks for endocarditis



(f) Follow-up. Test of cure cultures are not necessary in uncomplicated cases. Infection after treatment is
usually due to reinfection rather than treatment failure.

(5) Prevention. See Table 5-3 for postexposure prophylaxis measures.
e. Chlamydia genital infection

(1) Etiology. The infecting organism is usually C. trachomatis.

(2) Evaluation

(a) Clinical findings

(i) Infection in males is characterized by mucopurulent penile discharge and dysuria but may be
asymptomatic.

(i) In adolescent or adult females, uncomplicated infection is usually asymptomatic. Symptoms or signs
of pelvic inflammatory disease are seen as a complication of infection in females (see p. 130).

(i) In prepubertal females, infection may present as vaginitis.

(b) Specimens should be obtained as described for gonorrhea. (see sec. d below).

(c) A Gram's stain and culture should be performed to exclude gonorrhea.

(d) Tests for C. trachomatis (see also Chap. 14, p. 418)

(i) Culture (most reliable).

(ii) Direct immunofluorescence test looking for basophilic, intracytoplasmic inclusion bodies.
(i) Indirect immunofluorescence antibody test.

(iv) ELISA.

(v) DNA probe.

(3) The diagnosis is dependent on clinical manifestations and laboratory results.

(4) Therapy

(a) In adolescents and adults, a number of effective regimens are available. Clinical experience is

greatest with doxycycline. Azithromycin offers the benefit of single-dose therapy. Erythromycin and
sulfisoxazole are less effective.



(i) Doxycycline, 100 mg PO bid for 7 days.
(ii) Azithromycin, 1 g PO as a single dose.
(i) Ofloxacin, 300 mg PO bid for 7 days.

(iv) Erythromycin base, 500 mg PO qid for 7 days or erythromycin ethylsuccinate, 800 mg PO qid for 7
days.

(v) Sulfisoxazole, 500 mg PO qid.

(b) In children, treatment regimens are generally limited to erythromycin. Since the effectiveness of
erythromycin is approximately 80%, a second dose may be necessary.

() In children less than 45kg, 50 mg/kg/day PO divided qid for 10 to 14 days.

(ii) In children 45 kg or greater but less than 8 years of age, erythromycin base, 500 mg PO qid, or
erythromycin ethylsuccinate, 800 mg PO qid for 7 days.

(iii) In children 8 years or older, adult treatment regimens of doxycycline.

(c) Follow-up. Test of cure cultures are not necessary in uncomplicated cases unless symptoms persist
or reinfection is likely.

(5) Prevention. See Table 5-3 for postexposure prophylaxis measures.

f. Pelvic inflammatory disease (PID). PID comprises a group of infections of the upper female genital
tract, including endometritis, salpingitis, tuboovarian abscess, and pelvic peritonitis.

(1) Etiology. Neisseria gonorrhoeae and C. trachomatis are responsible for the majority of cases.
However, other flora of the female genital tract can cause PID, including gram-positive and gram-negative
anaerobes, gram-negative enteric rods, Gardnerella vaginalis, group B streptococci, Mycoplasma
hominis, and Actinomyces israelii.

(2) Evaluation

(a) A history of acute lower abdominal pain with vaginal discharge, fever, and chills suggests the
diagnosis. Symptoms may be mild. The menstrual period is often a precipitating factor.

(b) Pelvic examination findings include cervical motion or adnexal tenderness, and sometimes a mass.

(c) Specimens for Gram's stain, culture, and tests for C. trachomatis should be obtained as described
above.

(d) Other laboratory tests



(i) A peripheral WBC should be obtained.
(ii) An ESR should be obtained.
(e) Ultrasound can help delineate the location and extent of infection.

(f) Laparoscopy is useful in obtaining a more accurate assessment of the involvement of the fallopian
tubes and ovaries and to obtain cultures.

(9) If surgical drainage is required, intraoperative cultures should be obtained.

(3) Diagnosis. Minimal criteria are the presence of lower abdominal pain, cervical motion tenderness,
and adnexal tenderness. Additional criteria that improve the specificity of a clinical diagnosis include
fever, abnormal cervical or vaginal discharge, elevated ESR or C-reactive protein, and laboratory
documentation of infection with N. gonorrhoeae or C. trachomatis. Ultrasound, laparoscopy, and
endometrial biopsy are helpful in establishing a definitive diagnosis.

(4) Therapy. Empiric therapy should not be delayed awaiting additional evaluation or culture results.

(a) Absolute indications for admission to the hospital include toxicity, uncertain diagnosis, suspected
pelvic abscess, signs of peritonitis, pregnancy, inability to take oral medications, failure of response to
outpatient therapy, and poor follow-up arrangements. Because of the long-term complications associated
with poor compliance, many experts recommend hospitalization for all cases.

(b) A variety of regimens have proved effective for reducing symptoms; however, the efficacy of
treatment regimens in eradicating infection in the fallopian tubes or in reducing long-term consequences,
such as infertility, have not been determined.

(c) Inpatient therapy must be individualized, and surgical drainage may be necessary. Some regimens
for PID follow.

(i) Cefoxitin, 2.0 g IV g6h, or cefotetan, 2 g IV q12h, plus doxycycline, 100 mg IV or PO bid. Continue for
at least 48 hours after the patient's condition improves. Then continue doxycycline, 100 mg PO bid, to
complete 10 to 14 days total therapy.

(i) Clindamycin, 900 mg IV g6h, plus gentamicin, 2 mg/kg IV or IM as the first dose and followed by 1.5
mg/kg q8h, plus doxycycline, 100 mg IV bid. Continue IV drugs at least 48 hours after the patient's
condition improves. Then continue doxycycline, 100 mg PO bid, to complete 10 to 14 days total therapy.
Therapy may be completed with oral clindamycin to provide improved anaerobic coverage in cases of
tuboovarian abscess, but the efficacy of this agent against C. trachomatis is not well established.

(iif) Ampicillin-sulbactam plus doxycycline and ofloxacin administered IV has been effective, but has not
been studied extensively.

(iv) Sufficient evidence is not present for use of a single agent for inpatient treatment.



(d) Outpatient therapy

(i) Cefoxitin, 2 g IM, accompanied by probenecid, 1 g PO as a single dose, or ceftriaxone 250 mg IM,
plus doxycycline, 100 mg PO bid for 10 to 14 days.

(i) Ofloxacin, 400 mg PO bid for 14 days, plus either clindamycin, 450 mg PO qid, or metronidazole, 500
mg PO bid for 14 days.

(e) Follow-up

(i) Patients should be reevaluated in 2 to 3 days; those who do not respond favorably should be
hospitalized.

(ii) Microbiologic reevaluation 7 to 10 days after completing therapy should be performed. The need for
additional microbiologic evaluation in not established, but practitioners should reassess the potential for
reinfection frequently.

(5) Prevention. See Table 5-3 for postexposure prophylaxis measures.

g. Epididymitis

(1) Etiology. Neisseria gonorrhoeae and C. trachomatis account for the majority of sexually transmitted
causes of epididymitis. Escherichia coli can cause infection after anal intercourse.

(2) Evaluation
(a) A history of unilateral testicular pain and tenderness is characteristic. Urethritis is common.

(b) Specimens for Gram's stain, routine culture and culture for N. gonorrheae, and tests for C.
trachomatis should be obtained as described above.

(c) Ultrasound can help distinguish epididymitis from testicular torsion.

(3) A clinical diagnosis can be established by the clinical features. A specific diagnosis can be
established by identification of the etiologic agent.

(4) Therapy

(a) Bed rest and scrotal elevation may offer symptomatic relief.

(b) Treatment usually results in prompt improvement.

(i) Ceftriaxone,250 mg IM as a single dose, plus doxycycline, 100 mg PO bid for 10 days.

(ii) Azithromycin and ofloxacin may be effective but have not been studied extensively.



(c) Follow-up

(i) Patients should be reevaluated in 48 to 72 hours; those who do not respond favorably should be
hospitalized.

(i) Microbiologic reevaluation 7 to 10 days after completing therapy should be performed. The need for
additional microbiologic evaluation is not established, but practitioners should reassess the potential for
reinfection frequently.

(5) Prevention. See Table 5-3 for postexposure prophylaxis measures.

h. Genital and anal warts

(1) Etiology. Several types of human papilloma virus (HPV) (especially types 6 and 1) cause exophytic
warts. Other types of HPV can lead to warts but can also cause subclinical infection. Human papilloma
virus infection is strongly associated with genital dysplasia and carcinoma.

(2) Evaluation

(a) Examination will identify exophytic warts (condylomata acuminata).

(b) Application of acetic acid on a suspicious lesion results in whitening of the lesion, but false-positive
results are common.

(c) Papanicolaou (Pap) smear is helpful but does not correlate well with detection of HPV DNA in cervical
cells.

(d) Histologic examination of a specimen obtained by colposcopy or biopsy is the most specific test.
(e) Tests that detect HPV DNA are available.

(3) The diagnosis is established by examination in symptomatic cases. Histologic examination or tests for
HPV DNA establish a definitive diagnosis.

(4) Therapy

(a) The goal of treatment is directed toward improvement of cosmetic appearance. Spontaneous
resolution is not uncommon. Treatment does not affect the potential for subsequent carcinoma.

(b) Treatments of all types are associated with a high rate of recurrence. The anatomic site, size, and
number of the warts and the expense, convenience, comfort, and adverse effects should be considered in
choosing a specific regimen. (see also Chap. 14).

(i) Cryotherapy with liquid nitrogen or cryoprobe is relatively inexpensive and does not result in scarring if
performed correctly. Special equipment is necessary. Pain is a common side effect in the immediate
posttreatment period.



(i) Trichloroacetic acid (TCA) 25-85% can be applied just to the lesion and does not need to be washed
off. Aloe vera gel or normal saline can be applied immediately afterward to help alleviate the burning
sensation. TCA should be applied weekly.

(iif) Podofilox 0.5% applied in cycles to genital warts bid for 3 days followed by 4 days of no therapy can
be used for self-therapy.

(iv) Podophyllin 10-25% applied weekly can be used for external vaginal and urethral meatus warts and
washed off several hours later. It should not be used for anal warts. Dosing guidelines need to be
followed to avoid systemic toxicity.

(v) Electrodesiccation or electrocautery requires local anesthesia.

(vi) Carbon dioxide laser treatment is useful when lesions are extensive or other therapies have failed.

(c) Subclinical infections are generally not treated.

(d) Follow-up
(i) Follow-up is necessary until patients are no longer symptomatic.

(i) Women should receive Pap smear annually regardless of a history of genital warts.

i. Vaginitis in children (see chap. 14).

j- Vaginitis in adolescents (see chap. 14).

H. Skin and soft tissue infections
1. Superficial fungal infections of the skin, hair, and nails. See Chap. 17, p. 480

2. Nonbullous impetigo

a. Etiology. Caused primarily by streptococci and sometimes secondarily infected by S. aureus.
Glomerulonephritis can result from impetigo caused by streptococci M, type 49 or 55.

b. Evaluation.
(1) Gram's stain is rarely helpful due to frequent secondary infection.

(2) Laboratory evaluation is usually not required. If glomerulonephritis or nephritogenic strains are
suspected, throat and skin cultures should be done on close contacts.

c. Diagnosis



(1) Subjective findings. The patient may have a history of antecedent minor trauma, insect bites, or
exposure to other infected children. The lesions are usually relatively asymptomatic, but occasionally
pruritus is a prominent feature.

(2) Objective findings. Multiple lesions, most numerous on the face and extremities, are characterized by
a thick, adherent, yellowish-brown crust. Involved areas spread centrifugally and coalesce into large,
irregularly shaped lesions with no tendency for central clearing. Regional lymphadenopathy is common.

d. Treatment

(1) Minimal disease. Local cool water soaks can be used to remove crusts. The area is washed with
povidone-iodine (Betadine) or chlorhexidine gluconate (Hibiclens), and a topical antibiotic (mupirocin,
bacitracin, or erythromycin gluceptate [llotycin]) is applied two to three times a day. However, if the
lesions do not resolve quickly with topical care, systemic antibiotic therapy is indicated.

(2) Moderate or extensive disease. Topical mupirocin, cephalexin, dicloxacillin, or erythromycin usually is
effective therapy. Although impetigo is often caused by penicillin-sensitive organisms and frequently
responds to penicillin, the presence of S. aureus is common enough to justify therapy with an agent that
is also active against this organism.

3. Bullous impetigo, scalded skin syndrome, and staphylococcal scarlet fever represent a spectrum of
dermatologic manifestations of staphylococcal infection resulting from release of soluble toxins by S.
aureus.

a. Etiology. The infecting organism is S. aureus (usually bacteriophage group Il).

b. Evaluation

(1) Cultures of the skin, nose, throat, and blood should be made (exceptions include children with only
localized bullous impetigo and older children who are afebrile and nontoxic).

(2) Gram's stain of the denuded skin or bullous fluid, or both, will differentiate direct staphylococcal skin
invasion from the more common toxin-mediated skin changes. The fluid aspirated from intact bullae will
be sterile in scalded skin syndrome, but may contain S. aureus in bullous impetigo.

c. The diagnosis is established by the clinical picture in association with recovery of S. aureus from the
patient. Nikolsky's sign (gentle rubbing of the skin results in sloughing of the epidermis) is usually
indicative of the scalded skin syndrome; its absence does not exclude the diagnosis.

d. Therapy

(1) A 7- to 10-day course of a penicillinase-resistant penicillin or first-generation cephalosporin generally
is sufficient. Except in mild bullous impetigo, the antibiotic is usually given parenterally (e.qg., oxacillin,

100-200 mg/kg/day divided g4h 1V, or cefazolin, 150 mg/kg/day divided g8h 1V).

(2) After a good clinical response has been achieved, therapy can be completed with oral dicloxacillin or



cephalexin.
(3) Contact precautions are indicated until the lesions have resolved.
(4) Corticosteroids have not been demonstrated to be beneficial.

(5) In patients with extensive skin losses, hydration and maintenance of normal body temperature are
important. Avoid unnecessary skin trauma (e.g., adhesive from tape).

4. Infestations (see Chap. 17, p. 484).

5. Cellulitis

a. Etiology

(1) Staphylococcus aureus and group A streptococci are the primary pathogens.

(2) Haemophilus influenzae type b is now a rarity in the US.

(3) Group B streptococcal infection can occur in neonates and infants in the first few months of age.
(4) Gram-negative bacteria (P. aeruginosa) should be considered in immunocompromised children.

b. Evaluation

(1) A blood culture and antigen detection studies (e.g., latex agglutination) should be done in patients
with severe cellulitis, fever, generalized toxicity, or impaired host defenses.

(2) Needle aspiration of the advancing border of an active lesion should be carried out for Gram's stain
and culture.

c. The diagnosis is usually established by the characteristic warm, erythematous, tender, and indurated
skin.

(1) Group A streptococcal cellulitis (erysipelas) is suggested by advancing, well-demarcated, heaped-up
borders; facial involvement may assume a butterfly distribution.

(2) Pseudomonas aeruginosa cellulitis (ecthyma gangrenosum) is suggested by an ulcer or an eschar in
an immunocompromised host.

(3) Haemophilus influenzae type B is suggested by a purple discoloration of the skin. Most patients with
H. influenzae type b cellulitis are bacteremic, and additional sites of infection should be considered (e.g.,
septic arthritis or meningitis).

d. Therapy



(1) Application of local heat (e.g., warm compresses) 10 to 20 minutes qgid or more provides symptomatic
relief.

(2) The affected area should be immobilized and elevated.
(3) Suppurative foci of infection should be incised and drained.

(4) Antibiotic therapy. Localized cellulitis without fever can be treated with oral antibiotics. However, if
evidence of systemic toxicity is present, parenteral antibiotics should be given until sustained clinical
improvement has occurred. It is important to note that the cellulitis, with advancing erythema, does not
halt immediately once effective therapy has been given. It is common for the cellulitis to appear to spread
over the first 24 to 36 hours after the start of effective therapy. Clinical judgment and evidence of toxicity
should be considered before antibiotics are changed.

(a) Empiric therapy includes a penicillinase-resistant penicillin, a first-generation cephalosporin,
clindamycin, cefuroxime, or ampicillin-sulbactam.

(b) Streptococcal disease or erysipelas usually responds to benzathine penicillin G, 0.6 to 1.2 MU IM in
one dose, or oral penicillin V, 125 to 150 mg qgid. More severely ill patients may initially require IV
penicillin, 100,000 units/kg/day q4h. Treatment should be continued for 7 to 10 days.

(c) Staphylococcal cellulitis is usually treated with a penicillinase-resistant penicillin or cephalosporin
(nafcillin or oxacillin, 100-200 mg/kg/day IV g4h, or cefazolin, 150 mg/kg/day IV g8h) for severe infections
or with oral dicloxacillin or cephalexin for milder infections.

(d) Haemophilus influenzae cellulitis, in view of the high incidence of positive blood cultures in this
disease, is treated parenterally with ampicillin-sulbactam; cefuroxime, cefotaxime, ceftriaxone, or

choramphenicol can be used pending ampicillin sensitivity testing.

(e) For therapy in immunocompromised patients, an antibiotic that is effective against gram-negative
enteric organisms and Pseudomonas should be included.

I. Bone and joint infections
1. Septic arthritis
a. Etiology

(1) Staphylococcus aureus is the most common etiology, either due to hematogenous seeding of the joint
or penetrating injuries.

(2) Group B streptococci represent an important etiology in infants a few months of age but may also be
seen later in the first year of life.

(3) Group A streptococci can cause involvement of multiple joints.



(4) Haemophilus influenzae type b was a common etiology in young children in the prevaccination era
but is now a rarity.

(5) Neisseria gonorrhoeae can cause suppurative arthritis, sterile inflammatory arthritis, and
tenosynovitis (see G.4.d).

(6) Gram-negative enteric bacteria, pneumococci, and N. meningitidis are less commonly involved.
(7) Tuberculous arthritis is uncommon.

(8) Lyme disease may mimic septic arthritis.

b. Evaluation

(1) Careful examination of the joints for range of motion, warmth, ery-thema, and effusion is necessary.
Joint infection, particularly hip involvement, may be overlooked in the infant who is not ambulat- ing, the
young child who cannot verbalize joint pain, and the toxic, prostrate child with bacteremia. Repeated
examination of the hips and all other joints is an important aspect of the management of febrile or
bacteremic patients, or both. Delayed diagnosis can result in extensive damage to growth cartilages.

(2) X-rays should be obtained of the joint(s) for evidence of effusion and of adjacent bones for evidence
of osteomyelitis.

(3) Ultrasound examination is very sensitive in detecting the presence of an effusion in the hip joint.
(4) At least one blood culture should be obtained.

(5) A CBC and an ESR should be obtained initially; these laboratory markers of inflammation will be used
in follow-up.

(6) Arthrocentesis. Analysis of the joint fluid includes Gram's stain, culture (including plating on
prewarmed chocolate agar if H. influenzae or Neisseria is suspected), WBC and differential, total protein,
and joint-blood glucose ratio.

c. Diagnosis. Isolation of pathogenic bacteria in a culture of the joint fluid establishes the diagnosis. In
the absence of a positive joint fluid culture, the diagnosis can also be made by a combination of
characteristic clinical findings, presence of a high WBC count with a polymorphonucleocyte
predominance in the joint fluid, and blood culture results. Joint or blood cultures, or both, are positive in
most but not all patients with septic arthritis. Osteomyelitis of the adjacent bone may also be present in
neonates and in children with septic arthritis of the hip.

d. Therapy
(1) Drainage. Prompt aspiration of the affected joint is both diagnostic and therapeutic. Adequate

drainage is critical to the prevention of sequelae. Whether open surgical drainage, arthroscopy with
irrigation, or repeated needle aspiration is chosen depends on the joint involved (the hip and shoulder



require surgical drainage; the knee is particularly amenable to arthroscopic irrigation), age (infants and
young children may require surgical drainage), viscosity of the synovial exudate, the offending pathogen
(staphylococcal disease usually necessitates surgical drainage, whereas meningococcal or gonococcal
arthritis may require only needle aspiration), and the response of the patient to antibiotics.

(2) Antibiotics
(a) Parenteral therapy

(i) Empiric therapy should be begun with an intravenous antistaphylococcal antibiotic, such as oxacillin or
cefazolin.

(ii) For children in whom infection with H. influenzae is a possibility, empiric therapy should include
coverage for this organism in addition to S. aureus. In this situation, appropriate agents include
cefuroxime or ampicillin-sulbactam, a combination of oxacillin and chloramphenicol,or a second- or
third-generation cephalosporin.

(iif) Neonates should have adequate coverage for S. aureus, group B streptococci, and gram-negative
bacteria. Oxacillin and gentamicin or a third-generation cephalosporin are appropriate.

(iv) In children with underlying diseases or immunodeficient children, coverage for gram-negative
organisms is necessary. Oxacillin and gentamicin or a third-generation cephalosporin are appropriate.

(v) Since systemically administered antibiotics diffuse well into synovial fluid, additional local instillation is
unnecessary.

(vi) Once the pathogen is identified, therapy may require modification to provide the most effective drug
with the least toxicity.

(b) Oral therapy

(i) After an initial period of IV antibiotic therapy, when the clinical condition has stabilized, we finish
therapy with oral antibiotics.

(i) Care must be taken to choose an oral drug based on in vitro sensitivities and pharmacokinetics that is
tolerated at two to three times the normal oral dose. Commonly used oral agents for S. aureus septic
arthritis are dicloxacillin (80-100 mg/kg/day divided qid) and cephalexin (100 mg/kg/day divided gid).

(iif) Compliance with the oral therapy regimen must be ensured.

(c) The duration of antibiotic therapy is usually a total of 2 to 3 weeks.

(d) Serum bactericidal levels are useful to monitor absorption of oral antibiotics and to assess
compliance. However, they are often logistically difficult to obtain and measure. Serum should be

obtained 1 to 2 hours after oral dosing and should have a titer of 1:8 or better. Dosing can be adjusted or
probenecid added to the regimen (for penicillins and cephalosporins) to achieve desired serum levels.



(3) Response to therapy should be assessed by follow-up examinations and an ESR at periodic intervals.

(4) Other therapeutic measures include early immobilization of the joint and physical therapy when the
inflammation subsides.

2. Acute osteomyelitis. Most osteomyelitis in children is caused by hematogenous seeding of the
cancellous bone present in the metaphysis of the long bones. Osteomyelitis due to penetrating injuries,
extension from a contiguous site of infection, or in postoperative wounds is considerably less common.
Infection of nontubular bones, such as the pelvic bones, the vertebral bodies, the bones of the thorax, the
small cuboidal bones of the hand and foot, and the skull, account for about 10% of cases in children.

a. Etiology

(1) Staphylococcus aureus is the organism responsible in 75 to 80% of cases.

(2) Other organisms include group A streptococci, pneumococci, and H. influenzae. Special associations
include Salmonella in sickle cell anemia, gram-negative enteric pathogens and group B streptococci in
neonates and young infants, and P. aeruginosa following a penetrating injury of the foot or in drug
addicts. Mycobacteria are rare causes.

b. Evaluation

(1) As with septic arthritis, a careful examination is necessary to avoid overlooking the site of infection.
Bony tenderness is common but not universal.

(2) X-rays should be obtained, although evidence of osteomyelitis may not be seen until the second
week.

(3) At least one blood culture should be obtained.

(4) A CBC and a ESR should be obtained initially; as laboratory markers of inflammation, these tests will
help gauge improvement.

(5) A bone scan is helpful to identify osteomyelitis early in the course of the infection.

(6) MR is very sensitive and is particularly useful in cases in which the location of the infection is difficult
to assess by clinical findings and other radiographic studies (i.e., pelvic osteomyelitis).

(7) In the presence of localized bony tenderness or a positive bone scan, needle aspiration or open
biopsy of the bone for Gram's stain and culture is indicated.

c. The diagnosis is based on a combination of clinical findings, radiographic studies, and the results of
needle aspiration, bone biopsy, and/or blood culture.

d. Therapy. The approach to therapy is similar to that used in septic arthritis (see p. 135).



(1) Drainage. Surgical intervention is necessary to drain collections of pus in the bone, below the
periosteum, and in the adjacent soft tissues. Necrotic bone (sequestra) should be debrided.

(2) Antibiotics. The approach to empiric therapy while awaiting culture results is similar to that for septic
arthritis.

(a) Parenteral therapy

(i) Empiric therapy is similar to that used for septic arthritis (see p. 135).

(i) Children with sickle cell anemia require appropriate coverage for both S. aureus and Salmonella.
Ampicillin-sulbactam, cefuroxime, or oxacillin and chloramphenicol or a second- or third-generation
cephalosporin provide both.

(i) In children with penetrating injuries of the foot, coverage for S. aureus is appropriate acutely. When
the infection is chronic, coverage for P. aeruginosa, such, as piperacillin or ceftazidime plus an

aminoglycoside is used.

(iv) Once the pathogen is identified, therapy may require modification to provide the most effective drug
with the least toxicity.

(b) Oral therapy is the same as for septic arthritis (see p. 136). However, the duration of antibiotic
therapy is usually a total of 4 to 6 weeks.

(3) Serum bactericidal levels are useful to monitor absorption of oral antibiotics and to assess
compliance. However, they are often logistically difficult to obtain and measure.

(4) Response to therapy should be assessed by follow-up examinations, x-rays, and an ESR at periodic
intervals.

J. Nervous system infections

1. Meningitis. This section discusses common bacterial, mycobacterial, and fungal causes of meningitis.
For a discussion of neonatal meningitis, see Chap. 6, p. 210.

a. Etiology
(1) Hematogenous seeding of the meninges is responsible for most episodes of meningitis.

(a) Neisseria meningitidis and S. pneumoniae account for most cases of acute bacterial meningitis in
children over 2 months of age.

(b) Group B streptococci, gram-negative bacteria, and Listeria are the most common causes in
neonates.



(c) Haemophilus influenzae type b, previously the most common etiologic agent in children less than 2
years of age, is now a rarity in the United States.

(d) Mycobacterium tuberculosis is most common in young children, but can affect children of any age.

(e) Infrequently involved bacteria are group A streptococci, S. aureus, and gram-negative enteric
bacteria.

(f) Cryptococcus neoformans and L. monocytogenes cause meningitis in immunocompromised patients.

(9) Fungi, such as Histoplasma, Coccidioides, Paracoccidiodes, and Blastomycoses, are rare causes in
children. Candida, Aspergillus, and Mucor may occur in immunocompromised or hospitalized children.

(h) Syphilis is a rare cause of meningitis in children.

(i) Other causes include Lyme disease, Brucella species, Leptospira iterrogans, and a variety of parasitic
agents.

(2) Direct inoculation of the CSF occurs in children with penetrating injuries, tears in the meninges with
CSF leak into the sinuses or ear canal, and spinal dysraphism, and in children undergoing neurosurgical
procedures or with CSF shunts.

(a) Streptococcus pneumoniae cause most episodes of meningitis in association with CSF leaks.

(b) Skin flora are the most common etiology, including S. aureus, S. epidermidis, diphtheroids,
Proprionibacterium acnes, and, less commonly, gram-negative bacteria.

(3) Extension of infection from a contiguous focus, such as parameningeal infection (sinusitis,
mastoiditis, subdural empyema, epidural abscess), can also cause meningitis.

b. Evaluation
(1) Presenting symptoms and signs

(a) In infants, presently signs and symptoms are nonspecific and include a high-pitched cry, irritability,
anorexia, vomiting, lethargy, and/or a full fontanel. Fever is not always present. Close attention must be
paid to alterations in consciousness in order to make an early diagnosis.

(b) In children and adolescents, headache, photophobia, stiff neck, vomiting, and an altered level of
consciousness are common symptoms.

(c) Meningismus is uncommon in infants and toddlers but is a more reliable indicator in children over the
age of 2 years. Kernig's sign (inability to extend the knee >135 degrees when the hip is flexed at 90
degrees) and Brudzinski's sign (flexion of the neck with the patient supine causes involuntary flexion of
the hips and knees and pain in the small of the back) are useful indicators.



(d) Convulsions may be an early manifestation of meningitis. Convulsions associated with fever are
generally an indication for CSF examination in children under 2 years unless a diagnosis of a simple
febrile seizure is made, the patient has a history of epilepsy, or meningismus is absent in a child over 2.

(e) Focal neurologic deficits can occur from vasculitis or thrombosis of blood vessels, particularly
meningeal vessels, or direct invasion of the brain parenchyma.

(f) Papilledema is an uncommon presenting sign unless the case is very advanced.
(g) Patients with evidence of bacteremia should be carefully assessed for meningitis.
(2) Examination of the CSF

(a) Papilledema suggests increased intracranial pressure and is a relative contraindication to lumbar
puncture (LP). A neurosurgical consultation should be considered before proceeding.

(b) A lumbar puncture or a shunt tap should be performed as soon as the diagnosis is suspected. The
following test sshould be performed.

(i) Gram's stain

(ii) Culture for bacteria and, if Cryptococcus is suspected, fungal culture.

(i) Latex agglutination tests to detect capsular polysaccharide antigens. These tests vary in their
sensitivity: H. influenzae type b and group B streptococci are the most sensitive; N. meningitidis and S.
pneumoniae are less sensitive.

(iv) Cell count and differential.

(v) Total protein and glucose. A blood glucose level should be obtained for comparison with the CSF
glucose, preferably before the lumbar puncture is performed.

(vi) Cryptococcal antigen test if Cryptococcus is suspected.

(vii) Acid-fast stain and mycobacterial culture if tuberculous meningitis is suspected.
(3) Other laboratory tests

(a) Blood culture.

(b) Other cultures as indicated (e.g., stool, urine, joint, abscess, middle ear).

(c) Serum electrolytes, BUN, creatinine.

(d) Urine electrolytes and serum and urine osmolarity should be checked if SIADH (syndrome of
increased antidiuretic hormone) is suspected.



(e) Tuberculin test and chest x-ray if tuberculous meningitis is suspected.
(f) A serum RPR and a CSF VDRL should be obtained if syphilis is suspected.

(g) Serologic tests for Lyme disease, brucellosis, and leptospirosis should be performed if the patient has
a suggestive epidemiologic history.

(4) A CT scan or MRI is necessary in some cases to assess the possibility of a brain abscess or other
parameningeal focus or an infarct.

(5) An electroencephalogram is indicated if seizures are a prominent aspect of the case.

c. The diagnosis can be established only by examination of the spinal fluid. In bacterial meningitis the
CSF is characteristically cloudy and under increased pressure, usually with more than 100 WBC/mm3,
predominantly neutrophils; elevated total protein; low glucose (<1/2 of the blood glucose concentration);
and organisms seen in the CSF Gram's stain. However, some of these findings are often absent, and any
of these abnormalities must be viewed with suspicion, particularly the presence of any neutrophils. The
CSF culture is necessary and/or other tests described above are necessary to determine the etiology. A
variety of noninfectious processes, including Kawasaki's disease, Mollaret's meningitis, intracranial
epidermoid cysts, and a number of inflammatory processes, can cause meningitis.

d. Therapy. Intravenous antibiotic therapy should be initiated immediately after bacteriology specimens
have been obtained. The initial choice of antibiotics usually is based on the gram-stained smear of CSF
and on the patient's age.

(1) Antibiotic therapy

(a) Empiric therapy

(i) Infants less than 2 months old (see Chap. 6).

(i) Children over 2 months of age. Because of the increasing incidence of penicillin- and
cephalosporin-resistant S. pneumoniae, we now begin therapy with vancomycin, 60 mg/kg/day, and
either cefotaxime (200 mg/kg/day g6h) or ceftriaxone (75-100 mg/kg/day q12-24h) until culture results
and susceptibility tests are available. In areas where resistant S. pneumoniae are rare or absent, either
ampicillin (300-400 mg/kg/day q6h) and chloramphenicol (100 mg/kg/day g6h) or cefotaxime (200
mg/kg/day g6h) or ceftriaxone (75-100 mg/kg/day ql12-24h) are equally acceptable for empiric therapy.

(iii) Ampicillin (300 mg/kg/day divided g4-6h) should be used empirically if L. monocytogenes is
suspected.

(iv) Because it may take weeks before mycobacterium tuberculosis is identified in culture, therapy for
tuberculous meningitis must be initiated empirically if the diagnosis is suspected (see p. 149).

(v) Amphotericin (test dose, then 1.0 mg/kg/day) should be initiated if cryptococcal meningitis or another



fungal etiology is suspected.

(b) Directed therapy. Once the organism is identified and susceptibility tests are available, directed
therapy should be given.

(i) Treatment of penicillin-sensitive S. pneumoniae or N. meningitidis is accomplished with high-dose
penicillin (200,000-250,000 units/kg/day divided g4h) or ampicillin (300 mg/kg/day divided q4-6h).

(ii) Treatment of resistant S. pneumoniae is potentially complicated. The regimen should be based on the
susceptibility results of the specific isolate. Consultation with an infectious disease specialist is
recommended.

(iii) Treatment of H. influenzae type b can be completed with ampicillin (300 mg/kg/day divided q4-6h) if
the isolate is susceptible. Chloramphenicol is an option if the isolate is susceptible; otherwise cefotaxime
or ceftriaxone is adequate.

(iv) Listeria meningitis should be treated with ampicillin (300 mg/kg/day divided g4-6h) with gentamicin
for the first 5 to 7 days.

(v) The treatment of gram-negative meningitis usually involves use of two agents, such as a
third-generation cephalosporin and an aminoglycoside. The regimen should be based on the
susceptibility results of the specific isolate. Consultation with an infectious disease specialist is
recommended.

(vi) Treatment of other causes of bacterial meningitis should be based on the susceptibility results of the
specific isolate. Consultation with an infectious disease specialist is recommended.

(vii) Treatment of tuberculous meningitis is discussed on p. 147.

(viii) Treatment of neurosyphilis in children and adolescents is discussed on p. 127. Treatment of
neonatal neurosyphilis is discussed in Chap. 6.

(ix) Treatment of Lyme disease is discussed on p. 146.

(X) Leptospirosis should be treated with high-dose parenteral penicillin.

(xi) Treatment of meningitis caused by brucellosis must be prolonged; relapses are common if the
duration of therapy is inadequate. Agents used include tetracyclines, TMP/SMZ, and gentamicin.
Consultation with an infectious disease specialist is recommended.

(xii) Treatment of fungal meningitis is difficult and relapses are common. While amphotericin is the
principal drug used, new antifungal agents, such as fluconazole, penetrate into the CNS and are useful in
some situations, such as cryptococcal meningitis. The regimen should be based on the specific isolate

and clinical considerations. Consultation with an infectious disease specialist is recommended.

(c) The duration of therapy depends on the patient's clinical course, but antibiotics should generally be



administered for 5 to 7 days for meningococcus, 7 to 10 days for H. influenzae type b, and 10 to 14 days
for pneumococcal meningitis.

(d) Parenteral therapy should be used in most situations. In cases of meningitis caused by a
chloramphenicol-sensitive organism, a portion of therapy can be completed with oral chloramphenicol if
the child is able to take oral medication, adequate serum levels are demonstrated on oral therapy, and
compliance is assured.

(2) Other aspects of management

(a) Dexamethasone. Dexamethasone has been conclusively shown to be effective only in reducing the
incidence of sensorineural hearing loss after H. influenzae type b meningitis. The regimen is 0.6
mg/kg/day given g6h IV for the first 4 days of therapy.

(b) Blood pressure, perfusion, and hydration
(i) Maintenance of blood pressure and cerebral perfusion pressure is of primary importance.

(i) Most patients who present with meningitis have been ill and febrile for 12 to 24 hours before
diagnosis, and they are typically dehydrated on admission. Rehydration to restore a euvolemic state
should precede any fluid restriction.

(iif) The SIADH commonly occurs in bacterial meningitis, usually within the first 72 hours of therapy. After
rehydration has been accomplished and if blood pressure and perfusion are adequate, fluids should be
restricted to three-fourths maintenance until it is documented that SIADH is absent.

(c) Frequent observation of vital signs, daily neurologic examinations, measurement of head
circumference, and transillumination of the head (if the fontanel is open) should be performed.

(d) A repeat lumbar puncture or shunt tap should be performed after 24 to 48 hours of therapy only in
patients whose disease is severe, who respond poorly to treatment, or who are infected with
antimicrobial-resistant or difficult-to-treat (gram-negative bacteria) organisms. Cultures and stains are
usually negative after 24 to 48 hours if treatment is effective.

(e) Fever during therapy most commonly results from phlebitis, drugs, nosocomial infection, subdural
effusion (which may occur in up to 50% of infants and children during the acute iliness, usually without
producing symptoms or fever), or coexisting viral infection. Unless an obvious cause is found, prolonged
(>7 days) or secondary fever during therapy should prompt a repeat CSF examination and a search for
localized infection in the subdural space, bones, joints, pericardium, or pleural spaces.

(f) A CT scan is useful to document subdural effusions, but we do not routinely perform scans on all
patients. A CT scan should be obtained in all cases of gram-negative meningitis, especially in neonates,
because abscesses are a common complication.

(g) Selected children with uncomplicated cases of bacterial meningitis can finish therapy with oral
chloramphenicol (same dose as IV, check levels) or ceftriaxone, 50 to 75 mg/kg q24h, given IM once a



day. We do not routinely repeat a lumbar puncture or observe patients in the hospital after completion of
therapy.

e. Prevention. See Table 5-3 for postexposure prophylaxis measures.

2. Brain abscess. Normal brain tissue is resistant to bacterial infection. However, ischemic brain injury
(e.g., cyanotic heart disease), parameningeal infection (sinusitis, mastoiditis, skull osteomyelitis), and
skull trauma increase the risk of brain abscess.

a. Etiology

(1) Causative bacteria are usually derived from the upper airway or mouth. Mixtures of aerobes
(streptococci, S. aureus, diphtheroids, Haemophilus) and anaerobes (Peptococcus, Bacteroides) are

common.

(2) Gram-negative bacteria are uncommon causes in children. An exception is gram-negative meningitis
in neonates, which is frequently complicated by formation of brain abscesses.

(3) Other agents, such as Nocardia, Actinomyces, and fungi, are occasionally responsible, usually in
immunocompromised patients.

b. Evaluation. Brain abscess must be considered in patients with evidence of a rapidly progressive
intracranial mass.

(1) The history should focus on possible predisposing causes. Headache and seizures are common.
Fever is seldom prominent.

(2) Examination should focus on detection of foci of extracranial infection and assessment of neurologic
deficits and elevated intracranial pressure (ICP).

(3) A CT scan with contrast or an MRI is necessary.

(4) Needle aspiration of the abscess is useful in order to establish an etiologic diagnosis. Aspirated fluid
should be submitted for complete microbiologic examination, including Gram's stain, aerobic and
anaerobic culture, fungal stain, fungal culture, AFB stain, and mycobacterial culture.

(5) Laboratory examination

(a) One or more blood cultures should be obtained from all patients.

(b) A CBC and differential should be performed, although leukocytosis may or may not be present.

(c) CSF examination should be avoided in patients with increased ICP. It seldom adds to the evaluation
(CSF changes are neither universally present nor pathognomonic for brain abscess).

(6) An EEG is necessary if the patient has a history of seizures.



c. The diagnosis is made by visualization of a ring-enhancing intracranial mass, usually with surrounding
inflammatory edema, on a contrast CT scan or MRI. Even small abscesses can be localized by skilled
personnel and generally make an arteriogram unnecessary. In some cases a definitive diagnosis can only
be made by needle aspiration or excisional biopsy.

d. Therapy
(1) Although surgical drainage may be necessary in cases with life-threatening increased intracranial
pressure, many cases can be managed medically with antibiotic therapy. Ideally, therapy should be

preceded by a needle aspiration of the abscess to obtain a specimen for microbiologic examination.

(2) Careful monitoring by neurologic examination and CT scan is necessary to assess the efficacy of
empiric therapy in this setting.

(3) Antibiotic therapy

(a) Empiric therapy should always include a regimen of two or more parenterally administered agents
and be directed toward the likely causative agent(s). Several options exist.

() Penicillin (300,000 units/kg/day divided g4h) and chloramphenicol (100 mg/kg/day divided g6h).

(ii) Oxacillin (200-300 mg/kg/day divided g4h) plus chloramphenicol or a third-generation cephalosporin
(cefotaxime, 200 mg/kg/day divided g6h, or ceftriaxone, 100 mg/kg/day divided q12h, or ceftazidime, 200
mg/kg/day divided q8h).

(i) Vancomycin (45-60 mg/kg/day divided g8-12h) should be substituted for oxacillin in the regimen
described in sec. (ii) if methicillin-resistant S. aureus or S. epidermidis are suspected.

(iv) If the regimen in sec. (ii) using a third-generation cephalosporin is chosen, metronidazole (35-50
mg/kg/day divided gq8h) can be added to provide better anaerobic coverage.

(b) Directed therapy should be based on the susceptibility results of the specific isolate. Consultation with
an infectious disease specialist is recommended.

(4) Fluid management should be as described in the section on meningitis (see sec. 1.d.2 above).

(5) Hyperosmotic agents, such as mannitol, and dexamethasone may also help to reduce cerebral
edema (see Chap. 7).

(6) Follow-up CT scans are used to monitor resolution of the abscess and to help determine the duration
of antibiotic therapy.

(7) Parameningeal foci of infection responsible for brain abscess may also require surgical intervention
(sinusitis, mastoiditis).



IV. Special infectious disease topics
A. Bites
1. Animal bites

a. Etiology. Potential pathogens include S. aureus, anaerobic and microaerophilic streptococci, other
anaerobic cocci, Clostridium species (including C. tetani), Pasteurella multocida, Streptobacillus
moniliformis, and Spirillum minus (the latter two cause the two types of rat-bite fever).

b. Evaluation includes an assessment of the patient's immunity to tetanus as well as the extent of the
wound. A bacterial complication of an animal bite is suggested by the finding of cellulitis.

c. Therapy

(1) Cleansing, irrigation, local antisepsis, and surgical care of the bite, including debridement if
necessary, should be performed.

(2) Antimicrobial prophylaxis is used when the bite is on the face or hands and when a puncture wound
(e.g., cat bite) is present. Antimicrobial treatment is indicated if evidence of cellulitis is present.
Ampicillin-clavulanate is useful for oral therapy; ampicillin-sulbactam or the combination of penicillin and
oxacillin is useful for parenteral administration.

(3) The need for prophylactic measures for rabies and tetanus (see Table 5-3) should be considered.

2. Rabies prophylaxis. The recommendations are based on those of the Centers for Disease Control
(CDC) (MMWR RR-33:1-19, 1991).

a. Evaluation. Capture and evaluation of the biting animal, whenever possible, is critical. Healthy
domestic animals are observed for signs of rabies for 10 days in confinement. Domestic animals with
signs of rabies and all wild animals should be killed and immunofluorescent antibody testing for rabies
antigen performed on brain tissue. Viral culture can be performed, but takes considerably longer. The
decision to administer rabies prophylaxis should be made with the assistance of the local public health
department, which should have information regarding the risk of rabies in particular areas and animals.
The following factors should be considered:

(1) Species of biting animal. Carnivorous wild animals (especially skunks, raccoons, foxes, coyotes, and
bobcats) and bats are more likely to be infective than are other animals. Postexposure prophylaxis should
be initiated after the bite of one of these animals unless the animal is tested and shown not to be rabid or
the geographic area is known to be free of rabies. Rabies in domestic dogs and cats is uncommon in
most of the US, but depends on local epidemiology. Livestock, rodents, and lagomorphs are rarely
infected.

(2) Vaccination status of the biting animal. An adult animal immunized properly with one or more doses



of rabies vaccine has only a minimal chance of having rabies and transmitting the virus.

(3) Circumstances of the biting incident. An unprovoked attack is more likely to indicate that the animal is
rabid than is a provoked attack. Bites sustained during attempts to feed or handle an apparently healthy
animal should generally be regarded as provoked.

(4) Type of exposure. The likelihood that rabies infection will result from a bite varies with its extent and
location. A nonbite exposure (scratches, abrasions, open wounds, or mucous membrane contamination
with saliva or other potentially infectious material from a rabid animal) may rarely result in rabies virus
transmission. Casual contact, such as petting a rabid animal without sustaining a bite, may not be an
indication for prophylaxis.

b. Postexposure prophylaxis. See Table 5-3.

3. Human bites, especially those that occur on the palmar surface of the hand, can result in extensive,
rapidly developing infection.

a. Etiology. Infections are usually polymicrobial and may include staphylococci, gram-negative
anaerobes and spirochetes from the mouth, and aerobic streptococci. Hepatitis B can be transmitted if
the biter is a hepatitis B virus carrier, although the risk is small. HIV has not been demonstrated to be
transmitted or acquired by a human bite.

b. Evaluation. The principles of management are similar to those for management of animal bites, but
irrigation, debridement, and provision for drainage assume much greater importance. Because of the
potential for anaerobic infection, these wounds are usually not sutured. Testing the "biter" for hepatitis B
infection should be considered in some situations but is not routine.

c. Therapy
(1) Wound care is the same as described for animal bites.

(2) Antimicrobial prophylaxis is indicated for all human bites due to the high risk of infection. Appropriate
antimicrobial agents are the same as those described for animal bites.

(3) The need for prophylactic measures for tetanus should be considered (see Table 5-3).

(4) Hepatitis B immune globulin and hepatitis B vaccine should be administered if the biter is a hepatitis
B virus carrier.

B. Toxic shock syndromes

Toxic shock syndromes. Staphylococcal toxic shock syndrome (STSS) is a multisystem illness that was
initially identified in menstruating women, but can also occur in children who have foci of staphylococcal
infection. Group A streptococcal toxic shock syndrome (GASTSS) is a multisystem illness that occurs in
association with localized group A streptococcal (GAS) infections. Most often GASTSS occurs in children
as a complication of superinfected varicella lesions.



1. Etiology. STSS is caused by one or more extracellular toxins produced by S. aureus. It is most often
associated with infections caused by strains of S. aureus that produce TSS toxin-1 (TSST-1). GASTSS is
caused by one or more extracellular toxins produced by GAS. Pyrogenic exotoxin a and b (the same
toxins associated with scarlet fever) have been implicated in GASTSS. These toxins may act as super
antigens, similar to TSST-1, activating a cascade of immunologic phenomena.

2. Evaluation

a. A careful history and physical examination are critical since the diagnosis is based on clinical criteria.

b. A careful search for foreign bodies and foci of localized infection should be performed.

c. Laboratory evaluation should include a complete blood count and differential, liver function tests, BUN,
creatinine, creatinine phosphokinase (CPK), and urinalysis.

d. Cultures of the blood, vagina, nasopharynx, anus, pharynx, and any wound or skin lesions should be
obtained in suspected cases.

e. Evaluation should rule out a number of other conditions that may mimic toxic shock syndrome,
including Kawasaki's disease, scarlet fever, Rocky Mountain spotted fever, measles, leptospirosis, and
other febrile mucocutaneous diseases.

3. The diagnosis of STSS and GASTSS is based on clinical criteria.

a. STSS

(1) The clinical criteria established by the CDC (MMWR 39 [RR-13]:38-39, 1990)] for STSS are based on
the presence of four of the following five signs.

(a) Fever of 38.9°C (102.0°F) or greater.
(b) Presence of a diffuse macular erythroderma.

(c) Desquamation 1 to 2 weeks after onset of the illness, particularly on the palms, soles, fingers, and
toes.

(d) Hypotension.

(e) Involvement of three or more of the following organ systems:

(i) Gastrointestinal (vomiting or diarrhea at the onset of iliness).

(ii) Muscular (severe myalgia or serum CPK level 3 2 times the upper limit for age).

(iii) Mucous membrane (vaginal, oropharyngeal, or conjunctival hyperemia).



(iv) Renal (BUN or serum creatinine 3 2 times the upper limit for age or 3 5 white blood cells per
high-power field in the absence of a UTI).

(v) Hepatic (transaminases or total bilirubin 3 2 times the upper limit for age).
(vi) Hematologic (platelets £ 100 x 109/liter).

(vii) CNS (disorientation or alterations in consciousness without focal neurologic signs when fever and
hypotension are absent).

(2) In addition, the following conditions must be fulfilled:

(a) Negative blood, throat, or CSF cultures (except in the uncommon cases in which S. aureus
bacteremia is present).

(b) Negative serologic tests for Rocky Mountain spotted fever, leptospirosis, and measles.

(3) Isolation of S. aureus from a mucosal site or from a localized infection lends support to the diagnosis.
However, S. aureus can be isolated from the nares or vagina in 30% of healthy individuals and 30% of
these strains can be demonstrated to produce TSST-1. Consequently, isolation of a TSST-1 strain is only
presumptive evidence of STSS.

b. Criteria for the diagnosis of GASTSS were established by the Working Group on Severe Streptococcal
Infections (JAMA 269:390-391, 1993). A definite case is defined as fulfilling criteria in secs. (1)(a), (2)(a),
and (2)(b) below. A probable case is defined as fulfilling criteria in secs. (1)(b), (2)(a), and (2)(b) below.
(1) Isolation of GAS

(a) From a normally sterile site (e.g., blood CSF, pleural or peritoneal fluid, tissue biopsy, surgical wound,
etc.).

(b) From a nonsterile site (e.g., throat, sputum, vagina, superficial skin lesion, etc.).
(2) Clinical signs

(a) Hypotension (systolic blood pressure of £90 mm Hg for adults; <5th percentile by age for children <16
years of age), and

(b) Two or more of the following findings.
(i) Renal impairment (creatinine 3 2 times the upper limit for age).
(i) Coagulopathy (platelets £ 100 x 109/liter or disseminated intravascular coagulation).

(iii) Liver involvement (transaminases or bilirubin 3 2 times the upper limit for age).



(iv) Adult respiratory distress syndrome (ARDS).

(v) Generalized erythematous macular rash that may desquamate or soft tissue necrosis, including
necrotizing fasciitis, myositis, or gangrene.

4. Therapy

a. Volume replacement and pressor support may be required to maintain adequate blood pressure and
perfusion.

b. For STSS, penicillinase-resistant penicillin therapy should be given parenterally (e.g., oxacillin, 200
mg/kg/day IV in divided doses g4h). For GASTSS, parenteral penicillin therapy should be given (e.g.,
penicillin G, 200,000-400,000 units/kg/day divided g4h).

c. Foreign bodies should be removed (tampons, contraceptive sponges, wound drains and packing).
d. Foci of local infection should be explored and drained.

e. Supportive care for respiratory failure, electrolyte abnormalities, renal failure, coagulopathy, and
thrombocytopenia should be provided.

f. Corticosteroid therapy and intravenous immune globulin have been reported to be helpful, but have not
been studied in well-designed clinical trials.

g. Menstruating patients should be advised about the possible recurrence of STSS if tampons are used
during subsequent menstrual periods.

C. Lyme disease

1. Etiology. Borrelia burgdorferi is the tick-borne spirochete that causes Lyme borreliosis (Lyme disease).
Humans are usually infected after prolonged (> 24 hour) attachment of an infected tick of the Ixodes
ricinus complex. Ixodes dammini (deer tick) is the most common member of this tick group in the
northeastern US.

2. Evaluation

a. Clinical manifestations are dependent on the stage of the disease: stage 1 (early localized), stage 2
(early disseminated), and stage 3 (late persistent phase).

(1) Erythema chronicum migrans (ECM), the characteristic rash seen in early Lyme infection, occurs in
about 60 to 80% of cases. The lesion characteristically begins as a red macule, which expands to form an
annular erythema with central clearing. Lesions vary in size but usually expand to greater than 5 cm in
diameter if untreated. Additional skin findings are often noted days to weeks after initial infection and may
resemble the primary ECM lesion or present as malar, urticarial, or diffuse erythematous rash.



(2) Arthritis along with arthralgia and myalgia, often brief and recurrent, are common findings of the
second stage of Lyme disease. Chronic arthritis reflects the persistent infection of the third stage.

(3) Seventh cranial nerve (Bell's) palsy is common a few weeks to months after infection, reflecting the
early disseminated stage. Meningitis may present as classic summertime "aseptic" meningitis in the
second stage of disease or as a chronic condition in the third stage. Less commonly, peripheral
neuropathies are found in both the second and third clinical stages. Chronic neurologic involvement,
including encephalomyelitis, ataxia, and polyradiculitis, is a manifestation of late-stage Lyme disease and
may occur years after initial infection.

(4) Carditis has been found in 4 to 8% of children within several weeks of infection. Atrioventricular
blocks of varying types have been reported. Less commonly, pericarditis and myocarditis occur. Cardiac
manifestations are usually brief.

(5) Acrodermatitis chronica atrophicans, a chronic localized scleroderma-like rash, can occur years after
the primary infection and represents persistent disease.

b. Serology. Serologic testing for evidence of infection by B. burgdorferi infection is useful, but there is
considerable interlaboratory variation in results.

(1) ELISA is performed for immunoglobulin G (IgG) and immunoglobulin M (IgM).
(2) Western blot is performed for sera positive by ELISA and detects antibody to specific antigens.

3. Diagnosis. Lyme disease is primarily a clinical diagnosis. If ECM is present, serologic confirmation is
unnecessary. Serology is useful when clinical findings are consistent with those seen in Lyme disease
and confirmation of infection by B. burgdorferi is necessary. Immunoglobulin G and IgM ELISA titers need
to be interpreted with reference to the clinical stage of disease suspected. As antibody is first detectable
after 2 to 4 weeks of illness, children may be antibody negative at the time ECM is present and early
treatment may ablate the expected antibody response. Children with stage 1 or 2 symptoms may have
only IgM antibodies; alternatively, a child with more than 2 to 3 months of "early" symptoms or with
symptoms of persistent infection may have negative IgM titers and positive IgG titers. Positive serologic
tests in the absence of clinical findings consistent with past infection should not be viewed as an
indication for therapy.

4. Therapy. The choice and length of therapy is dependent on the stage of disease, clinical findings, and
response to therapy.

a. Early infection (ECM), isolated seventh cranial nerve (Bell's) palsy, mild arthritis, and mild carditis

(1) Amoxicillin, 25 to 50 mg/kg/day (maximum 2 g day) divided tid for 14 to 30 days, is the preferred
agent.

(2) Penicillin V, 25 to 50 mg/kg/day (maximum 2 g day) divided tid for 14 to 30 days, is an alternative.

(3) Doxycycline, 100 mg bid for 14 to 30 days, can be used for children 9 years of age and older.



(4) Cefuroxime and erythromycin can be used in penicillin-allergic children.
(5) Retreatment is sometimes necessary.
b. Persistent arthritis, CNS disease, severe carditis, or failure of oral therapy

(1) Ceftriaxone, 75 to 100 mg/kg/day (maximum 2 g) given as a single IV or IM dose for 14 to 21 days, is
the preferred agent.

(2) Penicillin G, 300,000 units/kg/day (maximum 20 million units/day) IV in six divided doses daily for 14
to 21 days is an alternative.

D. Tuberculosis

1. Etiology. Mycobacterium tuberculosis is the etiologic agent. Rarely, Mycobacterium bovis is the
etiologic agent in nonpulmonary TB.

2. Evaluation
a. Tuberculin skin test. The tuberculin skin test is the best means of identifying infected children.

(1) The skin test (Mantoux test) should be performed using 5 tuberculin units of purified protein derivative
(PPD) injected intradermally.

(2) Multiple puncture tests should not be used because of higher rates of false-positive and
false-negative results.

(3) The skin test interpretation depends on several factors. A positive reaction is defined as
(a) 15 mm for children 4 years of age or older without any risk factors.

(b) 10 mm for children at risk of disseminated disease, such as children less than 4 years of age,
children with underlying medical conditions, and children with increased environmental exposure.

(c) 5 mm for children in close contact with persons known or suspected to have tuberculosis, children
suspected of having tuberculosis on the basis of a chest x-ray or clinical findings, and HIV-infected or

immunocompromised children.

(4) A positive skin test usually develops 3 to 6 weeks (at most 3 months) after exposure and remains
positive for life even with treatment.

(5) Prior vaccination with bacillus Calmette-Guérin (BCG) is not a contraindication to skin testing and
does not affect the interpretation of the test.

(6) Nontuberculous (atypical) mycobacteria may cause cross-reaction with intermediate-strength PPD,



but the reaction is usually less than 10 mm unless infection is recent.

(7) A negative skin test does not exclude M. tuberculosis infection or disease, as approximately 10% of
immunocompetent children with tuberculosis have negative skin tests.

b. Clinical manifestations of childhood tuberculosis include

(1) Persistent cough, pulmonary infiltrates, atelectasis, pleural effusion, and/or enlarged hilar nodes.
(2) Ocecult fever, failure to thrive, weight loss, and anemia or hepatosplenomegaly.
(3) Lymphadenopathy.

(4) Aseptic meningitis.

(5) Chronic draining otitis media.

(6) Aseptic pyuria.

(7) Monoarticular arthritis, dactylitis, back pain, or bony tenderness.

c. Clinical specimens

(1) Types of clinical specimens

(a) Sputum is an excellent specimen if the child is capable of producing it.

(b) Specimens obtained by bronchoalveolar lavage are useful, but are not as sensitive as gastric
aspirates.

(c) Gastric aspirates obtained in the morning immediately on the patient's awakening are the most
sensitive specimens in young children. Three gastric aspirates on successive mornings should be
obtained.

(d) A first-voided morning urine specimen is helpful when renal infection is suspected.

(e) Other useful specimens, if available, include cerebrospinal fluid, liver biopsies, bone marrow biopsies,
pleural biopsies, lymph node aspirates or biopsies, and bone biopsies.

(2) Mycobacterial culture should be obtained in all suspected cases to confirm the diagnosis as well as
determine drug susceptibilities.

(3) Acid-fast bacilli (AFB) stain should be performed on all specimens to allow rapid identification of
mycobacteria, although M. tuberculosis cannot be distinguished from nontuberculous (atypical)
mycobacteria.



(4) Polymerase chain reaction (PCR) and DNA probes are available in some settings and are promising
though not yet routine methods for the identification of M. tuberculosis.

d. A chest x-ray should be obtained in all children with suspected tuberculosis.

e. Cerebrospinal fluid (CSF) examination, including culture and acid-fast stain, is necessary in all children
with suspected tuberculous meningitis and in all infants under 6 months with suspected tuberculosis
regardless of the site of infection.

f. Liver function tests are useful if miliary tuberculosis is suspected.

g. In proven cases of tuberculosis, skin tests and chest x-rays of family members and contacts are
indicated.

3. The diagnosis of asymptomatic skin test conversion is based on the presence of a new positive skin
test, the absence of symptoms, a negative chest x-ray, and negative AFB and mycobacterial culture
results from sputum or gastric aspirates, or both. The presumptive diagnosis of tuberculosis is based on
the presence of characteristic symptoms and a positive skin test or identification of acid-fast organisms in
clinical specimens. A definitive diagnosis is made by the isolation of the M. tuberculosis in culture.

4. Therapy is complicated by the need for several medications and long courses of treatment and the
increased incidence of multiple-drug-resistant M. tuberculosis. All children with tuberculosis should be
tested for HIV infection.

a. Asymptomatic PPD skin test converter

(1) When the index infection is caused by INH-susceptible strains or when INH resistance is unlikely,
INH, 10 to 15 mg/kg (maximum of 300 mg) PO qd for 9 months.

(2) When infection is caused by INH-resistant, rifampin-susceptible strains, rifampin, 10 to 20mg/kg PO
gd for 9 months.

(3) When infection is likely to be caused by resistant strains but susceptibility results are not available,
INH and rifampin (doses as above) for 9 months.

(4) Optimal therapy for infection caused by strains with documented INH and rifampin resistance is not
known.

b. Pulmonary tuberculosis (including hilar adenopathy and pleural effusion)
(1) Six-month (standard) regimens
(a) Isoniazid, 10 to 15mg/kg (maximum 300 mg) PO qd, plus rifampin, 10 to 20mg/kg (maximum 600 mg)

PO qd, plus pyrazinamide, 20 to 40 mg/kg (maximum 2 g) PO qd, for 2 months followed by INH and
rifampin qd for 4 months.



(b) Isoniazid plus rifampin plus pyrazinamide (doses as in above) for 2 months followed by INH, 20 to 30
mg/kg (maximum 900 mg) PO, and rifampin, 10 to 20 mg/kg (maximum 600 mg) PO twice a week for 4
months.

(c) If drug resistance is possible, ethambutol 15 mg/kg (maximum 2.5 g) PO qd or 50 mg/kg (maximum
2.5 g) PO twice a week, or streptomycin, 20 to 40 mg/kg (maximum 1 g) IM qd, should be added until
susceptibility results are known.

(2) Nine-month (alternative) regimens

(a) Isoniazid plus rifampin qd (doses as in sec. (1)(a) above) for 9 months.

(b) INH plus rifampin qd (doses as in sec. (1)(a) above) for 1 month followed by INH and rifampin twice a
week (doses as in sec. (1)(b) above) for 8 months.

(c) Regimens using two agents should not be used if drug resistance is suspected.

c. Extrapulmonary tuberculosis (including adenitis, but not meningitis, miliary disease, and bone/joint
disease) can be treated as pulmonary tuberculosis.

d. Tuberculous meningitis, miliary tuberculosis, and bone/joint tuberculosis
(1) Isoniazid, 10 to 15 mg/kg (maximum 300 mg) PO qd, plus rifampin, 10 to 20 mg/kg (maximum 600
mg) PO qd, plus pyrazinamide, 20 to 40 mg/kg (maximum 2 g) PO qd, plus streptomycin, 20 to 40 mg/kg

(maximum 1 g) IM qd for 2 months, followed by INH and rifampin qd for 10 months.

(2) Isoniazid plus rifampin plus pyrazinamide plus streptomycin qd (doses as above) for 2 months
followed by INH and rifampin twice a week (doses as in sec. (1)(b) above) for 10 months.

(3) Pyrazinamide is particularly important in tuberculous meningitis because it achieves better CSF
concentrations than ethambutol or streptomycin.

(4) If streptomycin resistance is common, capreomycin, 15 to 30 mg/kg (maximum 1 g) IM qd, or
kanamycin, 15 to 30 mg/kg (maximum 1 g) IM qd can be used in place of streptomycin until susceptibility
results are known.

e. Drug-resistant M. tuberculosis

(1) Resistance is most common in

(a) Foreign-born persons from high-risk areas, such as Asia, Africa, and Latin America.

(b) New York City and several other cities where drug-resistant tuberculosis is common.

(c) Homeless persons.



(d) Persons who have previously received treatment for tuberculosis.
(e) Children whose adult source case is in one of the above groups.

(2) Treatment should always include at least two bactericidal drugs to which the organism is susceptible.
Bactericidal drugs include INH, rifampin, streptomycin, pyrazinamide, and high-dose ethambutol.

(3) Other agents that may be useful include capreomycin, ciprofloxacin, cycloserine, ethionamide,
kanamycin, and ofloxacin.

(4) Treatment duration should be 12 to 18 months.

(5) Consultation with an expert who has experience in treating drug-resistant tuberculosis in children
should be obtained.

f. Pyridoxine, 25 to 50mg once a day, can be used in children with inadequate nutrition.

g. Corticosteroids given in conjunction with antimicrobial therapy may lessen the inflammatory
complications of tuberculous pericarditis and pleuritis. They may also be indicated when large hilar lymph
nodes are obstructing the passage of air and when severe respiratory distress complicates diffuse
pulmonary tuberculosis. Dexamethasone should be administered in tuberculous meningitis since use of
this agent lowers mortality and long-term neurologic morbidity.

h. Directly observed therapy (DOT). A major cause of treatment failure and the development of multiple
drug resistance is nonadherence to the treatment regimen. DOT is one method of ensuring adherence
and should be considered as an option in all cases of tuberculosis.

i. Follow-up

(1) Although general recommendations for treatment durations are listed above, the length of treatment
in an individual patient should be determined by the clinical and chest x-ray response, follow-up sputum
smear and culture results (if possible), and susceptibility test results from the patient or the index case. In
most situations, monthly clinical evaluations for the first 3 months and every 1 to 3 months thereafter are
sufficient.

(2) Hilar adenopathy may persist for several years. A normal x-ray is not a requirement to terminate
treatment if other parameters are consistent with successful treatment.

(3) Isoniazad treatment commonly causes a transient asymptomatic elevation of liver enzymes during the
first 3 months of therapy. Routine laboratory testing for hepatotoxicity is unnecessary in uncomplicated
cases but is required in severe cases, when high doses of INH are used, when initial therapy is
administered for an extended time, in the presence of liver or biliary disease, during pregnancy and the
first 6 weeks postpartum, or in the presence of overt hepatotoxicity.

(4) Interruptions in therapy require that the duration of treatment be extended.



5. Prevention. See Table 5-3 for postexposure prophylaxis measures.

E. Rocky Mountain spotted fever

1. Etiology. Rickettsia rickettsii, a member of the spotted fever group of rickettsiae, is the causative
agent. The organism is transmitted primarily by the dog tick, Dermacentor variabilis, in the eastern US, by
the wood tick, Dermacentor andersoni, in the western US, and by the Lone Star tick, Amblyomma
americanum, in the central US. Transmission is highest in seasons of peak tick activity, usually the spring
and summer.

2. Evaluation

a. Clinical findings

(1) Fever is virtually always present.

(2) Headache, myalgia, nausea, and vomiting are also common presenting symptoms.

(3) A characteristic rash is usually present after several days of illness, although in some cases the rash
may develop late or not at all. The rash is usually erythematous and maculopapular but becomes
petechial. It generally begins on the extremities, often on the wrists and ankles, and spreads to the trunk.

(4) Abdominal pain may be present.

(5) CNS, cardiac, pulmonary, gastrointestinal, and renal involvement; disseminated intravascular
coagulation; and shock may be present in severe cases.

b. Laboratory tests should include

(1) A CBC.

(2) BUN and creatinine.

(3) Liver function tests.

c. Serologic testing. A variety of serologic tests are available. The immunofluorescent antibody and
indirect hemagglutination tests are the most sensitive and specific. Acute and convalescent sera should
be tested. The Weil-Felix serologic reaction becomes positive 10 to 14 days into the illness but is not very

sensitive or specific.

d. Immunofluorescent staining of a skin biopsy specimen from the site of the rash is very specific, but is
not widely available.

e. Culture is not attempted because it is technically difficult and hazardous for laboratory workers.

3. The diagnosis must be based on clinical and epidemiologic features because no widely available



microbiologic test is positive early in the course of the disease. A fourfold rise in titer between acute and
convalescent sera provides a retrospective, definitive diagnosis.

4. Therapy
a. Early treatment is essential. Delay in diagnosis can lead to death.

b. Chloramphenicol, tetracycline, and doxycycline are comparable in efficacy, although tetracycline is
considered the drug of choice by some.

c. Therapy is continued until the patient is afebrile for 2 to 3 days; a usual course is 6 to 10 days.
F. Human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS)

1. Etiology. Human immunodeficiency virus is a human retrovirus that has a tropism for cells with CD4
receptors, particularly CD4 (T-helper) lymphocytes. There are two types of HIV, HIV-1 and HIV-2. Almost
all of the HIV infection occurring in the US is caused by HIV-1. The course of HIV infection is variable, but
eventually the progressive destruction of CD4 lymphocytes results in AIDS.

2. Evaluation and diagnosis

a. Risk factors for HIV infection should be evaluated, although their absence does not rule out the
diagnosis.

(1) Maternal HIV infection. Transmission of HIV from infected women to their offspring accounts for the
vast majority of pediatric HIV infection in the US. The rate of transmission in the US is approximately
20%. HIV can be transmitted in utero, in the perinatal period (presumably due to exposure to blood or
genital secretions during the birth process), and postnatally by breast feeding. Women at risk for HIV
infection include those who use intravenous drugs, those who are the sexual partners of HIV-infected
men or intravenous drug users, female commercial sex workers, and women who have received
transfusions of blood products (see below). However, many infected women will not have acknowledged
risk factors.

(2) Receipt of blood products. This risk was greatest for persons receiving blood products between 1979
and 1985. Most hemophiliacs treated with factor VIII concentrate before 1985 are infected with HIV. Since
1985, blood has been screened for antibody against HIV, which has drastically reduced, but not
eliminated, the risk. HIV infection has not been demonstrated to occur after gamma globulin infusion.

(3) Sexual activity. HIV infection among sexually active adolescents has increased dramatically in recent
years. A history of other sexually transmitted diseases increases the risk of HIV infection.

(4) Intravenous drug use. The incidence of HIV infection among intravenous drug users is very high in
many areas of the US.

(5) Percutaneous exposure to HIV-infected blood or other body fluids. The risk of HIV infection after a
percutaneous exposure to HIV-infected blood is estimated at 0.3%.



b. Tests for HIV infection

(1) Serologic testing is the preferred method for screening children over the age of 15 months. The
presence of antibody against HIV in these children, if repeated, is definitive evidence of HIV infection.
Children younger than 15 months, particularly those younger than 9 months of age, may harbor
maternally derived antibodies to HIV. A positive test in these children indicates maternal HIV infection but
is not definitive evidence of HIV infection in the child.

(a) ELISA is a very sensitive and specific test for a variety of antibodies produced against HIV antigens;
however, false-positives can occur.

(b) A Western blot should be performed on any sera positive by ELISA. This test provides definitive proof
of the presence of antibodies against HIV antigens.

(2) Tests to detect the presence of HIV are particularly useful in the evaluation for infection in young
infants. A child born to an HIV-infected mother should have two of these tests (preferably HIV culture or
PCR) performed in the first 6 months of life (preferably 1 month apart during the period between 1 and 3
months of age). A positive test should be repeated for confirmation.

(a) Culture of HIV from peripheral blood mononuclear cells provides definitive evidence of infection at
any age. This test is generally available only in research centers. A positive culture at birth indicates in
utero infection. However, cultures performed at birth are negative in 50 to 75% of children who are
ultimately found to be HIV infected, presumably because the virus was transmitted in the perinatal period
and is not yet present in detectable amounts. Culture is positive in fewer than 90% of infected children by
3 months of age.

(b) Polymerase chain reaction is similar to culture of HIV in terms of its sensitivity and specificity, but may
offer faster turnaround time. It is generally available only in research centers.

(c) Immune complex dissociated p24 antigen (p24 is a component of the viral capsid) is a less sensitive
test than culture or PCR, but is cheaper, may have faster turnaround time, and is more readily available.

c. Clinical features

(1) Age at presentation. The age at onset of symptoms is extremely variable. Nonetheless, symptoms
can often be recognized in the first year of life in vertically infected children. The majority, but not all, of
vertically infected children will be symptomatic by 2 years of age.

(2) Clinical features in symptomatic HIV-infected children are

(a) Poor weight gain or weight loss.

(b) Developmental delay.

(c) Generalized lymphadenopathy.



(d) Hepatosplenomegaly.

(e) Persistent or recurrent oral candidiasis.

(f) Persistent or recurrent otitis media.

(g) Persistent or recurrent diarrhea.

(h) Persistent or recurrent parotitis.

(i) Hepatitis.

(i) Autoimmune anemia or thrombocytopenia.

(k) Nephropathy.

(I) Cardiomyopathy.

(3) AIDS-defining illnesses for HIV-infected persons of all ages are

(a) Opportunistic infections, such as P. carinii pneumonia; Candida infection of the esophagus, trachea,
bronchi, or lungs; chronic or progressive cytomegalovirus (CMV) infection; chronic or disseminated HSV
infection; disseminated Mycobacterium avium complex infection; disseminated or extrapulmonary
tuberculosis; chronic intestinal cryptosporidiosis or isosporiasis; disseminated or CNS cryptococcal
infection; disseminated or extrapulmonary histoplasmosis or coccidioidomycosis; and CNS
toxoplasmosis.

(b) HIV encephalopathy.

(c) Wasting syndrome.

(d) Progressive multifocal leukoencephalopathy.

(e) Lymphoma (uncommon in children).

(f) Kaposi's sarcoma (very rare in children).

(4) Additional AIDS-defining ilinesses in children less than 13 years of age are

(a) Recurrent, serious bacterial infections (bacteremia, sinusitis, and pneumonia are the most common).
(b) Lymphoid interstitial pneumonitis.

(5) Additional AIDS-defining ilinesses in adolescents 13 years of age and older are



(a) Pulmonary tuberculosis.

(b) Recurrent pneumonia.

(c) Recurrent Salmonella bacteremia.
(d) Invasive cervical cancer.

(e) Total CD4 lymphocyte count (TCD4) less than 200 cells/pl or percentage of CD4 lymphocytes
(CD4%) less than 14%.

d. Lymphocyte subset studies, including determination of the percentage of CD4 lymphocytes (CD4%)
and the total CD4 lymphocyte count (TCD4), are useful in following the course of the disease, estimating
the degree of immunosuppression, and serving as an indicator for the need to initiate antiretroviral
therapy and prophylaxis for specific opportunistic infections. The frequency of monitoring CD4% and
TCDA4 is dictated by the stage of disease, but is generally performed every 3 months, except when counts
are already extremely low.

e. Complete blood counts are necessary to calculate the TCD4, to monitor blood counts, and to monitor
for toxicity from antiretroviral therapy (especially zidovudine [AZT]).

f. Liver function tests are necessary to monitor for anicteric hepatitis and toxicity from therapy.

g. Quantitative immunoglobulin assays will usually reveal hypergammaglobulinemia but are useful in
identifying the occasional child with hypogammaglobulinemia who may benefit from intravenous
immunoglobulin (IVIG; see p. 156).

h. A chest x-ray should be obtained as a baseline for future comparison and during any significant
respiratory illness.

i. Children with documented CMV infection should be monitored with regular ophthalmologic
examinations to screen for retinitis since they may not report significant visual disturbances.

j- We obtain yearly cardiologic evaluations, including an ECG and echocardiography for qualitative and
guantitative assessment of cardiac function, as subclinical but significant diminution in cardiac function
can occur. Holter monitor evaluations are obtained as indicated.

k. Tuberculin skin tests and two control skin tests (i.e., Candida, tetanus, mumps) should be monitored
on a yearly basis.

3. Therapy

a. Antiretroviral therapy. The indications for antiretroviral therapy and optimal treatment regimens as well
as strategies for managing disease progression and adverse effects of therapy are evolving constantly.
Consultation with or referral to an expert in the treatment of pediatric HIV infection is recommended.
Other sources of information include the National Pediatric HIV Resource Center (800-362-0071) and



guidelines and updates published periodically in the Pediatric Infectious Diseases Journal.

(1) Initiation of therapy. There is a general belief that early initiation of therapy is helpful in limiting
ongoing viral replication, although the benefits and consequences (development of viral resistance,
adverse effects of therapy) are not clear and a matter of considerable controversy. A decision to initiate
therapy should take into account the circumstances of the individual case and the wishes of the
caregivers. The following are general indications for initiation of antiretroviral therapy.

(a) Development of AIDS.

(b) Significant symptomatology related to HIV or associated conditions (see p. 153).
(c) TCD4 count

(i) Less than 1,750 for children 0 to 1 year of age.

(i) Less than 1,000 for children 1 to 2 years of age.

(i) Less than 750 for children 2 to 5 years of age.

(iv) Less than 500 for children greater than 5 years of age.

(2) Agents and regimens. In the past, antiretroviral treatment in children was generally initiated with a
single agent, usually zidovudine (ZDV, 90-180 mg/m2/dose PO gid) or didanosine (ddl, 100 mg/m2/dose
PO bid). Of these two agents, ddl is now the preferred agent for monotherapy. Combination therapy may
be more effective in reducing HIV replication, although its effect on clinical outcomes and the frequency
and nature of adverse reactions have not yet been completely described. Other agents available for use
in combination regimens (but not yet approved for use in children) include nucleoside analogues
(zalcitabine [ddC], 0.005-0.01 mg/kg/dose PO tid; lamivudine [3TC], 4 mg/kg/dose PO bid; stavudine
[d4T], 1 mg/kg/dose PO bid) and protease inhibitors (saquinavir, ritonavir, and indinavir). Combination
regimens in use at the time of this writing in children are ZDV plus ddl and ZDV plus 3TC.

(3) Monitoring. The effect of therapy on clinical and laboratory parameters should be monitored at regular
intervals. Measurement of the total count and percentage of CD4 lymphocytes should be performed at
3-month intervals. Measurements of viral load are being used increasingly to gauge the effect of
antiretroviral therapy. The occurrence of adverse effects with these agents should be monitored closely
(see manufacturer's recommendations). If disease progression occurs, consideration should be given to
switching to another agent or adding another agent.

b. Immunizations (see also Chap. 16, p. 471 and Chap. 3, p. 27)

(1) Hepatitis B vaccine, diphtheria-tetanus-pertussis (DTP) vaccine, and H. influenzae b-conjugate
vaccine should be administered following the routine vaccination schedule.

(2) Inactivated polio vaccine (IPV) should be used instead of oral polio vaccine (OPV) in all HIV-infected
children.



(3) The measles-mumps-rubella (MMR) vaccine administered at 12 months of age is recommended for
both symptomatic and asymptomatic HIV-infected children because of the potential severity of measles in
these children and because serious consequences from administration of this live virus vaccine have not
been observed.

(4) Varicella vaccine is currently not recommended.

(5) Influenza vaccine should be administered every year.

(6) Pneumococcal vaccine at 2 years of age and again at 3 to 4 years of age is potentially beneficial to
children who are capable of responding to the antigens.

(7) Live vaccines other than MMR (e.g., yellow fever vaccine) should be avoided unless the potential
benefits greatly exceed the potential adverse effects of administration of these vaccines to an
immunocompromised host.

c. Prophylactic therapy

(1) Varicella-zoster immune globulin (VZIG) should be administered to susceptible children after
exposure to varicella.

(2) Immune globulin should be administered to susceptible children after exposure to measles.

(3) PCP prophylaxis. Although the TCD4 and the CD4% are useful markers to predict the risk of PCP,
they are not sufficiently reliable in the first 12 months of life and especially in the first 6 months, the period
of life with the highest incidence of PCP.

(a) Initiation of prophylaxis. Prophylaxis should be initiated according to the following guidelines.

(i) All infants 4 weeks to 12 months of age born to HIV-infected mothers regardless of the TCD4 or
CD4%, unless clinical findings and laboratory tests indicate that HIV infection is very unlikely.

(ii) Children 1 to 2 years with a TCD4 less than 750/pl.

(i) Children 2 to 6 years of age with a TCD4 less than 500/pl.

(iv) Children 6 to 12 years with a TCD4 less than 200 cells/ul or CD4% less than 15%.
(v) All children with a previous episode of PCP regardless of their TCD4 or CD4%.

(b) Agents

(i) Trimethoprim-sulfamethoxazole, trimethoprim component 8 mg/kg/day or 150 mg/m2/day, given either
three times a week or daily PO in one or two divided doses, is the preferred agent.



(i) Dapsone, 2 mg/kg PO as a single daily dose, is an alternative agent for children who do not tolerate
TMP/SMZ.

(i) Intravenous pentamidine, 4 mg/kg IV given every 2 to 4 weeks, is an alternative for children who
cannot tolerate TMP, SMZ or dapsone.

(iv) Aerosolized pentamidine is an alternative for children old enough to cooperate with its administration.

(4) Prophylaxis against M. avium complex infection should be initiated when the TCD4 is less than 50
cells/uL. Rifabutin, 6 mg/kg as a single daily dose, is the preferred agent. A blood culture for
mycobacteria should be obtained first to rule out preexisting infection. Children should be monitored for
drug interactions and toxicity (i.e., gastrointestinal symptoms and painful but reversible uveitis).
Clarithromycin, 15 mg/day PO divided bid is a potential alternative; however, there is insufficient
experience to recommend this agent at the present time.

(5) Intravenous gamma globulin reduces the frequency of serious bacterial infections (pneumococcal
bacteremia and sinopulmonary infections) in some children. It is particularly helpful in reducing the
likelihood of pneumococcal bacteremia. Some centers use IVIG for all or at least a majority of the
HIV-infected children they follow. However, because not all children benefit from this therapy and
because of its expense and the need for monthly intravenous infusions, we generally reserve monthly
IVIG therapy for children who have had at least one serious bacterial infection or an episode of
bacteremia or those who are hypogammaglobulinemic.

d. Treatment of specific infections

(1) Bacterial infections are particularly common and typically involve encapsulated bacteria, such as S.
pneumoniae. See sec. lll for recommendations for the treatment of infections at specific sites (pp. 93ff.).

(2) Pneumocystis carinii pneumonia is treated with either TMP/SMZ or pentamidine (see p. 110).

(3) Thrush and Candida esophagitis is treated with intravenous amphotericin or fluconazole or oral
nystatin, clotrimazole, or fluconazole (see p. 96).

(4) Herpes simplex infection is treated with intravenous or oral acyclovir (see Table 5-5Table 5-5).
(5) Varicella and herpes zoster are treated with intravenous or oral acyclovir (see Table 5-5Table 5-5).
(6) Cytomegalovirus (CMV) infection is treated with intravenous ganciclovir (see Table 5-5Table 5-5).

(7) Measles can be very severe in HIV-infected patients and may warrant treatment with ribavirin and
vitamin A (see Table 5-5Table 5-5).

(8) Parvovirus can cause chronic anemia, which may improve with treatment with IVIG.

(9) Diarrhea is common in HIV-infected patients. Treatment is generally the same as for non-HIV-infected
patients, although Salmonella infection usually warrants treatment.



(10) Disseminated M. avium infection. Treatment involves use of multiple agents (usually 34) because
multiple drug resistance is common. Regimens must be individualized; clarithromycin, rifampin or
rifabutin, ethambutol, ciprofloxacin, amikacin, cefoxitin, and clofazime are among the agents most
commonly used. Consultation with an expert in treatment of this infection is recommended.

(11) Tuberculosis. Manifestations may be unusual and can include extrapulmonary disease. Performing
adequate tests to isolate and complete susceptibility testing of isolates of M. tuberculosis causing
infection is particularly critical in HIV-infected children. Most cases respond well to therapy, but optimal
doses and durations have not been defined. Initial therapy should involve at least two agents that are
likely to have bactericidal activity. Generally, this requires three drugs; a fourth agent should be added if
extrapulmonary disease or drug resistance is suspected. Treatment duration may need to be extended.

(12) Syphilis (see p. 126).
(13) Toxoplasmosis. Toxoplasmosis, including CNS toxoplasmosis, is unusual in pediatric patients.

e. In addition to medical management, appropriate nursing care and social support are critical to effective
care both in the hospital and at home.

f. As the disease is ultimately fatal, appropriate judgment must be used when considering use of life
support systems.

G. Viral infections.

Viral infections. Table 5-5 reviews therapy for some specific viral infections. Also, see Table 5-3, p. 103
for recommendations for postexposure prophylaxis.

H. Fungal infections

1. Candidiasis. Infections caused by Candida are discussed elsewhere: thrush (see p. 95), Candida skin
infection (see Chap. 17, p. 479), and Candida vaginitis (see Chap. 14, p. 420).

2. Cryptococcosis
a. Etiology. The causative organism is C. neoformans.

b. Evaluation. Symptoms are often vague. Meningoencephalitis is the most frequently recognized form of
infection, with headache, nausea, and vomiting as common presenting symptoms. Infections of lungs,
heart, skin, bones, and joints also occur.

c. Diagnosis. The presence of cryptococcal antigen in the CSF, serum, or urine or a "positive" CSF India
ink smear strongly suggests the diagnosis. The diagnosis is established by the growth of cryptococci from
a normally sterile site (e.g., CSF, blood, lung tissue). India ink results should be confirmed with an antigen
test.



d. Therapy
(1) Cryptococcal meningitis

(a) Treatment should include a combination of amphotericin B, 0.3 mg/kg/day, and 5-fluorocytosine, 150
mg/kg/day PO divided g6h for at least 6 weeks. Patients with severe marrow impairment in whom further
marrow suppression from 5-fluorocytosine may develop, can be treated with amphotericin B alone (0.5
mg/kg/ day) for 10 weeks. Fluconazole is the drug of choice for patients who require maintenance therapy
and may be an alternative for primary treatment of cryptococcal meningitis as well.

(b) Monitoring with weekly examination of the CSF by culture, India ink smear, and cryptococcal antigen
concentration is necessary until cultures become sterile and at the conclusion of therapy. Microscopy
should show a decrease in the number of organisms, and antigen testing should demonstrate at least a
fourfold decrease in level during treatment.

(c) Suppressive therapy with fluconazole is necessary in HIV-infected patients to prevent relapse.

3. Histoplasmosis
a. Etiology. The causative organism is Histoplasma capsulatum.

b. Evaluation and diagnosis. Clinical manifestations may be severe in the infant or immunocompromised
patient with fever, cough, adenopathy, pneumonitis, hepatosplenomegaly, and pancytopenia. Acute
pulmonary histoplasmosis presents with fever, headache, cough, chest pain, and pulmonary infiltrates.
Chronic pulmonary histoplasmosis can mimic tuberculosis. Skin testing with the histoplasmin skin test
indicates current or past infection. Serum and urine can be tested for the presence of antigen. Acute and
convalescent sera can be tested for specific IgG titer rise. Tissue, bone marrow, blood, and sputum can
be cultured, stained, or tested by DNA probe as well.

c. Therapy
(1) Uncomplicated acute pulmonary histoplasmosis requires no treatment.

(2) Itraconazole is now the drug of choice for treatment and prophylaxis of adults but pediatric experience
is limited.

(3) Amphotericin B remains the drug of choice for life-threatening disease, dosed at 0.5 to 1.0 mg/kg/day
for 6 weeks or more.

4. Blastomycosis
a. Etiology. The causative organism is Blastomyces dermatitidis.
b. Evaluation and diagnosis. Children most commonly have pulmonary disease though cutaneous and

disseminated disease also occurs. Symptoms vary widely and diagnosis depends on microscopic
wet-mount evaluation of fresh specimens, growth in culture, or the use of specific DNA probes.



c. Therapy. Itraconazole is now the treatment of choice for adults with non-meningeal,
non-life-threatening infections. More severe infections are treated with amphotericin B.

5. Aspergillosis

a. Etiology. A variety of Aspergillus species are pathogenic in humans, the most common being A.
fumigatus.

b. Evaluation and diagnosis should include

(1) Careful examination for sinusitis, necrotic nasal lesions, pneumonia, pleuritic pain, and necrotizing
skin lesions.

(2) X-ray or CT scans of the sinuses and chest.

(3) Direct microscopic examination and culture of sputum and biopsy specimens from suspected sites.
Early diagnosis is essential, and biopsies should be performed promptly.

c. The therapy for invasive aspergillosis is amphotericin B, 1.0 to 1.5 mg/kg/day (for a total dosage of
30-35 mg/kg over a period of 6 weeks or longer) and aggressive surgical debridement of lesions when
feasible. The addition of flucytosine or rifampin should be considered. Itraconazole has been successfully
used to cure Aspergillus infections in patients who are unable to tolerate amphotericin B therapy as well
as to replace amphotericin B after the initial phase of treatment.

I. Toxoplasmosis

1. Etiology. Toxoplasma gondii, an obligate intracellular parasite, is responsible for this infection.
Congenital transmission has been clearly established. Postnatally acquired infection is thought to occur
via ingestion of improperly cooked meat and exposure to cat feces. Transmission from asymptomatic
donors via blood product transfusion and organ donation has occurred

2. Evaluation and diagnosis

a. Infection is largely asymptomatic. Serologic evidence of prior infection is demonstrated in 25 to 40
percent of the population of the US. Several symptomatic forms are recognized.

(1) Congenital infection (see Chap. 6, p. 204).

(2) Acquired infection shows clinical variations ranging from a mild virus-like illness with
lymphadenopathy to chorioretinitis without systemic illness. Fatal, usually focal, disease (pneumonia and
encephalitis), which is nearly always reactivation disease, can occur in the compromised host.

b. Demonstration of rising antibody titers by complement fixation (CF), hemagglutination (HA), indirect
fluorescent antibody tests (IFA), and the Sabin-Feldman dye test establishes the diagnosis. Newborn
infections can be diagnosed by demonstration of IgM (by capture enzyme-linked immunosorbent assay



[ELIA]) or IgA Toxoplasma antibodies or the persistence of high titers of CF, HA, or IFA IgG antibodies
beyond 4 months of age. Maternal Toxoplasma IgG is usually undetectable in the infant by 6 to 12
months of age.

c. Rarely, in special circumstances, the diagnosis may be established by the demonstration of organisms
in tissue sections or smears of body fluids. To determine if an infection is recent, however, rising serologic
titers are still required.

3. Therapy
a. Congenital infection (see Chap. 6, p. 204).

b. Acquired infection. Treatment depends on the clinical severity of the illness. Dosage for pyrimethamine
is 1 mg/kg/day for the initial few weeks, then change to god. Dosage for sulfadiazine should be increased
to 100 to 200 mg/kg/day (maximum 6 g/day). Duration of therapy is 3 to 4 weeks. Folinic acid should also
be given to prevent hematologic toxicity.

c. Reactivitation disease in immunocompromised host. Pyrimethamine and sulfadiazine in the above
suggested doses are the initial recommended therapy. Obtain an infectious disease consultation if
alternative therapies are necessary.

J. Malaria

1. Etiology. Malaria, among the most lethal of worldwide human infections, is transmitted by the bite of an
Anopheles mosquito infected with Plasmodium. Four species of Plasmodium infect humans: P.
falciparum, P. vivax, P. ovale, and P. malariae. Plasmodium falciparum is the most lethal of the four and
also presents the problem of drug resistance.

2. Evaluation and diagnosis

a. The most important factor when considering the diagnosis of malaria is the patient's immune status
with respect to malaria. Plasmodium falciparum malaria in a nonimmune patient is a much more rapidly
fatal disease.

b. The common clinical manifestations of acute malaria infection are fever, rigors, malaise, headaches,
myalgias, and arthralgias. Splenomegaly is the most consistent physical finding. In children, Gl
complaints, including loss of appetite, vomiting, or diarrhea, may predominate particularly in nonimmunes.
In infants, pallor or jaundice is also seen.

c. Fever in a nonimmune individual with P. falciparum is rarely periodic. The fever pattern may become
periodic after infection is well established (patients from endemic areas): g48h in P. vivax and P. ovale
infections, q72h in P. malariae infections, and q36-48h in P. falciparum malaria. Typically, the patient
appears well between fever paroxysms.

d. It is exceedingly important in a nonimmune individual to distinguish between relapsing malaria (vivax
and ovale) and falciparum malaria. Documented malarial infections in nonimmune individuals should be



treated as falciparum malaria. Mixed infections do occur, and one should be aware of this possibility.
Textbooks of parasitology should be consulted to aid in species differentiation.

e. The complications of P. falciparum infection include cerebral malaria (presenting as coma, delirium,
and convulsions), massive hemolysis, disseminated intravascular coagulation, renal failure, pulmonary
edema, and cardiovascular collapse.

f. A history of residence or travel in an endemic area is almost always elicited.
g. The diagnosis rests on the demonstration of malaria parasites in the peripheral blood.

h. Nonimmune individuals are usually symptomatic with very low parasitemias. Therefore, a single
negative blood smear does not rule out malaria. Serial smears over 48 to 72 hours should be done if no
other source of fever or symptoms can be identified.

3. Therapy. The choice of antimalarial drugs depends on the infecting species and the geographic area
of acquisition of infection.

a. In relapsing malaria, therapy must be directed against both the erythrocytic and exoerythrocytic
parasites to prevent relapse. There is no resistance to chloroquine, but relapse may occur if this agent is
used alone.

b. Plasmodium falciparum infections in nonimmune individuals, even when the level of parasitemia is
low, should be treated immediately. The patient should be observed in the hospital until clinical
improvement or a decrease in parasitemia is noted. Plasmodium falciparum infections in individuals from
indigenous areas can be treated on an outpatient basis, based on clinical symptoms with follow-up blood
smears at 7 and 28 days. Malaria, other than that caused by P. falciparum, can be treated on an
outpatient basis.

c. In addition to vigorous antimalarial therapy, the complications of falciparum malaria require intensive
supportive measures. Transfusions with packed RBCs are given in severe hemolytic anemia. Mannitol
can be used in renal failure, and dialysis may be necessary. Careful attention to fluid and electrolyte
balance is essential. Anticonvulsants are often required in cerebral malaria.

d. Recommended treatment regimens. Given the rapidly evolving problem of drug resistance in
falciparum malaria, the CDC maintains a 24-hour- a-day service for treatment and prophylaxis
recommendations: 404- 639-1610. This information is also available on the World Wide Web:
http://www.cdc.gov.

(1) Relapsing malaria

(a) Chloroquine phosphate, 10 mg base/kg (16.6 mg/kg salt, maximum 600 mg base), followed by 5
mg/kg 6 hours later (maximum 300 mg), then 5 mg/kg/day (maximum 300 mg) for 2 days, and

(b) Primaquine, 0.3 mg/kg/day for 14 days (maximum 15 mg base/ day). All patients at risk for glucose
6-phosphate dehydrogenase deficiency should be screened before therapy with primaquine.



(2) Falciparum malaria
(a) Nonchloroquine-resistant area

(i) Chloroquine phosphate, as in sec. (1)(a) above, or if parenteral therapy is required then either
quinidine gluconate, 10 mg/kg over 1 to 2 hours, then 0.02 mg/kg/min until oral therapy can begin, or
quinine dihydrochloride, 25 mg/kg/ day (maximum 1,800 mg/day) divided tid given in normal saline over 2
to 4 hours until oral therapy can begin. Whenever parenteral therapy with quinidine gluconate or quinine
dihydrochloride is used, ECG and blood pressure monitoring are recommended.

(b) Chloroquine-resistant area

(i) Quinine sulfate, 25 mg/kg/day in divided doses tid for 3 days (maximum 2 g/day), and

(i) Pyrimethamine-sulfadoxine (Fansidar): less than 1 year, a single dose of a 1/4 tablet; 1 to 3 years,
single dose of 1/2 tablet; 4 to 8 years, single dose of 1 tablet; 9 to 14 years, single dose of 2 tablets; and

more than 14 years, single dose of 3 tablets, or

(i) Tetracycline (5 mg/kg/dose qid for 7 days, maximum 250 mg/dose) or clindamycin (20-40 mg/kg/day
divided tid for 3 days) can be substituted for pyrimethamine-sulfadoxine if necessary.

(iv) Mefloquine hydrochloride at 25 mg/kg (maximum 1,250 mg) can be used as alternative therapy.
However, there is little experience with its use in small children, and it should not be used in pregnant
women or in patients who are using beta blockers.

(v) If the patient is critically ill and unable to take medication PO, use quinidine gluconate as in sec.
above.

(c) Multiply resistant areas. Should standard therapy fail in areas with multiply resistant strains of P.
falciparum, the combination of quinine (as above) and tetracycline (5 mg/kg qid for 7 days) is

recommended.

(d) Response to therapy is evidenced by dramatic clinical improvement. Repeated blood smears show
disappearance of parasitemia. Pyrimethamine and primaquine are contraindicated in pregnancy.

4. Prevention. Barrier protection from mosquitoes should be practiced whenever possible, especially
between dusk and dawn. Persons traveling through or residing in malarious areas should receive
prophylactic suppressive therapy as follows.

a. Chloroquine-sensitive area

(1) Chloroquine phosphate, 5 mg base/kg (8.3 mg salt’/kg; maximum 300 mg base) once a week, to be
started 1 week before travel and continued for 4 weeks after the last exposure.

(2) To prevent relapsing malaria, a 14-day course of primaquine should be taken concurrently with the



final 2 weeks of chloroquine therapy.
b. Chloroquine-resistant area

(1) For children 15 kg or greater, weekly mefloquine can be used for prophylaxis (15-19 kg, 1/4 tablet;
20-30 kg, 1/2 tablet; 31-45 kg, 3/4 tablet) to be started 1 week before travel and continued for 4 weeks
after the last exposure. Mefloquine should not be given to travelers with epilepsy, a psychiatric disorder,
cardiac conduction problems, or in the first trimester of pregnancy.

(2) For children who cannot take mefloquine and are 8 years of age or older, doxycycline (2 mg/kg/day;
maximum 100 mg/day) can be used beginning the day before they enter the malarial area and continued
for 4 weeks after they leave.

(3) For smaller and younger children, recommendations are more complex and should be done in
consultation with a Traveler's Clinic or the CDC.

K. Helminthic infections

Helminthic infections. Table 5-6 outlines clinical features and therapy for specific infections.

6 Management of the Sick
Newborn* Top

Anne R. Hansen and Charles F. Simmons

I. Anticipation of high-risk delivery.

Anticipation of high-risk delivery. The majority of pregnancies result in the delivery of a healthy newborn.
However, it is essential to identify maternal, fetal, perinatal, and neonatal conditions that increase the risk
of neonatal illness. If possible, infants earlier than 32 weeks' gestation and those with known anomalies
should be delivered in a hospital with an intensive care nursery. Intensive perinatal management
(tocolytics, steroids, and fetal monitoring) can often optimize neonatal outcome.

A. General antenatal assessment.

General antenatal assessment. Factors associated with high-risk pregnancy are listed in Table 6-1Table
6-1. When assessing a high-risk pregnancy, it is most important to obtain information regarding
gestational age, maturity of specific organ systems, fetal size and rate of growth, and fetal-placental
health.



1. Gestational age. Accurate obstetric dating should supersede postnatal estimates unless there is a
major discrepancy (>2 wk). Obstetric dating is a composite estimate based on the following information.

a. Date of the last menstrual period.
b. Date of first reported fetal activity. "Quickening" is first felt at approximately 16 to 20 weeks.

c. Date of first recorded fetal heart sounds, approximately 10 to 12 weeks by ultrasonic Doppler and
about 20 weeks by fetoscope.

d. Pregnancy tests. Quantitative assessment of beta-human chorionic gonadotropin (beta-HCG).

e. Uterine size is an accurate predictor in the absence of multiple gestations and structural abnormalities.
f. Early ultrasonographic findings.

g. Dated fertility procedures provide the exact gestational age.

2. Maturity of specific organ systems. Pulmonary maturation can be predicted from measurement of
amniotic fluid phospholipids (see p. 178).

3. Real-time ultrasonography can identify structural malformations, fetal position, multiple gestations,
abnormalities of fetal growth, ascites and hydrops, and other conditions revealed through amniocentesis

or fetal blood and tissue sampling

4. Fetal size and rate of growth can be determined from uterine size and by ultrasonographic estimates
of biparietal diameter, femur length, and abdominal circumference.

5. Fetal well-being. Fetuses at risk for intrapartum asphyxia require the pediatrician to be prepared for
newborn resuscitation. Tests of fetal well-being include

a. Nonstress monitoring. Assesses reflex acceleration of fetal heart rate, and is reliable from 32 weeks'
gestation.

(1) Reactive: reassuring.

(2) Nonreactive: concerning, repeat. If nonreactive again, proceed to sec. b or ¢ below.
b. Oxytocin challenge test assesses fetal reserve during uterine contractions.

c. Ultrasound biophysical profile (BPP)

(1) Ten-point scale, similar to Apgar score.

(2) Two points each for fetal breathing, tone, activity, heart rate (nonstress test), and amniotic fluid
volume.



(3) Interpretation: 3 or less-intervene; 4 to 7-retest/suspect; 8 or greater-reassuring.

d. Intrapartum fetal heart rate monitoring.

e. Fetal scalp pH. Concerning if less than 7.25.

f. Percutaneous umbilical blood sampling to assess fetal acid-base status (see below).

B. Identified fetal risks.

Identified fetal risks. High-risk pregnancies should be referred to a perinatal center for evaluation.

1. Maternal medical problems. Women with serious preexisting or acquired medical conditions, such as
preeclampsia, should be evaluated for delivery at a tertiary care center.

2. Maternal infection

a. Routine screening: rubella, hepatitis B (hepatitis B surface antigen [HBsAg]), and syphilis exposure
(rapid plasma reagin [RPR]).

b. Additional screening: group B streptococcus genitourinary colonization, tuberculosis.

3. Genetics. Fetuses may demonstrate an abnormal karotype or inherited Mendelian disorder.
4. Anomalies identified by prenatal ultrasound.

C. Intrapartum tests of fetal well-being

1. Fetal heart rate monitoring

a. Baseline rate

(1) Normal: 120 to 160 beats per minute.

(2) Bradycardia: fetal congenital heart malformation, maternal systemic lupus erythematosus (SLE) with
fetal heart block.

(3) Tachycardia: maternal fever, chorioamnionitis, fetal tachyarrhythmia +/- fetal congestive heart failure
(CHF).

b. Beat-to-beat variability
(1) Normal: 5 to 10 beats per minute.

(2) Reduced: fetal CNS depression due to hypoxia, fetal sleep, fetal immaturity, maternal narcotic or



sedative exposure.

c. Decelerations

(1) Early (type 1): coincident with onset of uterine contractions, secondary to head compression; normal.
(2) Late (type Il): start after onset of uterine contractions, suggest fetal hypoxia.

(3) Variable (type IIl): no consistent temporal relationship to contractions. May suggest umbilical cord

compression but is often normal. Concerning when associated with other abnormalities of fetal
monitoring.

II. Care of the newborn in the delivery room

A. Preparation

1. A thorough knowledge of the maternal and fetal history is essential (see sec. I).

2. The factors associated with increased risk to the newborn are listed in Table 6-1Table 6-1. Two
clinicians experienced in the resuscitation of the newborn should be present at the delivery of a high-risk

infant. One clinician must be skilled in intubation.

3. Before the delivery of a high-risk infant, the pediatric clinicians should discuss the expected condition
and prognosis of the infant with the parent.

4. Equipment should be located and tested before delivery

a. Preheated radiant warmer bed, prewarmed blankets.

b. Cord-cutting materials and clamp.

c. Suction with manometer. Suction should be set to 80 to 100 cm H20.

d. Infant suction bulb.

e. Oxygen source with flowmeter and an anesthesia bag or self-inflating bag with a reservoir capable of
delivering 100% oxygen, an adjustable valve or "pop-off"' control, and an in-line manometer for observing
airway pressure. Oxygen should flow at 5 to 8 liters per minute and valve position should be tested.

f. Infant face masks large enough to cover the mouth and nose without covering the eyes.

g. Infant stethoscope.

h. Laryngoscope with size 0 and 1 blades, fresh batteries, and bulbs.



i. Uniform-diameter endotracheal tubes with 2.5-, 3.0-, and 3.5-mm internal diameters (at least two of
each). Stylets should be used with caution because of the risk of airway trauma.

j. Feeding tube (No. 8 French [F]), 20-ml syringe, and adhesive tape for gastric decompression.
k. Drugs. Epinephrine, 1:10,000; NaHCO3, 0.5 mEqg/ml (4.2%); naloxone (Narcan), 0.4 or 1.0 mg/ml;
saline; and albumin (5%). The use of NaHCO3 during neonatal resuscitation should be reserved for

those infants with metabolic acidosis and effective ventilation.

I. Umbilical catheterization tray with 3.5F and 5F catheters, three-way stopcock, and 10- and 20-ml
syringes.

m. A prewarmed transport Isolette with portable oxygen supply.

n. Caps, masks, goggles or face shield, gloves, and gown should be worn routinely as universal
precautions.

B. Immediately after delivery (Fig. 6-1)

Fig. 6-1. Overview of resuscitation in the delivery room. (Reproduced with permission from RS Bloom, C
Cropley, and the AHA/AAP Neonatal Resuscitation Program Steering Committee. Textbook of Neonatal
Resuscitation, 1987, 1990, 1994. Copyright American Heart Association.)

1. General procedures

a. Place the infant on a warming table.

b. Dry the infant and remove wet linen.

c. Position the infant with the neck slightly extended.

d. If effective respirations do not begin, stimulate the infant briefly by vigorously rubbing the back or
flicking/slapping the soles.

e. Evaluate the infant's respirations.
(1) If respirations are spontaneous and effective, evaluate heart rate.

(2) If infant is apneic, or respirations are ineffective, proceed with positive pressure ventilation (PPV) (see
3 below).

f. Evaluate the heart rate

(1) If heart rate is greater than 100, check skin color.



(2) If heart rate is less than 100, proceed with PPV (see 3 below).

g. Evaluate skin color

(1) If no central cyanosis is present, observe.

(2) If central cyanosis is present, administer free-flow oxygen at 5 to 8 liters per minute, with tubing held
steadily 1 cm from nares or with firmly applied oxygen mask. Slowly withdraw and observe carefully for
recurrence of cyanosis.

h. All infants should have a brief examination for anomalies.

2. Meconium at delivery

a. If thick meconium is present, the obstetrician should suction the oropharynx before the shoulders are
delivered. When received from the obstetrician, intubate and suction the trachea before triggering the first

breath by drying and stimulating the infant.

b. If thick meconium is not present, bulb suction the mouth first, then the nose. Gastric aspiration and
deep suctioning in the first 5 minutes of life can produce bradycardia and should not be done routinely.

c. Continue as in 1 above.
3. Resuscitative procedures

a. If infant is apneic or cyanotic, or respirations are ineffective, positive pressure ventilation should be
administered with 100% oxygen. Ventilate at a rate of 40 to 60 breaths per minute.

(1) The following initial pressures are recommended.

(a) First breath: 30 to 40 cm H20.

(b) Succeeding breaths: 15 to 20 cm H20 is often adequate.
(c) Pulmonary disease: 20 to 40 cm H20 may be required.
(2) If there is inadequate chest movement with PPV:

(a) Reapply mask to face (adequate seal).

(b) Reposition the head (adequate airway).

(c) Suction secretions, if present (adequate airway).

(d) Ventilate with the infant's mouth slightly open (for blocked airway).



(e) Increase pressure to 20 to 40 cm H20 (adequate pressure).
(3) After 15 to 30 seconds, the heart rate, (HR) should be rechecked.

(a) If the heart rate is greater than 100 and spontaneous respirations are observed, apply free-flow
oxygen and then withdraw as above.

(b) If the heart rate is 60 to 100 and increasing, continue PPV, then recheck after another 15 to 30
seconds.

(c) If the heart rate is less than 100 and not increasing, PPV is continued. Start chest compressions if HR
is less than 80 and not increasing.

b. An orogastric catheter should be inserted and left in place if bag-and-mask ventilation is required for
more than 2 minutes. The length of the inserted catheter should be equal to the distance from the bridge
of the nose to the earlobe to the xiphoid. A 20-ml syringe is used to remove the gastric contents. The
catheter is taped to the infant's cheek.

c. Chest compressions, if necessary, should be performed by depressing the lower third of the sternum
(below a line between the nipples and above the xiphoid) with two thumbs (with the hands encircling the
torso) or the index and middle fingers. The sternum should be depressed 1/2 to 3/4 in. at a rate of 120
times per minute.

d. Endotracheal intubation is necessary in the following situations (see sec. lll.A.2).

(1) Prolonged positive pressure ventilation is required.

(2) Bag-and-mask ventilation is ineffective.

(3) Tracheal suctioning is required.

(4) Diaphragmatic hernia is suspected (see also sec. XlII.D.3).

e. Medications (Table 6-2 Table 6-2 and Fig. 6-2)

Fig. 6-2. This summary contains key points related to the use of medications during neonatal
resuscitation. (Reproduced with permission from RS Bloom, C Cropley, and the AHA/AAP Neonatal
Resuscitation Program Steering Committee. Textbook of Neonatal Resuscitation, 1987, 1990, 1994.
Copyright American Heart Association.)

Fig. 6-2B. This summary contains key points related to the use of medications during neonatal
resuscitation. (Reproduced with permission from RS Bloom, C Cropley, and the AHA/AAP Neonatal
Resuscitation Program Steering Committee. Textbook of Neonatal Resuscitation, 1987, 1990, 1994.

Copyright American Heart Association.)

(1) Epinephrine is indicated if the heart rate is zero or remains below 80 despite adequate ventilation



(with 100% oxygen) and chest compressions for a minimum of 30 seconds.

(2) Naloxone is indicated if the infant exhibits respiratory depression and has a history of maternal
narcotic exposure.

(3) Common sites of drug administration

(a) Epinephrine and naloxone diluted in 1 to 2 ml normal saline can be administered by endotracheal
instillation until vascular access is available.

(b) An umbilical venous catheter can be inserted into the vein of the umbilical stump until the tip of the
saline-flush catheter is just below the skin level and free flow of blood is present.

f. Inform the parents of assessment and plan when feasible. If the infant appears well, encourage the
parents to hold the infant when appropriate.

0. Apgar scores are assigned to describe the infant's condition at 1 and 5 minutes, and every 5 minutes
until the score is greater than 7 (Table 6-3Table 6-3).

lll. Intensive care of the sick newborn
A. Management of the airway and respiration

1. Establish patency of the airway. The infant can usually be adequately ventilated by bag and mask until
preparations are made for intubation.

2. Intubation in the delivery room
a. Equipment. In the delivery room or in an emergency, oral intubation is quickest and easiest.
Nasotracheal placement may be more stable for long-term use. Endotracheal tube size (internal diameter

in mm) can be determined using the table below, or can be calculated as follows:

ETT size = postconceptional age in weeks

10
Infant weight (g) Tube size Laryngoscope blade
< 1,000 25 0
1,000-2,000 3.0 0

> 2,000 3.5 0-1



b. Method
(1) Suction the stomach and oropharynx.

(2) If the intubation is elective, attach a cardiac monitor and an oximeter or transcutaneous oxygen
tension (PO2) monitor.

(3) Determine the proper tube length before intubation. For orotracheal intubation, a mnemonic is "1-2-3
kg, 7-8-9 cm, tip to lip." For nasotracheal intubation, add 2 to 3 cm.

(4) The baby should be ventilated with a bag and mask just before intubation.

(5) The infant's head should be placed in a neutral position, avoiding excessive extension or flexion of
the neck. Hold the laryngoscope between the thumb and first finger of the left hand. Use the second and
third fingers to hold the chin and stabilize the head. Open the mouth with the right hand. Push down on
the larynx with the fifth finger of the left hand (or have an assistant do it) and keep the infant's head
straight. Pass the laryngoscope into the right side of the mouth and then swing it to the midline, pushing
the tongue out of the way.

(6) Hold the endotracheal tube with the right hand and insert it directly between the vocal cords to about
2 cm below the glottis. Most commercial tubes are marked with a circumferential ring, which should come
to rest at the vocal cords. During nasotracheal intubation, Magill forceps are usually necessary to guide
the tube between the cords. If the fifth finger is pressing on the trachea, the tube can be felt as it slips into
place. A stylet should be used only if necessary, to stiffen the endotracheal tube. Resistance can indicate
incorrect positioning of the infant or anatomic abnormality of the upper airway.

(7) During the procedure, one person should continually observe the infant and monitor the heart rate.
The infant should not be allowed to become hypoxic or bradycardic during intubation. If bradycardia
occurs, if there is doubt about successful tube placement, or if intubation has not been accomplished
within 20 seconds, stop the procedure and ventilate the infant with a bag and mask.

(8) Check the tube position by auscultation to ensure equal aeration of both lungs. If air entry is poor over
the left chest, pull back the tube until aeration improves. Auscultate the area over the stomach to evaluate
the possibility of an esophageal intubation.

(9) If air entry remains asymmetric despite tube repositioning, evaluate the infant for possible
pneumothorax by auscultation, transillumination, or portable chest x-ray. If chest movement is poor, the
tube is in a good position, no pneumothorax is present, and adequate ventilatory pressure is being used,
consider anatomic or developmental abnormalities (e.g., diaphragmatic hernia, hypoplastic lungs, severe
lung immaturity) with poor lung compliance.

(10) Tape the tube securely and obtain an x-ray to check its position.

3. Ventilation

a. Continuous positive airway pressure (CPAP) is indicated for



(1) Hyaline membrane disease (HMD), when an inspired oxygen concentration (FiO2) greater than 0.4 to
0.6 is required to maintain an arterial oxygen tension (PaO2) of 50 to 70 mm Hg, or when there is
significant clinical worsening during the first day of life. Application of CPAP early in the course of HMD
can decrease the time spent in high oxygen concentrations, reduces alveolar collapse, and avoids the
need for mechanical ventilation.

(2) Apnea that is unresponsive to other forms of therapy (see p. 184).

(3) Postextubation management for babies with reduced respiratory reserve.

b. Intermittent positive pressure ventilation (IPPV) is indicated for

(1) HMD, when the PaO2 is less than 60 mm Hg at an FiO2 of 0.4 to 0.6 on adequate CPAP. Surfactant
administration is often warranted in these circumstances (see p. 179).

(2) Respiratory failure: carbon dioxide tension (PCO2) is greater than 60 to 70 mm Hg; pH is less than
7.20.

(3) Apnea unresponsive to CPAP.

c. The actual levels of PaO2 and arterial carbon dioxide tension (PaC0O2) selected for intervention
depend on the disease course.

(1) For hyaline membrane disease, ventilation is adjusted to maintain PaO2 = 50-70 mm Hg, PaCO2 =
45-55 mm Hg, and pH = 7.28-7.35.

(2) Patients with persistent pulmonary hypertension may require a respiratory alkalosis with systemic
alkalosis (see p. 183).

(3) Patients with exclusively alveolar disease should be ventilated normally.

B. Shock in the delivery room.

Shock in the delivery room. Blood pressure in healthy newborns varies by birth weight. Emergency
packed red cells, 5% albumin, or normal saline may be required for volume expansion in cases of acute
perinatal hemorrhage.

C. Other emergency procedures

1. Blood gas sampling

a. Capillary (arterialized) blood obtained from a warmed heel in a heparinized Natelson tube, by heel
stick.

b. Direct puncture of the radial or posterior tibial artery. Avoid brachial and femoral arterial punctures.



c. If the infant's condition is unstable, cannulation of the umbilical, radial, posterior tibial, or dorsalis pedis
arteries may be necessary.

d. Catheters in the temporal artery are relatively contraindicated.

2. Umbilical artery catheters. Indwelling arterial catheters increase the risk of life-threatening infection
and thromboembolism.

a. Indications

(1) Patients with a high risk of death from their primary disease (e.g., extreme prematurity, birth weight <
1,000 g, HMD, persistent pulmonary hypertension, severe aspiration pneumonia, shock).

(2) Patients who require frequent arterial blood sampling.

(3) Alternatives to invasive arterial monitoring include use of transcutaneous PO2 monitoring and pulse
oximetry.

b. Methods

(1) Use sterile procedure (gloves, gown, mask, and cap).

(2) Measure shoulder to umbilical distance before draping patient, in order to calculate appropriate
catheter insertion length. Estimate the insertion depth by referring to Fig. 6-3 or by using one of the
following formulas (for high lines).

Fig. 6-3. Shoulder-umbilical distance measured above lateral end of clavicle to umbilicus versus length of
umbilical artery catheter needed to reach designated level. (From PM Dunn. Arch Dis Child 41:69,
1966.)Alternative calculation by weight is: Catheter length (in cm)= 3(birth weight in kg) + 9. (From H
Shukla. Am J Dis Child 140:786, 1986. Copyright 1986, American Medical Association.)

(a) Shoulder-umbilical cord distance + 2 cm.

(b) (3~ birth weight in kg) + 9 cm.

(3) Carefully wash the cord and surrounding area with povidone-iodine (Betadine) and then alcohol.
Excessive iodine exposure can induce either transient hypothyroidism or hyperthyroidism. Drape the
infant's abdomen with sterile towels.

(4) Cut the cord 1.0 cm from the skin. Tie the base with a cord tie.

(5) Identify the two umbilical arteries. Gently insert one, then two tips of a pair of iris forceps into the
lumen of one artery. Slowly allow the forceps to expand and dilate the artery.

(6) Insert a saline-filled catheter (5 Fr for infants who weigh over 1,250 g and 3.5F for infants who weigh



under 1,250 g) the precalculated distance into the artery.

(7) Obtain a radiograph after placement of all umbilical catheters. The tip should be either at or below the
level of L3-L4 or just above the diaphragm (T6-T10).

(8) Secure the properly positioned catheter with a suture and adhesive tape.
(9) Infuse a solution containing 0.5 to 1.0 units heparin/ml infusate to minimize thrombosis.
(10) Remove arterial catheters as soon as possible.

3. Peripheral arterial catheters can be placed as an alternative to an umbilical aterial catheter (see Chap.
7).

4. Umbilical vein catheters

a. Indications. Umbilical vein catheters are used for emergency access to the circulation, for exchange
transfusion, and for central venous access in very sick or very small (<750 g) infants.

b. Methods
(1) Prepare as for umbilical artery (UA) catheterization.
(2) Identify the vein, remove visible clots, and dilate with a pair of iris forceps.

(3) Insert a saline-filled 5F catheter. If the infant weighs less than 1,250 g, a 3.5F catheter may be
necessary. A multiholed catheter is used for exchange transfusions, and a single-holed catheter for
long-term placement. Estimate insertion depth and confirm position by x-ray before hypertonic infusions
are begun by referring to Fig. 6-4, or by using one of the following formulas.

Fig. 6-4. Length from shoulder to umbilicus versus length of umbilical vein catheter. (From PM Dunn. Arch
Dis Child 41:69, 1966.)Alternative calculation by weight is: Catheter length (in cm) = 1/2(UA catheter
length) +1 (see legend Fig. 6-3). (From H Shukla. Am J Dis Child 140:786, 1986. Copyright 1986,
American Medical Association.)

(a) Two thirds of shoulder-umbilical cord distance.
(b) (/2 UA line calculation) - 1 cm (see 2.b.(2) above).

(4) For exchange transfusion, insert the catheter until free blood flow is achieved (usually 5-7 cm). Keep
the catheter and surrounding area sterile during placement and transfusion. Following exchange, place a
purse-string silk suture around the vein before removing the catheter. For subsequent exchanges, the
cord should be soaked with warm saline until it is soft. The suture will assist in identification of the vein
and reinsertion of the catheter.



IV. Respiratory diseases
A. Hyaline membrane disease (HMD)

1. Etiology. Absence or deficiency of surfactant, a complex phospholipid and protein mixture that
normally lines alveoli and decreases surface tension. The risk of HMD is increased with prematurity and
factors that impair lung maturation and surfactant production.

2. Prenatal evaluation
a. Reliable amniotic fluid indices of fetal lung development include the lecithin-sphingomyelin (L/S) ratio,
disaturated phosphatidylcholine (DSPC) concentration, and fetal lung maturity (FLM) test. The predictive
value of an assessment of fetal lung maturity depends on the gestational age of the fetus (prior

probability) and value of the L/S, SPC, or FLM.

(1) An L/S ratio that exceeds 2.0 predicts less than a 5% risk of HMD in fetuses of 28 to 32 weeks'
gestation.

(2) The L/S ratio must be greater than 3.5:1 or the DSPC greater than or equal to 1,000 to predict
pulmonary maturity in infants of diabetic mothers. The predictive value of the FLM in diabetic women has
not been established

(3) The risk is less than 1% if the DSPC is greater than or equal to 500 pg/dl.

b. Maternal corticosteroid therapy. If an infant of less than 34 weeks' gestation with evidence of
pulmonary immaturity (L/S < 2:1) must be delivered, pulmonary maturity can be accelerated by treatment
with maternal glucocorticoids.

(1) Betamethasone or dexamethasone, administered over 48 hours.

(2) Reassessment of fetal lung maturity indices will guide subsequent glucocorticoid therapy if the infant
remains undelivered for more than 7 days and the risk of premature delivery remains high.

3. Postnatal evaluation must rule out sepsis, pneumonia, transient tachypnea of the newborn,
pneumothorax, and congenital heart disease.

a. Physical examination. Signs of HMD in the premature infant include grunting respirations, flaring,
retractions, tachypnea, and hypoxia in room air, with onset of signs shortly after birth.

b. Laboratory
(1) Chest radiograph.

(2) An arterial blood gas (ABG) should be obtained and oximeter or transcutaneous PO2 monitoring
should be initiated.



(3) Hypoxemic infants should be evaluated for congenital heart disease (see sec. V, p. 185).

(4) Blood culture.
(5) Complete blood count, including a platelet count.

4. Diagnosis is confirmed by the chest radiograph. The radiographic appearance of HMD includes low
lung volumes and a generalized haziness or a reticulogranular "ground glass" pattern with air
bronchograms.

5. Treatment

a. Temperature must be carefully regulated, especially in the low-birth-weight infant.

b. Oxygen

(1) Dosage. The lowest concentration of oxygen to maintain the PaO2 at about 55 to 65 mm Hg should
be administered. Oxygen should be properly warmed and humidified, and the humidity chamber changed
daily to minimize bacterial growth. Oxygen should be administered via oxygen-air blenders with precise
control over the concentration of administered oxygen, and checked at least every hour. If an infant
requires intermittent assisted ventilation with an anesthesia bag, the oxygen concentration administered
via the bag should be similar to that usually required by the infant. Blood gases should be obtained 15 to
20 minutes after a change in respiratory therapy and regularly while receiving oxygen. The use of a
transcutaneous PO2 (TcPO2) monitor or pulse oximeter allows the continuous assessment of the infant's
oxygenation and decreases the need for frequent blood gas monitoring.

(2) Oxygen toxicity. Prolonged PaO2 over 100 mm Hg may contribute to retinopathy of prematurity in
infants less than 1,500 g. Administration of high concentrations of oxygen can also be toxic to the lungs of

all newborns.

(3) Delivery of oxygen. If the infant's oxygen requirement exceeds that which can be delivered by hood
(PaO2 < 50 mm Hg despite FiO2 > 0.6), or if hypercapnia (PaCO2 > 60 mm Hg) or apnea uncontrolled by
other therapies is present, CPAP or mechanical ventilation is indicated (see sec. I1l.A.3).

c. Surfactant replacement therapy. Early administration of exogenous surfactant to premature infants
with surfactant deficiency can significantly reduce the severity of HMD, decrease the incidence of
pneumothorax, and improve survival rates.

(1) Surfactant therapy may slightly increase the relative risk of pulmonary hemorrhage but the benefits of
surfactant treatment outweigh the associated risks. Absolute risk remains small.

(2) The benefit of prophylactic treatment exceeds that of rescue therapy. However, increased risk and
expense accompany prophylaxis strategies since respiratory distress syndrome (RDS) would never have
developed in many treated babies.



(3) Currently, there are two Food and Drug Administration (FDA)-approved preparations of surfactant in
the United States.

(a) Survanta, 4 cc/kg via endotracheal tube (ETT) q6h ~ 4.
(b) Exosurf, 5 cc/kg via ETT gq12h ~ 2-4.

d. Fluid and electrolyte balance should be maintained (see p. 213). Relative dehydration decreases the
incidence and severity of HMD, bronchopulmonary dysplasia (BPD), and patent ductus arteriosus (PDA).

e. Severe metabolic acidosis should be corrected with bicarbonate infusion if the patient is ventilating
adequately to excrete excess carbon dioxide.

(1) In profound metabolic acidosis (pH < 7.10), infuse a solution of NaHCO3 to correct the calculated
base deficit (mEg = 0.3 " kg ~ base deficit) at a rate no faster than 1 mEg/kg/min.

(2) If the acidosis is less severe (pH 7.10), correct by slow infusion of an NaHCO3-dextrose solution to
replace the calculated deficit over several hours. A solution of 15 mEq NaHCO3/dl in 5 or 10% dextrose
in water (D/W) will provide adequate treatment of the acidosis while avoiding the use of hyperosmolar
solutions, which have been associated with intraventricular hemorrhage in the premature neonate.
Infusion of sodium bicarbonate obligates a sodium load and can expand extracellular fluid volume.

f. Follow blood pressure and cardiac output carefully (Fig. 6-5). If the infant is hypovolemic, support
intravascular volume with infusions of normal saline, 5% albumin, or packed RBC as appropriate.

Fig. 6-5. Linear regressions (broken lines) and 95%confidence limits (solid lines) of systolic (left) and
diastolic (right) aortic blood pressures on birth weight in 61 healthy newborn infants during the first 12
hours after birth. (From HT Versmold et al. Pediatrics 67:607, 1981. Copyright 1981, American Academy
of Pediatrics.)

g. Maintain adequate oxygen-carrying capacity by transfusion of packed RBCs. Monitor blood glucose
frequently during transfusions to avoid hypoglycemia.

h. Antibiotic coverage (ampicillin and an aminoglycoside) should be considered after appropriate cultures
have been obtained, since pneumonia can mimic the clinical and radiographic appearance of HMD. If
clinical and laboratory evaluation of infection are negative, antibiotics can be discontinued after 48 to 72
hours.

i. Hypocalcemia and hyperbilirubinemia should be corrected as described on p. 203 and p. 192.
j- Appropriate nutrition should be provided. Feedings can often be started by the third or fourth day in
mild ilinesses. In more severe illnesses, however, this may not be possible, and IV hyperalimentation

should be given to provide additional carbohydrate, lipid, and protein (see Chap. 11).

k. The risk of complications of prematurity, such as intraventricular hemorrhage, PDA, pneumothorax,
nosocomial infection, bronchopulmonary dysplasia, retinopathy of prematurity, and hearing loss, increase



with severity of respiratory illness.
B. Perinatal meconium aspiration

Perinatal meconium aspiration can obstruct newborn airways, impair gas exchange, increase pulmonary
vascular resistance, and result in severe respiratory distress and hypoxemia.

1. Etiology. Passage of meconium in utero and subsequent aspiration; can result from hypoxic and
ischemic stress.

2. Evaluation and diagnosis

a. History. Severity of disease is related to the thickness of the meconium, amount aspirated, and
presence of persistent pulmonary hypertension or sequelae of neonatal depression.

b. Physical examination. Respiratory distress can be mild to severe.
c. Laboratory
(1) ABG. Systemic hypoxemia is more prominent than respiratory acidosis.

(2) Chest radiographs can demonstrate coarse, irregular, pulmonary alveolar densities. Also, 10 to 20%
of infants will have associated pneumothorax or pneumomediastinum.

(3) A CBC and blood culture are indicated because meconium aspiration increases the risk of bacterial
pneumonia.

3. Therapy
a. Prevention

(1) Prevention of passage of meconium in utero. Tests of fetal well-being can be done in preghancies at
risk for uteroplacental insufficiency, including postterm (> 42 weeks) pregnancies.

(2) Prevention of meconium aspiration

(a) Thick, particulate, or "pea-soup" meconium (see p. 170).

(b) Immediately after birth, the infant should be passed to a warming table. A clinician should intubate
and suction the trachea under direct laryngoscopy with a 3.0- to 3.5-mm endotracheal tube. Wall suction
(set at 100 mm H20) should be used. Intubation and suction should be performed until the meconium has
been cleared. One or two intubations are usually sufficient.

(c) Oxygen by mask should be administered as soon as the trachea has been cleared.

(d) The airway should be cleared and ventilation initiated before significant bradycardia occurs.



(e) It is not necessary to suction the trachea of infants born through thin meconium who have effective
respirations at the time of delivery. Risk of intubation exceeds the benefit of suctioning in this
circumstance.

(3) Respiratory physiotherapy and oropharyngeal suction should be provided to assist pulmonary toilet.
(4) Hypoxia should be treated with supplemental oxygen. Severe metabolic acidosis should be corrected
with a bicarbonate infusion (see sec. A.5.e above). Careful monitoring of blood gases is essential, and the
placement of an indwelling arterial catheter for blood sampling may be required. Treatment of persistent

hypoxia (PaO2 < 50 mm Hg) or severe hypercapnia (PaCO2 > 60 mm Hg) requires intubation and
mechanical ventilation (see pp. 174-5).

(5) Maintenance fluid and electrolytes should be provided.

(6) If a radiographic infiltrate is evident, broad-spectrum antibiotics should be administered after blood
cultures have been obtained.

(7) Hypoxia and acidosis can contribute to persistent pulmonary hypertension with resultant hypoxemia
due to right-to-left shunting of blood via the patent ductus arteriosus or foramen ovale, or both.

C. Air leak

1. Etiology: results from dissection of air into the pulmonary parenchyma outside the alveolar and
bronchial tree.

2. Evaluation and diagnosis

a. History. Increased risk of pneumothorax occurs in infants with HMD or pneumonia, infants who have
required resuscitation, or infants with meconium aspiration syndrome.

b. Physical examination

(1) Clinical signs of pneumothorax develop rapidly and include moderate to severe respiratory distress,
cyanosis, reduced breath sounds, chest asymmetry, a shift of the apical beat away from the side of
pneumothorax, and a decline in blood pressure and perfusion.

(2) Pneumomediastinum can cause distant heart sounds and may be a harbinger of other air leak. It is
most reliably diagnosed by chest radiograph.

(3) Pneumopericardium causes immediate deterioration in blood pressure, heart rate, and arterial
oxygen saturation and can be lethal if not diagnosed and treated quickly. It should be considered in the
presence of pneumomediastinum and pneumothorax.

(4) Pneumoperitoneum. Air can dissect into the abdomen through the posterior mediastinum. Rarely a
cause of significant respiratory compromise, a perforated abdominal viscus must be excluded. Accurate



diagnosis requires evaluation of clinical condition and radiographic imaging of the abdomen.

c. Diagnosis

(1) Anteroposterior and cross-table lateral chest radiographs.

(2) A fiberoptic transilluminator; the room must be sufficiently dark for effective transillumination.

3. Treatment

a. Pneumothorax

(1) Observation. Infants without respiratory distress, underlying pulmonary disease, or the need for
positive pressure ventilation can be managed with conservative therapy. This consists of close
observation, frequent small feedings to minimize crying, and a follow-up x-ray. Extrapulmonary air usually
resolves in 24 to 48 hours. The use of 100% oxygen (for <24 hr), while effective in speeding the
resolution of pneumothorax, is not recommended in premature infants because of the danger of

retinopathy of prematurity.

(2) Needle aspiration is a useful therapeutic and/or diagnostic procedure in the critically ill infant with
respiratory or hemodynamic compromise possibly due to pneumothorax.

(a) Place the infant in a supine position.

(b) Attach a 23- or 25-gauge "butterfly" or a 20 to 22-gauge angiocath needle to a 20-cc syringe via a
three-way stopcock.

(c) Insert the needle through the second intercostal space in the midclavicular line. Walk the needle over
the rib to minimize the chance of bleeding from the intercostal artery. Avoid the nipple.

(d) Apply continuous suction with the syringe as the needle is inserted. A rapid flow of air will occur when
the pleural air space is entered.

(e) If air continues to leak, a chest tube must be inserted. Because the needle can puncture the lung
parenchyma (with a small chance of bronchopleural fistula), remove as soon as possible.

(3) Chest tube placement. Continued air leak in infants with significant pulmonary disease or positive
pressure airway support, or both, should be treated with chest tube placement and suction for evacuation
of extrapleural air. This should be performed or supervised by an experienced practitioner.

(4) Persistent pneumothorax may require selective bronchus intubation or catheter occlusion to stabilize
pulmonary gas exchange.

(5) High-frequency ventilation can provide effective support of gas exchange and reduce the degree of
pleural gas accumulation.



b. Pneumomediastinum requires no specific therapy.

¢. Pneumopericardium

(1) Symptomatic pneumopericardium should be treated by immediate drainage of pericardial air.

(a) Following sterile preparation, insert a 20-gauge needle or catheter connected via a three-way
stopcock to a 10 to 20-cc syringe in the subxiphoid region, directed superiorly toward the posterior left
shoulder. With suction on the syringe, advance the needle until air appears.

(b) When the air stops flowing, withdraw the needle.

(2) Often, a single aspiration results in clinical improvement. Recurrent symptomatic pneumopericardium,
which should be aspirated, will occur in 25 to 40% of patients.

(3) Refractory pneumopericardium will require placement of a 16-gauge Intracath or a surgically placed
catheter.

D. Neonatal persistent pulmonary hypertension (PPHN)

Neonatal persistent pulmonary hypertension (PPHN) is a syndrome of suprasystemic pulmonary vascular
resistance that induces systemic hypoxemia as a result of right-to-left shunting at the ductus arteriosus or
foramen ovale, or both.

1. Etiology

a. PPHN is a multifactorial syndrome that results from failure of postnatal decline of pulmonary vascular
resistance, sometimes accompanied by hypertrophy and distal extension of pulmonary artery smooth
muscle and constriction of the pulmonary vascular bed.

b. The failure of transitional circulation can be associated with

(1) Aspiration syndromes (meconium, blood, amniotic fluid).

(2) Pneumonia, sepsis (especially in term infants).

(3) Diaphragmatic hernia and pulmonary hypoplasia.

(4) Rarely, alveolar-capillary dysplasia.

2. Evaluation and diagnosis

a. With shunting, preductal oxygen saturation is greater than postductal by 3 to 4%.

b. Echocardiogram confirms right to left shunting at the atrial or ductal level.



3. Treatment
a. Minimize pulmonary vasoconstriction

(1) Avoid pulmonary hypoxia by increasing FiO2 to achieve a PaO2 of 60 to 80 (or higher in severe
cases).

(2) Induce systemic alkalemia via metabolic alkalosis (bicarbonate therapy) or respiratory alkalosis
(hyperventilation), or both, to raise pH to 7.45 to 7.50.

(3) A proven selective pulmonary vasodilator does not exist, although clinical trials of nitric oxide are in
progress.

b. Maintain cardiac output and oxygen-carrying capacity

(1) Maintain preload and intravascular volume with normal saline, albumin, packed red blood cells
(PRBCs), or fresh frozen plasma (FFP) as appropriate.

(2) Provide inotropic and chronotropic support with dopamine or dobutamine, or both. These agents will
increase cardiac output and reduce discrepancy in systemic and pulmonary vascular resistance.

c. Alternative therapy

(1) High-frequency ventilation is indicated in selected infants with PPHN who remain hypoxemic despite
conventional mechanical ventilation. Ventilated infants with air leak disease may benefit from
high-frequency ventilation.

(2) Infants in whom conventional management fails may benefit from rescue therapy with extracorporeal
membrane oxygenation (ECMO).

E. Apnea

Apnea can precipitate bradycardia, cyanosis, pallor, hypotonia, or metabolic acidosis. Most premature
infants under 30 weeks' gestational age have occasional apneic spells. Apnea generally begins at 1 to 2
days of age and may recur until the infant is about 35 weeks' gestational age, or longer in infants born at
less than 28 weeks' gestational age.

Prolonged apnea is defined as cessation of spontaneous respirations beyond 15 seconds in a full-term
infant and more than 20 seconds in preterm infants. Bradycardia and cyanosis usually occur after 20
seconds of apnea, although they may occur more rapidly in the small premature infant. After 30 to 40
seconds, pallor and hypotonia are seen, and the infant may be unresponsive to tactile stimulation.

Periodic breathing is defined as pauses in breathing of 3 seconds or longer, interrupted by respirations
for less than 20 seconds. This respiratory pattern is normal in preterm infants.

1. Etiology



a. Hypoxemia or diaphragmatic fatigue can result from respiratory disease (HMD, pneumonia), anemia,
hypovolemia, and congenital heart disease.

b. Respiratory center depression can result from hypoglycemia, electrolyte abnormalities (including
hypocalcemia), sepsis, drugs, or intracranial disorders.

c. Apnea associated with abnormal or hyperactive reflexes can be induced by suction or stimulation of
the pharynx, fluid in the airway or pharynx from feeding, or gastroesophageal reflux.

d. Airway obstruction and apnea can result from neck flexion, pressure on the lower rim of a face mask,
submental pressure, or supine position.

e. Temperature. The presence of a skin-core temperature gradient decreases the incidence of apnea.
Infants in Isolettes servocontrolled to maintain skin temperatures at 36.8°C (98.2°F) have more frequent
spells than do those maintained at 36.0°C (96.8°F). Sudden increases in incubator temperature increase
the frequency of apneic spells.

f. Apnea of prematurity results from decreased carbon dioxide sensitivity or decreased afferent
stimulation from peripheral receptors, or both.

2. Evaluation and diagnosis
a. All infants less than 34 weeks' gestational age or weighing under 1,800 g should be placed on heart
rate monitors for at least 5 to 7 days. Because impedance apnea monitors may not detect apnea due to

airway obstruction, the heart rate should be simultaneously monitored.

b. When a monitor alarm sounds, the clinician should evaluate the infant, not the monitor. Check for
bradycardia, cyanosis, and airway obstruction.

c. A first apneic spell, apnea in the first 24 hours, or in infants greater than 34 weeks' gestational age
should be evaluated for etiologies in addition to apnea of prematurity.

3. Treatment
a. Anesthesia bag and mask should be available near every infant who is being monitored for apnea.
Use an oxygen concentration similar to that which the infant has been breathing, to minimize hypoxia or

hyperoxia. Equipment for intubation and full resuscitation should be available.

b. Infants with apnea episodes that do not immediately self-resolve, or respond to gentle shaking, should
be ventilated with bag and mask.

c. Infants with repeated, prolonged spells, that is, more than two to three per hour or spells that require
frequent bagging, necessitate further interventions. Staged interventions should include the following:

(1) The environmental temperature can be decreased to the low end of the neutral thermal environment



range. Placing a heat shield around a small premature infant may prevent swings in temperature.

(2) stimuli that can trigger apnea should be avoided. These may include suctioning, nipple feeding, and
cold or warm stimulation of the trigeminal area of the face.

(3) Aminophylline (2.0-8.0 mg/kg/day IV/PO) in divided doses g4-12h should be started if the preceding
measures fail.

(a) If the neonate has severe apneic spells and more rapid action is desired, a loading dose of
aminophylline, 7 to 8 mg/kg IV/PO, can be given. The maintenance doses can be given after 6 hours.

(b) Serum aminophylline concentrations should be obtained during therapy, and the dosage should be
adjusted to maintain the concentration in the range of 4 to 15 mg/ml. The dosage should be reduced if
tachycardia or Gl toxicity (vomiting) becomes evident.

(c) The maximum response may take up to 4 days.

(4) Caffeine citrate, a related xanthine stimulant, is an alternative medication. As with theophylline, the
acute and long-term toxicity of caffeine in newborn infants is not well established, although the
therapeutic range is broader and therefore the medicine is probably safer. A suggested dosage schedule
for caffeine citrate is a loading dose of 10 to 20 mg/kg PO or IV, followed by a maintenance dose of 5 to
10 mg/kg/day in a single dose. When serum concentrations are monitored, optimal levels are 5 to 20

pg/ml.

(5) Small increases in FiO2 may reduce the frequency of apneic spells. Continuous monitoring of arterial
oxygenation is necessary to minimize the risk of retinopathy of prematurity in very-low-birth-weight
(VLBW) infants.

(6) Administration of CPAP (3-5 cm H20) can reduce apnea frequency or severity, or both.

(7) Apnea associated with severe anemia may respond to a packed RBC transfusion by increasing the
oxygen-carrying capacity of the blood.

(8) If all these interventions fail, mechanical ventilation may be required until the infant achieves
respiratory maturity.

(9) Most neonates with apnea of prematurity attain maturity of respiratory control by the time they are
otherwise ready for discharge from the hospital. If infants are free of apnea for 5 to 7 days while being
monitored in the hospital, their medication can be stopped. If they remain free of apnea off medication for
5 to 7 days while being monitored in the hospital, and are 34 to 35 weeks' gestational age, they can be
discharged home, with only standard baseline risk of adverse events.

(10) If there is any concern about the recurrence of apnea, a pneumogram to assess breathing patterns,
obstructive apnea, and bradycardia may be useful. The use of the pneumogram to predict the future risk

of apnea is controversial. If there is a documented need for medication (abnormal pneumogram or clinical
apnea off medication), a pneumogram can objectively document the response of the infant to the



medication. Infants on medication, with no evidence of apnea by pneumogram, can be discharged home,
without a monitor, as long as they remain on the successful treatment regimen.

(11) Reassessment of apnea frequency as the patient's serum theophylline or caffeine concentration
declines can guide subsequent need for medication. This assessment can occur while monitored either at

home or in the hospital.

(12) Home monitoring may be required for infants with persistent apnea despite optimized medication
regimens.

V. Cardiac disease in the newborn.

Cardiac disease in the newborn. Severe congenital heart disease affects approximately 1 in 400 infants.
Because many benign murmurs occur in the neonatal period, asymptomatic infants in stable condition
can be followed clinically. Symptomatic infants will often present with either congestive failure, cyanosis,
or an arrhythmia. (see also Chap. 10).

A. Congestive heart failure (CHF)

1. Etiology. CHF results from elevated ventricular end-diastolic pressures.

a. Patent ductus arteriosus is the most common cause of CHF in the premature infant.

b. Large ventricular septal defect (VSD).

c. Endocardial cushion defect.

d. Left-sided obstructive lesions (hypoplastic left heart syndrome, interrupted aortic arch, coarctation of
the aorta).

e. Functional cardiac failure can result from cardiomyopathies (asphyxial, diabetic, or viral), peripheral
arteriovenous fistulae, and prolonged paroxysmal tachycardias.

2. Evaluation

a. Common signs of heart failure in the newborn include poor feeding, tachycardia, tachypnea,
diaphoresis, hepatomegaly, and cardiomegaly. Murmurs, S3 and S4, may be present.

b. Pre- and postductal ABGs, chest x-rays, four-extremity blood pressures, and an ECG are the basic
tools of diagnosis.

3. Diagnosis

a. PDA. A significant left-to-right shunt through a PDA is often manifested by a hyperdynamic



precordium, systolic or continuous murmur, and accentuated palmar pulse (Table 6-4Table 6-4). The
diagnosis of a PDA can be confirmed and the amount of the left-to-right shunt quantitated by
two-dimensional echocardiography.

b. The diagnosis of other acyanotic cardiac lesions that can result in CHF are given in Table 6-4Table
6-4.

4. Treatment

a. An ill infant suspected of having serious cardiac disease should be transferred immediately to a
regional neonatal intensive care unit.

b. Restrict sodium and administer diuretics to achieve a negative sodium balance. This will decrease
extracellular fluid (ECF) and lower ventricular filling pressures.

c. Reduce workload by providing gavage rather than oral feedings. Maintain a neutral thermal
environment.

d. Maintain oxygen delivery

(1) Maintain the hematocrit at over 40% (use packed RBCs, 5 ml/kg, given over 2-4 hr and repeated as
necessary), and

(2) Provide FiO2 to maintain PaO2 at 60 to 80 mm Hg. Mechanical ventilation may be required to assure
adequate gas exchange.

e. Cardiotonic drugs are the cornerstone of CHF treatment.
(1) For specific recommendations regarding digoxin and diuretics, see Chapter 10.

(2) Dopamine (2.5-20 pg/kg/min) and dobutamine (5-20 pg/kg/min) are used in the newborn for inotropic
support.

f. CHF associated with a hemodynamically significant PDA warrants a trial of indomethacin therapy to
medically close the PDA.

B. Cyanosis

1. Etiology

a. Cardiac: transposition of the great arteries, critical pulmonary stenosis or atresia, tetralogy of Fallot,
tricuspid atresia, total anomalous pulmonary venous return, Ebstein's anomaly, hypoplastic left heart, and

truncus arteriosus. (Table 6-5Table 6-5).

b. Noncardiac: persistent pulmonary hypertension, hemoglobinopathy, or pulmonary etiologies, for
example, HMD, meconium aspiration pneumonia, hypoplastic lungs, or pneumothorax.



2. Evaluation of the cyanotic infant includes ECG, radiograph, right radial (i.e., preductal) and postductal
ABGs in room air and 100% oxygen, and an echocardiogram. A cardiologist should be consulted

promptly.
3. Diagnosis

a. In 100% oxygen, a PaO2 over 150 significantly reduces the probability of significant cyanotic heart
disease, though a PaO2 of 250 to 300 is most reassuring.

b. Early measurement of PaO2 in 100% oxygen in a child with developing pulmonary disease is
important. Many infants with HMD may have a PaO2 greater than 100 mm Hg in 100% oxygen early in
their disease, but not by day 2 or 3.

4. Treatment

a. Cyanotic congenital heart disease is a medical emergency.

b. Prostaglandin E1 (PGE1) may be required to maintain patency of the ductus arteriosus until definitive
surgical therapy can be instituted.

C. Rhythm disturbances (see also Chap. 10, pp. 324ff.)
1. Bradycardia

a. Etiology

(1) Sinus bradycardia

(a) Elevated intracranial pressure.

(b) Hypertension.

(c) Hyperkalemia.

(d) Hypothyroidism.

(e) Congenital heart disease.

(f) Maternal medications (e.g., beta blockers).

(2) Congenital heart associated with maternal collagen vascular disease (e.g., systemic lupus
erythematosus).

(3) Benign low resting heart rate (90-100 beats/min)



(a) Term infants with neonatal encephalopathy secondary to birth depression.

(b) Postmature infants.

b. Evaluation and diagnosis

(1) When fetal heart rate monitoring indicates a persistent fetal bradycardia, a cardiologic consultation
should be arranged before delivery. The timely distinction between fetal distress and fetal bradycardia
due to congenital heart block must be quickly defined by clinical context and ultrasonography.

(2) Electrocardiography confirms the diagnosis.

c. Treatment. The goal of treatment is to maintain an appropriate cardiac output.

(1) Treat the underlying cause if possible. Asymptomatic bradycardia should be observed for at least 72
hours without intervention.

(2) In infants with a heart rate under 50, respiratory distress, cyanosis, and CHF frequently develop.
Treatment can begin with a chronotropic agent such as isoproterenol to acutely raise the heart rate. If
symptomatic bradycardia persists when medication is begun or withdrawn, insertion of a pacemaker may
be necessary.

2. Tachycardia is more common than bradycardia in the newborn period.

a. Supraventricular tachycardia (SVT)

(1) Etiology

(a) Wolff-Parkinson-White syndrome.

(b) Structural congenital heart disease.

(c) Idiopathic.

(2) Evaluation and diagnosis

(a) Electrocardiogram. In 1:1 atrioventricular conduction, SVT results in a heart rate of 200 to 300 beats
per minute. P waves are rarely seen, and the QRS interval may be normal or prolonged.

(b) Prolonged SVT in utero can cause CHF, with the possibility of fetal hydrops or stillbirth. Frequent
assessment by ultrasound guides obstetric management.

(3) Therapy

(a) In utero: maternal digoxin therapy.



(b) Treatment after delivery aims to convert the infant to sinus rhythm. Infants who are in stable condition
at delivery can usually tolerate up to 24 hours of tachycardia without CHF.

(i) Vagal stimulation: ice to the malar area, suctioning, abdominal pressure.

(i) Adenosine therapy can convert neonatal SVT. The starting dose is 50 ug/kg by rapid (1-2 sec) IV
push through the most proximally located IV line. The half-life of adenosine is less than 10 seconds.
Therefore, the dose can be repeated g2min, doubling it to a maximum of 250 pg/kg.

(c) Intraesophageal pacing by a pediatric cardiologist to convert SVT to normal sinus rhythm.

(d) Maintenance therapy with digoxin should be considered in the infant with recurrent SVT.

(e) Cardioversion may be necessary in infants with refractory SVT (see Chap. 10).

b. Ventricular tachycardia must be distinguished as hemodynamically stable or unstable.

(1) Etiology

(a) Congenital cardiac malformation, accessory conduction system, hamartoma (e.g., in tuberous
sclerosis), aneurysm, Ebstein's anomaly.

(b) Congenital long Q-T syndrome.

(c) Maternal drug ingestion (e.g., cocaine).

(d) Severe metabolic abnormalities.

(2) Treatment

(a) Hemodynamically unstable: The infant may require immediate cardioversion.

(b) Long-term treatment may require antiarrhythmic medications, specific ablation, or cardiac surgery.

VI. Hematologic problems (see also Chap. 15, pp. 436ff.)
A. Jaundice
1. Etiology

a. Physiologic hyperbilirubinemia in full-term infants appears on or after the third day of life and resolves
before 10 days.

(1) Unconjugated hyperbilirubinemia: total serum bilirubin less than 12 mg/dl; direct fraction less than



15% of the total.

(2) Caused by a combination of increased bilirubin production, and impaired hepatic uptake, conjugation,

and excretion of bilirubin.

(3) The immature liver of the premature infant further decreases bilirubin metabolism and leads to higher

peak serum bilirubin concentrations.

(4) Breast-fed infants exhibit higher peak serum bilirubin values and slower resolution than do
formula-fed infants.

b. Nonphysiologic jaundice results from abnormal bilirubin production, metabolism, or excretion. It should
be suspected in the very-low-birth-weight infant, in the presence of clinical jaundice in the first 36 hours of

life, when serum bilirubin concentration increases by more than 5 mg/ dl/day, when the total bilirubin is
over 15 mg/dl in a formula-fed full-term infant or over 17 mg/dl in a breast-fed term infant, or if clinical
jaundice persists beyond 8 days in a full-term infant or beyond 2 weeks in a premature infant.

(1) Indirect hyperbilirubinemia: direct bilirubin less than 15% of the total bilirubin. Causes of indirect
hyperbilirubinemia:

(a) Excess bilirubin production due to

(i) Immune hemolysis secondary to maternal-fetal blood group incompatibility.

(i) Hereditary hemolytic anemia, red cell membrane defects, enzyme defects, hemoglobinopathies.
(i) Acquired hemolytic anemia: infection, disseminated intravascular coagulation (DIC).

(iv) Extravasation of blood.

(v) Polycythemia.

(vi) Swallowed maternal or fetal blood.

(vii) Increased enterohepatic circulation of bilirubin seen in pyloric stenosis, delayed emptying of the
intestine, and after bowel surgery.

(b) Decreased clearance of bilirubin due to

(i) Inborn errors of metabolism, including familial nonhemolytic jaundice types | and Il (Crigler-Najjar

syndrome), Gilbert syndrome, Dubin-Johnson syndrome, Rotor syndrome, galactosemia, tyrosinosis, and

hypermethioninemia.
(i) Prematurity.

(iii) Hypothyroidism and hypopituitarism.



(iv) Infants of diabetic mothers.

(v) Reduced hepatic perfusion.

(2) Direct hyperbilirubinemia: direct bilirubin greater than 15% of the total bilirubin. Causes:
(a) Bacterial sepsis.

(b) Intrauterine viral infections.

(c) Neonatal hepatitis.

(d) Intrahepatic and extrahepatic biliary atresia.

(e) Biliary tract obstruction (by a choledochal cyst, an abdominal mass, or annular pancreas).

(f) Inherited disorders: trisomy 18, galactosemia, tyrosinemia, Rotor syndrome, Dubin-Johnson
syndrome, hypermethioninemia, alpha-1-antitrypsin deficiency, cystic fibrosis.

(g) Posthemolytic disease of the newborn syndrome (inspissated bile syndrome).

(h) Hypopituitarism, hypothyroidism.

(i) Prolonged administration of total parenteral nutrition.

2. Evaluation and diagnosis

a. Physical examination. Clinical jaundice appears at serum bilirubin levels greater than 6 mg/dI.
b. Laboratory tests

(1) Direct and indirect bilirubin, the blood types of mother and infant

(a) A full-term infant whose bilirubin is over 5 mg/dl within the first 24 hours of life, over 10 mg/dl within
the first 48 hours, or over 13 mg/dl after 72 hours requires investigation.

(b) Premature or sick infants should have regular serum bilirubin measurements until values have
peaked and begin to decline. Infants known to be at high risk of hyperbilirubinemia, such as infants born
to Rh-sensitized mothers, should have cord blood bilirubin concentrations measured.

(2) Direct Coombs' test and, if positive, identification of the antibody if it is positive, a hematocrit, a blood
smear for red cell morphologic study, and a reticulocyte count.

(3) In persistent jaundice or direct hyperbilirubinemia, tests of liver function and thyroid function, tests for
viral or bacterial infection, and tests for galactosemia may be indicated.



(4) Additional hematologic tests include glucose 6-phosphate dehydrogenase (G6PD), hemoglobin
electrophoresis, and RBC enzymes.

(5) Kernicterus is a central nervous system pathologic state associated with elevated serum bilirubin
concentrations. Susceptibility to kernicterus is increased by factors that decrease albumin binding
(hypoalbuminemia, elevated free fatty acids, lipid infusion or sepsis with catecholamine-stimulated
lipolysis, acidosis, hypoglycemia, sulfonamides, organic anions) and factors that increase diffusion of free
bilirubin into the brain (increased concentration of bilirubin and/or increased duration of exposure to
elevated levels of bilirubin; anoxic-ischemic encephalopathy).

3. Treatment

a. The goal of treatment is to avoid kernicterus or sublethal bilirubin encephalopathy.

(1) In full-term infants, kernicterus is unlikely to occur if indirect bilirubin concentrations are kept under 20
mg/dl, provided there are no factors disturbing the blood-brain barrier or interfering with the binding of
bilirubin to albumin. A bilirubin concentration less than 25 mg/dl in a well full-term infant without hemolytic
disease is unlikely to be toxic.

(2) Kernicterus has been described at autopsy in premature infants whose bilirubin levels never
exceeded 10 mg/dl. Bilirubin encephalopathy in low-birth-weight infants may be promoted by alterations

in the blood-brain barrier caused by anoxia, ischemia, or hyperosmolarity.

b. General treatment guidelines for term infants (Pediatrics 1994, 94:565) are summarized in Table
6-6Table 6-6.

(1) Establish that the baby has adequate fluid intake and correct any state of dehydration. In breast-fed
infants, supplement the diet if indicated.

(2) Correct hypotension, hypoxia, hypothermia, and hypoglycemia. Avoid drugs administered to mother
or newborn that may interfere with the binding of bilirubin to albumin (e.g., sulfonamides, moxalactam,
aspirin, rapid infusions of ampicillin, long-chain free fatty acids).

c. Phototherapy

(1) Indications

(a) Phototherapy should be instituted if there is a risk that unconjugated bilirubin will rise to levels that
might saturate albumin-binding sites or result in the need for an exchange transfusion.

(b) Early phototherapy (< 24 hours of age) may be indicated in special circumstances (i.e., in immature
VLBW infants and in severely bruised premature infants). In hemolytic disease, phototherapy is used as

an adjunct to exchange transfusion.

(c) Effectiveness. The amount of skin exposed to radiant energy per cm2 and the wavelength spectrum



of light determine the effectiveness of phototherapy. Blue light (wavelength 450-500 nm) is more effective
in lowering bilirubin, but cool white light provides better visualization of cyanosis in the infant. Fiberoptic
blankets provide a convenient way to increase exposure to radiant energy.

(2) Technigue of phototherapy

(a) Shield the infant's eyes, avoiding nasal obstruction.

(b) Properly ground all electrical outlets.

(c) Use a Plexiglas shield to protect the infant from ultraviolet light.

(d) Placing lights over, beside, and under the baby will increase the exposure. The underside of the baby
can be exposed to phototherapy by a phototherapy blanket.

(e) Monitor the temperature g2h to prevent hypo- or hyperthermia.
() Weigh the infant frequently to guide fluid requirements.

(g) Monitor serum bilirubin frequently, as the clinical assessment of jaundice becomes less sensitive in
infants under phototherapy.

(h) Change the lamps every 2,000 hours or every 3 months.

(3) Side effects include

(a) Increased insensible water loss, which may require a 10 to 20% increase in fluid intake.

(b) Transient exanthemas, usually on exposed areas of skin.

(c) Diarrhea.

(d) Bronze baby syndrome, a rare complication usually seen in infants with direct hyperbilirubinemia who
are treated with phototherapy. Phototherapy should therefore be used with caution in infants with liver
disease or obstructive jaundice.

(e) No significant long-term toxicity has been described.

d. Exchange transfusion

(1) Indications

(a) Exchange transfusion should be instituted to correct severe anemia or if the rate of rise or absolute
serum bilirubin concentration predicts a significant risk of bilirubin encephalopathy (see sec. A.2 above;

Table 6-6Table 6-6). The level of bilirubin at which exchange transfusion is recommended for
low-birth-weight infants is controversial. There are no studies that permit recommendations for the



treatment of low-birth-weight infants with bilirubins under 20 mg/dl. Current recommendations from the
American Academy of Pediatrics (Guidelines for Perinatal Care, 1992) state:

Some pediatricians use guidelines that recommend aggressive treatment of jaundice in low-birth-weight
neonates, initiating phototherapy early and performing exchange transfusions in certain neonates with
very low bilirubin concentrations (<10 mg/dl). However, this approach will not prevent kernicterus
consistently. Some pediatricians prefer to adopt a less aggressive therapeutic stance and allow serum
bilirubin concentrations in low-birth-weight neonates to approach 15-20 mg/dl (257-342 umol/liter) before
considering exchange transfusions. At present, both of these approaches to treatment should be
considered reasonable. In either case, the finding of low bilirubin kernicterus at autopsy in certain
low-birth-weight neonates cannot necessarily be interpreted as a therapeutic failure or equivalent to
bilirubin encephalopathy. Like retinopathy of prematurity, kernicterus is a condition that cannot be
prevented in certain neonates, given the current state of knowledge.

(b) Serum bilirubin concentration rising more rapidly than 0.5 pg/dl/hr despite phototherapy.

(c) Early exchange transfusion is often indicated in the presence of hydrops, in a known sensitized infant,
or in an infant with splenomegaly or anemia due to hemolytic disease.

(d) The indications for immediate (at birth) exchange transfusion are hydrops or severe anemia. When
the delivery of hydropic fetus is expected avoid delays by alerting blood bank personnel.

(e) A cord hemoglobin of less than 11 pg/dl and a cord indirect bilirubin greater than 4.5 mg/dl are
usually indications for exchange transfusion. However, the rate of rise of the indirect serum bilirubin is the
best indication. A bilirubin rise of over 1.0 mg/dl/hr or a rise of 0.5 mg/dl/hr with a hemoglobin
concentration between 11 and 13 g/dl despite phototherapy usually signifies a need for exchange
transfusion.

(f) Late exchange transfusion in hemolytic disease is recommended if serum bilirubin in full-term infants
exceeds 20 mg/dl or the rate of rise predicts that it will go over 20 mg/dl.

(2) Blood preparations for exchange transfusions (see p. 454)

(a) Fresh (< 24-hr old) whole blood should be used in sick infants. Use of blood that is less than 72 hours
old will minimize problems with hyperkalemia and acidosis.

(b) Irradiated blood is preferred for all exchange transfusions to minimize risk of graft-versus-host
disease.

(c) Viral for the AIDS virus, in addition to hepatitis B, hepatitis C, and syphilis. Ideally, all neonatal blood
products should be tested for cytomegalovirus (CMV). PRBCs should be frozen and washed, or white cell
filtered.

(d) Citrate-phosphate-dextrose (CPD) blood has the advantage that it can be used up to 72 hours after
drawing and that there is no rise in nonesterified free fatty acids in recipients. The disadvantages are low
pH (6.9-7.0), hypernatremia, hyperglycemia that can cause rebound hypoglycemia in hyperinsulinemic



infants with erythroblastosis, and a tendency to reduce ionized calcium and magnesium. Measurement of
whole blood electrolytes and pH helps to assess the safety of blood that is more than 48 hours old.

(e) Heparinized blood is used less frequently in exchange transfusions because of associated risks of
hypoglycemia and elevated serum free fatty acids.

(f) Fresh (< 24-hr old) CPD blood should be used in hydropic or otherwise compromised newborns.
Transfused blood should have a low titer of anti-A and anti-B antibodies.

(g) The risk of acid-base disorders, hyperkalemia, and hypernatremia can be minimized by using
centrifuged packed red cells under 72 hours old resuspended in thawed fresh-frozen AB plasma just
before exchange.

(h) Whole blood less than 4 hours old has deficient platelet function.

(3) Technique of exchange transfusion. Hypoxia, hypoglycemia, acidosis, and temperature problems
should all be corrected before exchange transfusion is performed.

(a) A radiant heater, a cardiac monitor, and a reliable peripheral IV line should be in place.

(b) The umbilical vein should be used if possible. If the umbilical vein cannot be accessed despite
soaking in saline for 30 to 60 minutes, the safest route is a central venous line (CVL). Alternatively, a
peripheral intravenous line and peripheral arterial line can be used.

(c) In sick, hydropic infants, maximum safety of exchange transfusion may be achieved through use of
umbilical arterial and venous catheters, so that blood can be removed and replaced simultaneously.

(d) In sick infants who are anemic (hematocrit < 35%), a partial exchange transfusion can be given with
packed red blood cells (25-80 ml/kg) to raise the hematocrit to 40%. After stabilization, further exchange
transfusions can be performed as needed to treat hyperbilirubinemia. Component transfusion therapy
(PRBCs, FFP) should be utilized, with reconstituted whole blood used if necessary.

(e) Administration of albumin (salt-poor albumin, 1 g/kg 1-2 hr before exchange) increases the amount of
bilirubin removed by the exchange. Albumin is contraindicated in CHF or severe anemia and is not
usually used in early exchanges, in which the goal is to remove sensitized red cells rather than bilirubin.

(f) An infant's blood volume is approximately 80 ml/kg, and exchange transfusion should use twice the
infant's blood volume (160 ml/kg), in aliquots of 5 to 20 ml, depending on the infant's tolerance for the
procedure. (An aliquot should never exceed 10% of the infant's estimated blood volume.) A useful
approach is to start with 10-ml aliquots, increasing to 20-ml aliquots in infants who weigh over 2 kg if the
vital signs remain stable. A two-volume exchange removes 87% of the infant's red blood cells.

(g) Small aliquots and a slower rate reduce the stress on cardiovascular adaptation. The recommended
time for an exchange in a full-term infant is 1 hour.

(h) Blood should be maintained at 37°C by using a temperature-controlled water bath with an alarm to



signal overheating.

(i) Transfused blood should be mixed frequently since the RBCs will settle rapidly.

(i) If heparinized blood is used, a Dextrostix blood sugar should be obtained from the blood and from the
baby during the exchange; 10 ml of 5% dextrose can be given as an umbilical venous push after each
100 ml blood if necessary. If the catheter tip rests above the liver, a more concentrated sugar solution can
be used. When citrated blood is used, the infant's blood sugar should be checked for several hours after
the exchange, and oral feedings or parenteral glucose should be given once the infant's condition is
stable.

(k) When using CPD blood, most infants will not require additional calcium; following cessation of
exchange transfusion, the Ca2+ level rapidly returns to normal. If needed, 0.5 to 2.0 ml of 10% calcium
gluconate can be given following each 100 ml exchanged blood. However, this measure increases the

ionized calcium fraction only temporarily. Calcium should be administered slowly IV to avoid bradycardia.

() When the transfusion is finished, a silk purse-string suture should be placed around the vein, leaving a
"tail," so that it will be easy to find the vein for the next exchange.

(m) When the catheter is removed, the cord tie should be tightened for up to an hour. If it is not
subsequently removed, skin necrosis can occur.

(n) Although their use is controversial, short-term (£ 48 hours) prophylactic antibiotics
(penicillinase-resistant penicillin and an aminoglycoside) are recommended if a catheter was passed
through an old, dirty cord; if there is great difficulty in passing the catheter; or if there are multiple
exchanges.

(o) Subsequent exchange is indicated as for the initial transfusion.

(4) Complications of exchange transfusions

(a) Vascular. Embolization with air or clots.

(b) Cardiac. Arrhythmias, volume overload, and cardiac arrest.

(c) Electrolytes. Hyperkalemia, hypokalemia, hypernatremia, hypocalcemia, and acidosis.

(d) Coagulation. Thrombosis, thrombocytopenia.

(e) Infections. Bacteremia, viral hepatitis, cytomegalovirus, human immunodeficiency virus (HIV).

(f) Miscellaneous. Hypoglycemia perforation of vessels, hypothermia, and, rarely, necrotizing
enterocaolitis.

e. Long-term treatment. Phenobarbital, 5 to 8 mg/kg/day, will increase bile flow and bilirubin excretion. Its
therapeutic effect may not be seen for 3 to 7 days. It is most useful in cases of direct hyperbilirubinemia



and Crigler-Najjar syndrome type II.
B. Anemia (see also Chap. 15)

1. The causes of anemia include extravascular blood loss, intravascular hemolysis, and decreased RBC
production.

a. Blood loss

(1) Etiology

(a) Hemorrhage from the fetal to the maternal circulation.
(b) Twin-twin transfusion.

(c) Placenta previa, placental abruption.

(d) Umbilical cord rupture or hematoma.

(e) Incision of the placenta or cord.

(f) Traumatic amniocentesis.

(9) Rupture of anomalous placental vessels.

(h) Intracranial bleeding.

(i) Rupture of the liver or spleen.

() Gastrointestinal bleeding due to ulcer or enterocolitis.
(k) latrogenic anemia due to phlebotomy.

(2) Evaluation

(a) Acute. Manifestations are

(i) Shock.

(i) Tachycardia.

(iif) Tachypnea.

(iv) Low venous pressure.

(v) Weak pulses.



(vi) Pallor.

(vii) The hematocrit may initially be normal.

(b) Chronic: Manifestations are

(i) Extreme pallor and a low hematocrit.

(ii) Compensatory normovolemia and therefore minimal distress.
(iif) CHF or hydrops at birth.

(3) Laboratory evaluation

(a) A Kleihauer-Betke smear of maternal blood to detect fetal red cells in the maternal circulation.
(b) The Apt test for fetal hemoglobin in gastric aspirate or stool.
(c) Intracranial and abdominal ultrasound if indicated.

b. Hemolysis

(1) Etiology

(a) Isoimmune anemias: Rh incompatibility, ABO incompatibility, minor blood group incompatibility (e.g.,
Kell, "e," "c," "E").

(b) Acquired hemolytic anemias: infection, DIC, vitamin E deficiency, drug reactions.

(c) Hereditary hemolytic anemias: red cell membrane defects (spherocytosis), enzyme defects (pyruvate
kinase [PK] and G6PD deficiency).

(d) Hemoglobinopathies, for example, alpha and beta thalassemia syndromes.

(2) Evaluation. Manifestations include jaundice, hepatosplenomegaly, pallor, and hydrops.
(3) Laboratory evaluation

(a) Hematocrit, serum bilirubin, and reticulocyte count.

(b) Examination of a peripheral blood smear for red blood cell morphology.

(c) Direct Coombs test on an infant's red cells, with identification of the antibody if positive; antibody
screen of maternal serum.



(d) Enzyme screen of infant's or parents' red cells (G6PD or PK deficiency).

(e) Screening for infection, with appropriate cultures.

c. Decreased RBC production: Blackfan-Diamond syndrome, Fanconi's anemia, hemoglobinopathies
such as thalassemia, reactions to drugs, viral infections (e.g., parvovirus), and infiltrative diseases, such

as leukemia, neuroblastoma, and storage diseases.

d. Physiologic anemia of full-term and premature infants reflects reduced erythropoiesis secondary to
diminished erythropoietin produc- tion.

(1) Physiologic nadir

(a) Full-term infants: hemoglobin, 9.5 to 11.0 g/dl at 6 to 12 weeks.

(b) Premature infants (body weight 1,200-2,400 g): hemoglobin, 8 to 10 g/dl at 5 to 10 weeks.

(c) Small premature infants (body weight < 1,200 g): hemoglobin, 6.5 to 9.0 g/dl at 4 to 8 weeks.

(2) Laboratory manifestations of physiologic anemia include a decreased hematocrit and a low
reticulocyte count. This transient state resolves when erythropoietin secretion, the reticulocyte count, and
hemoglobin concentration all increase.

2. Transfusion therapy

a. If an infant appears to have had acute blood loss at birth, immediate vascular access should be
obtained. Blood should be drawn for laboratory evaluation including cross-matching.

(1) If hypovolemic shock is present (decreased central venous pressure, pallor, tachycardia), 20 ml/kg of
a volume expander should be given. Unmatched type O, Rh-negative blood should be kept available for
this purpose. Albumin (5%), plasma, and normal saline are the secondary choices, in that order.

(2) If blood loss was acute and limited, as in a fetal-maternal hemorrhage, volume expansion will provide
immediate improvement. If there is continuing internal hemorrhage, the improvement will be less rapid
and/or sustained. Infants in shock from asphyxia will have little response.

(3) A repeat transfusion of 10 to 20 ml/kg can be given if signs of hypovolemic shock persist. If plasma or
albumin was given initially, packed red cells are given in the second transfusion.

b. Chronic fetal blood loss results in compensated anemia without evidence of hypovolemia. Packed red
cells (10-15 ml/kg) should be given if the hematocrit is less than 30. If the hematocrit is less than 25 in a
normovolemic or hypervolemic infant who may be in failure, a partial exchange transfusion with packed
RBCs may be indicated.

c¢. The condition of premature infants may be stable with a hemoglobin concentration of 6.5 to 8.0 g/dl.
The level itself is not an indication for transfusion. However, if any other coexisting condition (e.qg., sepsis,



apnea, pneumonia, bronchopulmonary dysplasia) requires increased oxygen-carrying capacity,
transfusion is indicated.

d. Cumulative blood loss from phlebotomy must be carefully recorded. Blood replacement as packed red
cells should be considered when 10% of the volume has been removed over a short time interval.

e. Transfusion volume to replace red blood cells with packed RBCs (PRBCs) is calculated using the
formula

(The average hematocrit [Hct] of packed red cells is 70.) In most circumstances, the volume to be
transfused is about 10 ml/kg, usually administered intravenously over 1 to 3 hours. Infants should be
monitored during transfusion.

3. Prevention or amelioration of the anemia of prematurity

a. Premature infants should receive 25 |U water-soluble vitamin E daily as supplement or in premature
formula until they are 2 to 3 months of age.

b. Formulas similar to mother's milk, low in linoleic acid, should be used to maintain a low content of red
blood cell polyunsaturated fatty acids.

c. Iron supplements of elemental iron, 6 mg/kg/day, decrease the late anemia of prematurity. Iron therapy
should be instituted when the infant is tolerating full-volume feedings.

d. Conservative phlebotomy and transfusion practice are encouraged.

C. Bleeding disorders

1. Etiology, evaluation, and diagnosis (see Chap. 15).

2. Treatment (see also sec. B above)

a. Treat underlying disease, such as shock, asphyxia, or infection.

b. Place reliable IV line.

c. After blood is drawn for studies, give 1.0 mg vitamin K1 oxide (AquaMEPHYTON) IV over 2 to 3
minutes. The onset of action may be 2 to 3 hours. If liver disease is present, the onset of action may be

longer.

d. Fresh-frozen plasma, 10 ml/kg IV g8-12h, provides immediate replacement of clotting factors.



e. If thrombocytopenia (platelet count < 20,000; < 50,000 if bleeding) is present, give 0.5 to 1.0 unit of
irradiated platelets IV. Platelets must not be given through an arterial line. This should elevate the platelet
count above 100,000/mm3 unless ongoing platelet destruction exists. In isoimmune thrombocytopenia,
transfer compatible maternal or donor platelets if severe thrombocytopenia or bleeding develops.

f. Packed red cells, plasma, and platelets are generally administered as component transfusion therapy.
Occasionally, fresh whole blood will be used to replace platelets and clotting factors and to provide red
blood cells.

g. Clotting factor concentrates are used if a known factor deficiency is present.

h. Disseminated intravascular coagulation should be treated by treating the underlying cause (sepsis,
necrotizing enterocolitis) and giving fresh-frozen plasma and platelets to keep the platelet count above
approximately 50,000. If bleeding continues, an exchange transfusion with fresh citrated blood may be
helpful. If DIC is associated with gangrenous thrombosis of the large vessels, anticoagulation with heparin
should be considered.

3. Prevention

a. Infants should be given vitamin K1, 1 mg IM, at birth.

b. Mothers who are taking phenytoin should be given 10 mg vitamin K1 IM 24 hours before delivery.
Their newborns should have prothrombin time (PT), partial thromboplastin time (PTT), and platelet counts
monitored if any signs of bleeding occur. If these levels are prolonged, the infants should be given
fresh-frozen plasma, 20 ml/kg. The usual 1-mg dose of vitamin K1 (1 mg) should be given to the baby
postpartum and repeated in 24 hours.

c. Mothers should refrain from taking aspirin for 1 week before delivery.

D. Polycythemia

1. Etiology

a. Placental overtransfusion.

b. Uteroplacental insufficiency.

c. Other causes include maternal diabetes, congenital adrenal hyperplasia, Beckwith-Wiedemann
syndrome, neonatal thyrotoxicosis, and congenital hypothyroidism.

2. Evaluation and diagnosis
a. Most infants with polycythemia are asymptomatic.

b. Possible signs of polycythemia include cyanosis (due to increased unsaturated hemoglobin), jaundice,
lethargy, jitteriness, hypotonia, seizures, and hypoglycemia priapism. Hyperviscosity syndromes can lead



to CNS vascular thrombosis.

c. Central hematocrits are the most reliable index of polycythemia and peak 2 to 3 hours after birth.
3. Treatment

a. Any central hematocrit above 60 warrants observation and possible treatment.

b. Any symptomatic child should have a partial exchange transfusion if the central hematocrit exceeds
65.

¢. Asymptomatic infants with a central hematocrit of 60 to 70 can usually be managed by increasing fluid
intake to reduce blood viscosity.

d. Exchange transfusion is probably indicated with a central hematocrit of more than 70 in the absence of
symptoms. Exchange is done with 5% albumin to bring hematocrit to 60 by the following calculation:

VII. Metabolic problems (see also Chap. 12)

A. Metabolic disorders.

Metabolic disorders. Genetic metabolic disorders are seen in 1 of every 200 infants.

1. Etiology (see Chap. 12).

2. Evaluation and diagnosis

a. History. Suspect metabolic disease for

(1) A positive family history of any such disorder.

(2) A history of unexplained neonatal deaths in the family.

b. Physical examination

(1) Early neonatal symptoms and signs can include tachypnea, vomiting, diarrhea, temperature
instability, hypotonia, lethargy, seizures, and coma. Later signs and symptoms include jaundice, unusual

odor of urine or sweat, cataracts, coarse facial features, and developmental delay.

(2) Progressive symptoms in an infant who was well at birth.



(3) New symptoms after a change in diet.

(4) Appearance of symptoms without evidence of asphyxia, infection, CNS hemorrhage, or other
congenital defects.

c. Laboratory signs of these disorders include hypoglycemia, elevated anion gap, metabolic acidosis,
lactic acidosis, ketosis, hyperammonemia, hyperbilirubinemia, abnormal amino acid pattern in the blood,
ketonuria, positive ferric chloride test of the urine, and presence of reducing substances in the urine.

d. For purposes of genetic counseling, it is important to make an accurate diagnosis even if the affected
infant dies. Infants who die with symptoms that may be caused by a metabolic disorder should receive a
genetics consult, and special tissue samples should be archived.

3. Treatment

a. Transfer of the newborn to a unit with specialized metabolic laboratory capability should be considered
because many of these disorders are rapidly fatal or cause permanent CNS damage unless they are
properly treated.

b. Exchange transfusion or peritoneal dialysis should be considered.

c. An attempt must be made to prevent protein catabolism with possible accumulation of toxic
by-products. The infant should be given oral or parenteral glucose. Specific dietary or vitamin therapy
should be started after a diagnosis is achieved.

4. Specific disorders with catastrophic presentations in the newborn period include

a. Galactosemia

(1) Signs and symptoms. Indirect (early) or direct (late) hyperbilirubinemia, hepatomegaly, lethargy,
weight loss, gram-negative sepsis, cataracts, and hypoglycemia.

(2) Diagnosis. Reducing substance in the urine (positive Clinitest) with negative urine for glucose
(negative glucose oxidase dipstick test); assay of blood for galactose 1-phosphate uridyl transferase
(Beutler test) on filter paper blood specimen; assay of urine for galactose; abnormal liver function tests
(SGOT, SGPT, PT, PTT).

(3) Treatment. Elimination of lactose from the diet.

b. Organic acidemias. Methylmalonic acidemia, propionic acidemia, and isovaleric acidemia

(1) Signs and symptoms. Poor feeding, vomiting, lethargy, tachypnea, coma, hypotonia, spasticity, and
seizures.

(2) Diagnosis. Metabolic acidosis, ketoacidosis, hyperammonemia, hypoglycemia, ammonia odor from



sweat or urine, urine methylmalonic acid by paper chromatography, gas or thin-layer chromatography,
plasma and urine amino acid analysis to detect increased glycine.

(3) Treatment. Reversal of metabolic acidosis, dietary therapy, and vitamin administration appropriate for
the disorder.

c. Hyperammonemia syndromes: the organic acidemias (see above); urea cycle disorders: carbamyl
phosphate synthetase deficiency, ornithine transcarbamylase deficiency, citrullinemia, argininosuccinic
acidemia, argininemia, ornithine transaminase deficiency, orotic acidurias, hyperornithinemia, and

hyperlysinemia.

(1) Symptoms and signs. Sluggish feeding, lethargy, irritability, hypertonicity, hypotonicity, tachypnea,
coma, and convulsions.

(2) Diagnosis. Metabolic acidosis, hyperammonemia, gas or thin-layer chromatography, and high-voltage
electrophoresis.

(3) Treatment. Production of ammonia can be reduced by restricting protein intake and providing
sufficient calories to reduce catabolism. Excess ammonia can be removed by hemodialysis, peritoneal
dialysis, or exchange transfusion. Alternate pathways for nitrogen excretion are provided by administering
sodium benzoate, sodium phenylacetate, or arginine.

B. Infants of diabetic mothers

Infants of diabetic mothers (IDM) are at elevated risk for the following: perinatal asphyxia, birth trauma,
congenital anomalies, hypoglycemia, hypocalcemia, hyperbilirubinemia, RDS, polycythemia, feeding
problems, and renal vein thrombosis.

1. Etiology: maternal hyperglycemia and fetal hyperinsulinemia.

2. Evaluation

a. Physical examination. Special attention is directed toward the manifestations and complications of
IDM, especially

(1) Macrosomia: asphyxia, birth trauma.
(2) Hypoglycemia: lethargy, jitteriness.
(3) Hypocalcemia: jitteriness, seizures.
(4) Polycythemia: ruddy skin, lethargy.
(5) Hyperbilirubinemia: jaundice.

3. Laboratory
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. Blood sugar.
b. Calcium if lethargic, jittery with normal blood sugar, or otherwise indicated.
¢. Hematocrit if polycythemia suspected.

4. Diagnosis. None, some, or all of the above complications may be present in an IDM.

o1

. Therapy
a. Infants should receive 10% glucose and water or formula by mouth or gavage hourly starting at 1 hour
of age until the blood glucose is stabilized. Breast feeding will not supply sufficient glucose. Parenteral

glucose should be infused if hypoglycemia is refractory to feeding.

b. If the infant is hypoglycemic and there is difficulty in achieving vascular access, glucagon (300 pg/kg
SQ, to a maximum dose of 1.0 mg) can be used to temporarily increase the blood sugar.

c. Rapid infusions of concentrated dextrose solutions may stimulate insulin release in hyperinsulinemic
infants. This hyperinsulinemic state may provoke rebound hypoglycemia (see below).

C. Hypoglycemia

Hypoglycemia in the neonate is defined as a blood sugar of less than 30 to 40 mg/dl. A blood glucose of
less than 40 mg/dl should be evaluated, and a blood glucose under 30 mg/dl requires treatment.

1. Etiology (see Table 6-7Table 6-7).
2. Evaluation and diagnosis

a. Physical examination: lethargy, apathy, hypotonia, tremors, apnea, hypothermia, cyanosis, seizures,
weak or high-pitched cry, and poor feeding.

b. Laboratory. In the newborn, utilize glucose oxidase methods that measure true glucose.
3. Treatment. To avoid hypoglycemic encephalopathy, maintain blood glucose level over 40 mg/dl.
a. Anticipation and prevention are cornerstones to successful management.

b. Mild symptomatic hypoglycemia (blood sugar 20-40 mg/dl) in infants over 2,000 g can often be
successfully treated with oral glucose and water or formula.

(1) Infants who cannot maintain normoglycemia for 2 hours should then be treated with parenteral
glucose.

(2) Hydrocortisone, 5 mg/kg/day IM, in two divided doses, can be used in cases that do not respond to



glucose infusions. Glucocorticoid therapy is rarely instituted before 24 hours' postnatal age.

(3) Epinephrine, diazoxide, and growth hormone are occasionally useful in special cases of chronic
intractable hypoglycemia. Endocrine consultation is required in these cases.

D. Hypocalcemia:

Hypocalcemia: serum total calcium concentration less than 7.0 mg/dl or ionized calcium concentration
below 4.0 mg/dl (1 mmolelliter).

1. Etiology. Hypocalcemia results from decreased calcium intake and mobilization due to transient
neonatal hypoparathyroidism.

a. Onset in first 3 days

(1) Maternal factors. Diabetes, toxemia, obstetric complications, severe dietary calcium deficiency, or
maternal hyperparathyroidism.

(2) Intrapartum factors. Asphyxia, prematurity, or maternal magnesium treatment.

(3) Postnatal factors. Hypoxia, shock, asphyxia, poor intake, RDS, sepsis, respiratory or metabolic
alkalosis, or exchange transfusion.

b. Onset after 3 days (see Chaps. 4 and 13). In addition to the above, a high-phosphate diet (milk,
cereals), magnesium deficiency, intestinal malabsorption, renal disease, hypoparathyroidism, and vitamin
D deficiency or a metabolic defect can result in hypocalcemia.

2. Evaluation and diagnosis

a. Physical examination. Findings may be nonspecific: irritability, jitteriness, hypertonia, a high-pitched
cry, apnea, and seizures.

b. Laboratory

(1) Calcium should be measured regularly in infants with the preceding conditions and substantiated if
necessary with ECG measurement of the QT (corrected QT interval) or Q-T interval.

(2) Evaluation of persistent hypocalcemia should include determination of ionized calcium, serum
phosphorus, magnesium, BUN, creatinine, parathyroid hormone, and calcitonin.

3. Treatment (see also p. 400)
a. Preparations. It is preferable to use only one calcium salt (gluconate) for either IV or PO

administration, for example, calcium gluconate 10% PO or IV (1 ml of 10% calcium gluconate = 100 mg
calcium gluconate = 9 mg elemental calcium or 0.45 mEg/ml).



b. Dosage

(1) For asymptomatic hypocalcemia (Ca < 7 mg/dl without symptoms), when formula for premature
infants is not available, give 5 to 10 ml/kg/day of 10% calcium gluconate PO or IV. This should provide
maintenance calcium requirements (45-90 mg/kg/day elemental calcium). Start with a low dose and
increase as needed. The oral dose is mixed in with the total day's feeding. The IV dose is given by slow
continuous infusion over 24 hours. After hypocalcemia resolves, the dose can be gradually decreased
over 48 hours.

(2) Acute symptomatic hypocalcemia with significant symptoms such as seizures or cardiac arrhythmias
(a) Give 1.0 to 1.5 ml/kg of 10% calcium gluconate IV immediately in a secure |V site.

(b) The dose should be given slowly IV (1 ml/min), with careful observation of the heart rate and the vein
if a peripheral IV is being used, and repeated in 15 minutes.

c. Maintenance

(1) Following the acute dose, maintenance calcium, 45 to 90 mg/kg/day elemental calcium, should be
given IV or PO.

(2) Treatment of hypocalcemia is rarely necessary for more than 4 to 5 days unless other complications
are present.

d. Most hypocalcemia causes no symptoms and does not need rapid correction. Aggressive, rapid
therapy of asymptomatic hypocalcemia provokes excessive treatment risks.

e. Persistent hypocalcemia. If the infant remains hypocalcemic despite adequate calcium
supplementation and normal magnesium levels, a search for other causes of hypocalcemia must be
initiated (see Chap. 13).

f. Associated hypomagnesemia

(1) Symptomatic hypocalcemia that is unresponsive to calcium therapy may be due to concomitant
hypomagnesemia and will not respond unless the hypomagnesemia is treated.

(2) Treatment of symptomatic acute hypomagnesemia should include 0.1 to 0.2 ml/kg of 50% MgSO4 IV
(infuse slowly and monitor heart rate) or IM (can cause local tissue necrosis), repeated if necessary

g6-12h. Maintenance magnesium therapy consists of oral administration of 50% MgS04, 100 mg or 0.2
mg/kg/day. If significant malabsorption is present, the dose can be increased two- to fivefold.

VIII. Infection.

Infection. Infection accounts for 10 to 20% of neonatal deaths.



A. Congenital and prenatal infections
1. TORCH

a. Etiology: classically includes toxoplasmosis, rubella, CMV, and herpes simplex virus (HSV). Syphilis,
hepatitis B virus (HBV), and AIDS virus (see sec. 3 below) are also often included.

b. Evaluation and diagnosis

(1) Maternal history. Most prenatal maternal infections with these agents are asymptomatic.

(a) Known history of congenital infection.

(b) Habitual abortion.

(c) Infertility.

(d) Contact with cats or mice.

(e) Ingestion of raw meat.

(f) Immunosuppressive therapy.

(g) Exanthem during pregnancy.

(h) Unexplained adenopathy.

(i) Unexplained illness during pregnancy.

() Oral or genital lesions.

(k) Occupational exposure to congenital infection (e.g., neonatal nurses, dialysis workers).

(2) Maternal diagnosis. All mothers should be screened early in pregnancy for antibodies to syphilis,
rubella, and hepatitis B surface antigen. Serologic testing is available for HSV, CMV, HBV, and HIV. Viral
cultures are available for HSV, rubella, CMV, and enterovirus. Polymerase chain reaction (PCR)-based
DNA testing for certain viruses is available in some centers. Maternal vaginal cultures are used to

diagnose maternal gonorrhea and group B streptococcal colonization.

(3) Neonatal manifestations include prematurity, intrauterine growth retardation, failure to thrive, and
hepatomegaly with hepatitis and elevated direct bilirubin. Disease-specific manifestations include

(a) Syphilis. Mucocutaneous lesions (snuffles), periostitis, osteochondritis, hepatomegaly, and rash.

(b) Toxoplasmosis. Chorioretinitis, hydrocephalus, and intracranial calcifications.



(c) Cytomegalovirus. Microcephaly with periventricular calcifications, thrombocytopenia, and
hepatosplenomegaly.

(d) Rubella. Retinopathy, cataracts, patent ductus arteriosus, pulmonary artery stenosis, deafness, and
thrombocytopenia.

(e) Herpes simplex virus. Skin vesicles, hepatitis, pneumonia, encephalitis, and DIC.

(f) Hepatitis B virus. Hepatitis between 1 and 6 months of age.

(9) Enterovirus. Encephalitis, sepsis-like syndrome, hepatitis, and DIC.

(h) Parvovirus, anemia, hydrops fetalis.

(i) HIV (see sec. 3 below for complete discussion).

(4) Laboratory examination (see also Chap. 5)

(a) Draw sera for a serology screen (5-10 ml blood; before transfusions) or use cord blood (serum).
Samples should be paired with a maternal sample drawn at the same time. This should include an
assessment of maternal immunoglobulin M (IgM)-specific antibodies. Convalescent serum from the
mother and baby must be sent in 2 to 8 weeks.

(b) Measure total cord blood IgM (normal < 20 mg/ml).

(c) Send viral cultures (HSV, rubella, CMV, enterovirus).

(d) Prepare Tzanck smear of vesicles from the infant or mother to assess for HSV, varicella.

(e) Urine antigen and culture assay for CMV.

(f) Send placenta for pathologic examination, including histology.

(g) If appropriate, determine HBsAg, antibody to surface antigen (anti-HBs), hepatitis B core antigen
(HBcAg), and antibody to hepatitis B core antigen (anti-HBc), as well as liver enzymes and bilirubin.

(h) Measure platelet count and PT, PTT.
c. Treatment (see also Chap. 5, p. 159)
(1) Treatment is available for toxoplasmosis (see Chap. 5).

(2) No specific treatment is available for rubella. Symptomatic therapy of congestive heart failure from
PDA and surgical correction of cataracts may be indicated.



(3) Severe systemic CMV may require treatment with ganciclovir.

(4) Herpes simplex virus has been successfully treated with both vidarabine and acyclovir (see Chap. 5).
Topical idoxuridine Ara-A ophthalmic eyedrops are recommended.

(5) If varicella develops in the mother less than 5 days before delivery or 2 days postpartum, there will be
insufficient time for transfer of maternal antibody to the fetus. To ameliorate disease in the newborn,
infants should receive 125 units varicella-zoster immune globulin (VZIG) IM. In both cases the infant
should be isolated from the mother until she is no longer infectious. Other possible household contacts
must be investigated.

d. Prevention

(1) Toxoplasmosis (see Chap. 5) incidence may be reduced by avoiding cats and the eating of raw meat
during pregnancy, thus reducing incidence of primary maternal infection.

(2) Congenital rubella can be prevented by adequate immunization of childbearing women.

(3) Because the majority of neonatal HSV infections are acquired at the time of vaginal delivery, the
infants of mothers with active genital herpes should be delivered by cesarean section. If the membranes
are ruptured, the baby should be delivered by cesarean section as soon as possible. Postnatal infection
can be acquired from mothers with active lesions. If the mother has a primary HSV infection or positive
cultures at the time of delivery, or both, cultures should be obtained from the oropharynx/nasopharynx
and conjunctivae at 24 hours of age. Infants with positive cultures or in whom symptoms of infection
develop should have their culture repeated and antiviral treatment (acyclovir, 8-10 mg/kg IV g8h) initiated.

(4) Infants born to mothers in whom hepatitis A develops within 2 weeks of delivery should be given
immune serum globulin (ISG), 0.15 ml/kg IM. Infants born to mothers who are HBsAg positive should
receive both hepatitis B immune globulin (HBIG) and hepatitis B vaccine at birth. The hepatitis B vaccine
is repeated at 1 and 6 months. Recommendations for routine immunization for HBV are covered in
Chapter. 3.

2. Syphilis (see also Chap. 5, p. 125)

a. Etiology. Transplacental transmission of Treponema pallidum.

b. Evaluation

(1) Perinatal clinical signs include stillbirth, fetal hydrops, and prematurity.

(2) Postnatal manifestations include failure to thrive, persistent rhinitis, lymphadenopathy, exanthema,
jaundice, anemia, hepatosplenomegaly, nephrosis, and meningoencephalitis.

c. Diagnosis

(1) Mother. Rapid plasma reagin with titers and fluorescent-treponemal antibody absorption test



(FTA-ABS) with titers. Test at first antenatal visit and in third trimester.
(2) Infant

(a) Rapid plasma reagin with titer and FTA-ABS with titer.

(b) If available, IgM-FTA-ABS is most specific for fetal infection.

(c) X-rays of long bones may provide evidence of demineralization of periosteal new bone formation in
the metaphyses.

(d) Dark-field examination of any nasal discharge.
(e) Cerebrospinal fluid (CSF) examination to evaluate for meningoencephalitis.
d. Treatment (see also Chap. 5, p. 125)

(1) If the infant's serologic test results are negative and he or she has no disease, no treatment is
necessary.

(2) If the serologic test results are positive, treat the symptomatic infant. Treat the asymptomatic infant
for any of the following situations.

(a) The titer is three to four times higher than the mother's.

(b) The FTA is 3 to 4+.

(c) The mother was inadequately treated or was untreated.

(d) The mother is unreliable, and follow-up is doubtful.

(e) The mother's infection was treated with a drug other than penicillin.

(f) The mother had a recent sexual exposure to an infected person.

(g9) The mother was treated in the last month of pregnancy.

(h) The mother has HIV and was treated for syphilis with less than neurosyphilis regimen.

(3) If the baby has a positive RPR or FTA, or both, and the history and clinical findings (including x-ray)
make infection unlikely, it is safe to await the IgM report and repeat RPR and FTA titers. Any significant
rise in titer or any clinical signs require treatment. If the antibodies are transferred maternal antibodies,
the baby should have a falling titer and be negative by 4 months. Treat if the serology is not negative by 6

months of age.

(4) For infants with no evidence of CNS infection, give procaine penicillin G in aqueous suspension,



50,000 units/kg IM in one daily dose for 10 to 14 days, or aqueous crystalline penicillin G, 100,000 to
150,000 units/kg/day g8-12h IM or IV for 10 to 14 days (see Chap. 5, sec. lll.G.4.c). Infants with CNS
infection (CSF pleocytosis, elevated CSF protein, positive CSF serology) should be treated with aqueous
procaine penicillin, 50,000 units/kg/day IM for 3 weeks, or agueous crystalline penicillin, 150,000
units/kg/day g8-12h for 2 to 3 weeks. For infants at low risk for infection for whom follow-up is doubtful,
treatment with benzathine penicillin G, 50,000 units/kg/day IM as a one-time dose, can be given.

3. Acquired immunodeficiency syndrome (see also Chap. 5, p. 151)
a. Etiology. Maternal infection and transplacental passage of HIV.

b. Evaluation. Consider the diagnosis in an infant when the mother or mother's partner is in a high-risk
group.

(1) Intravenous drug abuser.

(2) Prostitute.

(3) Sexual partner of HIV-positive man.

(4) Sexual partner of hemophiliac.

(5) Recipient of blood transfusion between 1979 and 1985.

c. Diagnosis

(1) Informed consent is required for testing of mother or baby.

(2) Maternal HIV antibody status should be tested using an enzyme-linked immunosorbent assay
(ELISA) with confirmation by Western blot analysis.

(3) If the mother is positive, the infant may test positive for HIV antibody because of passive placental
transfer of maternal antibody without transfer of HIV. Referral of such infants to a pediatric HIV program
as soon as possible after birth is recommended. A combination of clinical, virologic, and serologic
parameters can be used for early detection of HIV infection, including HIV culture and assay for p24
antigen. At 18 months of age, HIV antibody testing represents the child's own, rather than maternal,
antibodies.

d. Treatment. Pre- and perinatal maternal treatment with zidovudine, combined with neonatal treatment,
can reduce vertical perinatal transmission to less than 10%.

e. Breast feeding. Postnatal transmission of HIV from infected mothers to infants by means of breast milk
is well documented. Although the risk for postnatal infection is small, HIV-positive mothers in developed

countries should not breast feed.

f. Universal precautions



(1) Gloves, gowns, and eye protection should be worn in the delivery room.

(2) Never suction for meconium with direct endotracheal suction. DelLee suction trap or a special suction
device should be used.

(3) Infants should be bathed carefully on admission.

(4) Linens and disposables should be placed in separate marked containers.

(5) Laboratory and phenylketonuria (PKU) tests should be specially labeled and enclosed.

4. Gonorrhea

a. Etiology. Intrapartum infection with Neisseria gonorrhoeae.

b. Evaluation

(1) Gonococcal ophthalmia usually presents within 3 days of birth. If the eyes are infected before birth in
association with premature rupture of the membranes, symptoms may be present at birth. Usually, a
watery, then mucopurulent, then bloody conjunctival discharge develops. Prominent edema of the
conjunctiva and lids develops, followed by corneal edema and ulceration. Perforation of the globe with

panophthalmitis may evolve.

(2) Other gonococcal infections include rhinitis, anorectal infection, arthritis, sepsis, and
meningoencephalitis.

(3) Conijunctivitis from silver nitrate, HSV, staphylococci, pneumococci, Escherichia coli, and Chlamydia
should be considered in the differential diagnosis.

c. Diagnosis

(1) A presumptive diagnosis is made by demonstration of gram-negative diplococci on Gram's stain of
the exudate.

(2) Definitive diagnosis requires bacterial culture.

d. Treatment (see Chap. 5, p. 127)

(1) Asymptomatic infants. If a Gram's stain or culture from a maternal or neonatal source is positive for N.
gonorrhoeae, the infant should be treated with one dose of aqueous crystalline penicillin G (50,000 units
for term and 20,000 units for preterm infants) IM or IV, or ceftriaxone, 125 mg (50 mg/kg for preterm

infants) IV or IM, in addition to ocular prophylaxis.

(2) Symptomatic infants (ophthalmia, arthritis, sepsis) should be treated with 100,000 units/kg/day q12h
of aqueous crystalline penicillin G for 7 days.



(3) Frequent saline irrigations of conjunctivae will help remove inflammatory exudate.

(4) The possibility of penicillin-resistant gonococcus should be considered. Sensitivity testing should be
done on all positive cultures. Cefotaxime, 100 mg/kg/day divided g8h (q12h for preterm infants) for 7
days, may be a more appropriate therapy until antibiotic sensitivities are obtained.

e. Prevention

(1) Pregnant women should have endocervical cultures for gonorrhea. Cultures should be repeated at
delivery for high-risk women.

(2) Application of erythromycin 0.5% ophthalmic ointment, tetracycline 1% ophthalmic ointment, or 1%
silver nitrate to the infant's eyes at the time of birth will usually prevent gonococcal ophthalmia.

B. Acquired bacterial infections

Acquired bacterial infections (see also Chap. 5). The incidence of sepsis in the newborn is 2 in 1,000. A
meningoencephalitis will also develop in approximately 25% of the cases of neonatal bacteremia and
sepsis.

1. Sepsis

a. Etiology. Bacterial and fungal organisms associated with neonatal infections are listed in Table
6-8Table 6-8.

b. Evaluation and diagnosis

(1) Predisposing factors include

(a) Premature onset of labor.

(b) Prolonged rupture of membranes.

(c) Maternal fever or other signs of chorioamnionitis.
(d) Maternal colonization with group B streptococci.
(e) Intravascular catheters in the neonate.

(f) Tracheal intubation.

(2) History. Sepsis may manifest as

(a) Any sudden clinical deterioration.



(b) Temperature instability or signs of metabolic acidosis.

(c) Nonspecific signs, such as poor feeding, lethargy, vomiting, or diarrhea.

(3) Physical examination

(a) Cardiopulmonary findings include cyanosis, apnea, tachypnea, and respiratory distress.

(b) Other findings include abdominal distention, ileus, pustules, petechiae, purpura, omphalitis, and
seizures.

(4) Laboratory and radiographic evaluation

(a) Leukopenia below 5,000/mm3, a total neutrophil count under 1,000/mm3, and a ratio of immature
(band) to total neutrophils of greater than 0.2 all correlate with an increased risk of bacterial infection.

(b) Cultures. Blood cultures should be obtained from a peripheral site. Cerebrospinal fluid cultures should
be obtained in infants who are believed to be at high risk for meningitis. Urine cultures are generally not
helpful in the immediate perinatal period.

(c) Chest x-ray in infants with abnormal respiratory signs may reveal an infiltrate.

(d) Antigen detection methods, for example, for group B streptococci, such as latex agglutination assays,
may be helpful, especially in the setting of antenatal maternal antibiotic treatment or parenchymal lung
disease with negative blood cultures. There is, however, a significant false-positive rate.

c. Treatment of sepsis (see Chap. 7, p. 238; see also Table 5-2Table 5-2, p. 81).

(1) When sepsis is suspected, initiate antibiotic treatment before culture results are available (Table
6-9Table 6-9).

(2) Newborns at high risk for sepsis, or in whom the diagnosis of sepsis is suspected, should be treated
for the pathogens of greatest concern-group B streptococcus (GBS), E. coli (ECK1), and Listeria (see
Table 6-9Table 6-9). In this group, ampicillin and an aminoglycoside, such as gentamicin, are
recommended for initial therapy. Ampicillin is used for initial therapy because of its effectiveness against
streptococci, Listeria monocytogenes, enterococci, and some gram-negative bacteria. Third-generation
cephalosporins may be useful in the treatment of gram-negative infections. However, they have limited
activity against Listeria and may place neonates with significant hyperbilirubinemia at increased risk for
kernicterus because they displace bilirubin from albumin-binding sites.

(3) Although ampicillin and gentamicin provide excellent broad coverage for perinatal pathogens, this
combination may not be preferred for neonates at risk for nosocomial infections (usually > 1 wk in the
nursery or neonatal intensive care unit [NICU]). These pathogens include E. coli, Klebsiella-Aerobacter,
Pseudomonas, Serratia, and Staphylococcus epidermidis. The pattern of antibiotic susceptibility of the
common pathogens causing nosocomial infections in the nursery is important. Given the predominance of
coagulase-negative staphylococci as the principal cause of nosocomial sepsis, vancomycin has become



a principal agent for presumptive nosocomial gram-positive bacterial coverage. Presumptive
gram-negative coverage can continue to be provided with an aminoglycoside. Ampicillin and an
aminoglycoside remain the antibiotics of choice when meningitis or a urinary tract infection is suspected.

(4) Antibiotic therapy should be refined to accommodate the sensitivities of organism(s) recovered.

(5) Drug levels (peak and trough) should be obtained around the third to fifth dose for aminoglycosides
and vancomycin in order to ensure therapeutic levels and avoid toxicity.

2. Meningitis

a. Etiology. Group B streptococci and E. coli account for 70% of all cases of neonatal meningitis in North
America. Listeria monocytogenes, miscellaneous gram-positive and gram-negative organisms,
Haemophilus influenzae, and anaerobes account for the remainder.

b. Evaluation

(1) Neonatal meningitis can be rapidly fatal, despite subtle initial clinical signs. Lethargy, irritability,
seizures, or encephalopathy can develop.

(2) A full fontanel is a late sign of meningitis.

(3) Temperature instability or fever may be present.

(4) Laboratory studies (see p. 208).

c. Diagnosis

(1) Any infant suspected of having sepsis should be considered for a lumbar puncture.

(2) The diagnosis is suspected when more than 20 to 25 WBC/mm3 are present in CSF and this is
confirmed by a positive CSF culture.

d. Treatment (see also Chap. 5, p. 137)

(1) The initial empiric therapy for meningitis is ampicillin (300 mg/kg/ day) and gentamicin (2.5
mg/kg/dose) (see Table 6-9Table 6-9).

(2) The Gram's stain of CSF or recovery of specific bacterial antigens may guide initial therapy.

(3) Isolation of an organism from cultures and antibiotic sensitivities guide subsequent therapy.

(4) For meningitis in low-birth-weight infants who have been in the nursery for several weeks and in
those infants with central intravascular catheters, a penicillinase-resistant penicillin or vancomycin should

be added to the regimen or substituted for ampicillin because of the risk of Staphylococcus aureus or
epidermidis infection.



(5) The morbidity and mortality in gram-negative neonatal meningitis caused by penicillin-resistant
organisms remain so high that early, aggressive therapy must be instituted. The poor penetration of
systemically administered gentamicin into the cerebrospinal space can result in an inadequate
bactericidal activity against gram-negative organisms.

(6) To assess sterilization of the blood and CSF, repeat cultures should be performed.

(7) Intravenous antibiotic therapy of meningitis should continue for 14 to 21 days. Gram-negative
meningitis requires 21 days of treatment.

3. Group B streptococcal infection. Group B streptococcus (GBS) is the most common cause of sepsis in
most nurseries in the United States.

a. Etiology. Group B streptococci are recovered from the vaginal cultures of 25% of American mothers at
the time of delivery. Of their infants, 25% have positive skin or nasopharyngeal cultures, or both. Yet, for
every 100 colonized infants, only 1 will develop invasive disease.

b. Evaluation

(1) Early-onset group B streptococcal sepsis can progress rapidly from mild respiratory distress,
mimicking "transient tachypnea of the newborn," to shock and death. If the disease presents within a few
hours of birth, the mortality is high, irrespective of therapy.

(2) Late infection presents as meningitis or sepsis, or both, at 2 to 4 weeks of age.

(3) Laboratory evaluation includes CBC, chest radiograph, blood culture, urinalysis and culture, lumbar
puncture, and gastric aspirate.

c. Diagnosis

(1) Diagnosis is confirmed by positive blood, urine, or CSF cultures.

(2) The chest x-ray may show alveolar or interstitial infiltrates, or a pattern similar to that of HMD.

(3) Gram's stain of gastric aspirate may show chains of gram-positive bacteria and neutrophils.

(4) The latex agglutination test may be helpful in cases in which the mother was treated with antibiotics
before delivery. Because of the high false-positive rate associated with urine latex agglutination tests, a
positive result must be interpreted in the context of the clinical picture.

d. Treatment

(1) Infants with documented group B streptococcal pneumonia should be treated with aqueous penicillin,

200,000 units/kg/day divided into three to four doses for up to 14 days (see Table 6-9Table 6-9). One
week of treatment with gentamicin often supplements penicillin therapy.



(2) In documented meningitis, treatment with penicillin G should be carried out for 14 to 21 days at
400,000 units/kg/day.

e. Prevention
(1) Polyvalent group B streptococcus vaccine is being evaluated for use in nonimmune pregnant women.

(2) Administration of ampicillin to colonized pregnant women with fever, a history of previously
GBS-infected newborns, preterm labor, or prolonged rupture of membranes (>12 to 18 hr), at any
gestational age, effectively reduces the incidence of neonatal group B streptococcal infection.

4. Pneumonia (see also Chap. 5, p. 102)
a. Etiology

(1) Congenital pneumonia. Transplacental agents include TORCH agents, enteroviruses, T. pallidum, L.
monocytogenes, Mycobacterium tuberculosis, Mycoplasma, Ureaplasma, and Candida albicans.

(2) Perinatally acquired pneumonia is associated with inhalation of infected amniotic fluid (often caused
by prolonged rupture of the membranes) or hematogenous miliary seeding of the lungs. These
pneumonias are due to maternal vaginal flora, including group B streptococci, E. coli, other gram-negative
enteric bacteria, staphylococci, pneumococci, anaerobic organisms, Chlamydia, Mycoplasma,
Ureaplasma, and HSV.

(3) Nosocomial pneumonia acquired after birth can come from nursery personnel, other infants in the
nursery, or nursery equipment. Staphylococci, gram-negative enteric bacteria, enteroviruses, respiratory
syncytial virus, adenovirus, parainfluenza virus, Chlamydia, and HSV are common agents.

b. Evaluation
(1) A history of maternal fever, premature delivery, prolonged rupture of membranes, obstetric
manipulation, or foul-smelling amniotic fluid should increase suspicion of neonatal bacteremia or

pneumonia.

(2) Physical examination. Fever, lethargy, tachypnea, grunting, flaring of nasal alae, retractions, irregular
breathing, rales, and cyanosis may be present.

(3) Laboratory tests should include a CBC, and a chest x-ray for evidence of pulmonary infiltrate or
pleural effusion. Cultures of the blood, urine, CSF, and tracheal aspirate (if intubated), should be

obtained.

(4) If large amounts of pleural fluid are present, thoracentesis should be performed. Direct lung aspiration
or lung biopsy is indicated in cases that are unresponsive to standard therapy.

c. Diagnosis. A chest radiograph shows a pulmonary infiltrate.



d. Treatment

(1) General supportive measures

(2) Respiratory support

(3) Antibiotic therapy should be instituted as detailed in the treatment of sepsis, above.

5. Omphalitis

a. Etiology. Infection with streptococci and staphylococci is common. An ascending thrombophlebitis may
indicate that the infection has spread to the liver, with resultant liver abscess or thrombosis of the hepatic
vein.

b. Evaluation and diagnosis

(1) If true omphalitis is present, the infant should have a full evaluation for sepsis, including blood, urine,
and CSF cultures.

(2) Infection can cause peritonitis and septic emboli to the liver, lungs, pancreas, kidney, skin, and bone.
c. Treatment

(1) As for sepsis, IV antibiotics should be administered before culture results are available. Because
Staphylococcus is a common agent, oxacillin and gentamicin should be continued for 7 to 10 days.

(2) Any catheter in the umbilicus should be removed.

6. Tuberculosis in the newborn (see Chap. 5, p. 147).

7. Urinary tract infection is due to an ascending or hematogenous source. The diagnosis is made by
examination and culture of urine obtained by a bladder tap or sterile catheterization. Initial systemic
treatment with ampicillin and an aminoglycoside is indicated. Duration of parenteral treatment is 14 days.
Ultrasound and contrast studies of the urinary tract are indicated after treatment in order to evaluate for
anomalies and reflux. (see also Chap. 5, p. 121)

8. Skin pustules

a. Etiology. Staphylococci and, less commonly, streptococci, are the most common causative organisms,
followed by maternal group 6 streptococci, coliforms, and anaerobic organisms. Wounds from scalp
monitors or abrasions related to delivery can cause both local and systemic infection.

b. Evaluation and diagnosis. Gram's staining will show gram-positive cocci.

c. Therapy



(1) When only a few staphylococcae pustules are present, bathing with antibacterial soap and local
application of bacitracin ointment may suffice.

(2) If there are multiple pustules or the infant appears sick, a sepsis evaluation and systemic treatment
with oxacillin are indicated. Systemic iliness or local spread in spite of topical therapy requires the use of
systemic parenteral antibiotics and occasionally incision and drainage.

9. Septic arthritis or osteomyelitis (see Chap. 5, pp. 134, 136)

a. Etiology. Can result from bacteremia or local trauma (heel sticks).

b. Evaluation and diagnosis require clinical examination, joint ultrasound and aspiration of fluid, and
occasionally bone scan. Radiographic changes usually occur late in illness.

c. Treatment is administration of systemic antibiotics for 3 to 4 weeks after local signs resolve (see Chap.
5). Open surgical drainage is recommended for diagnosis and relief of pressure in some joints (e.g., hip,
shoulder), but needle aspiration may be sufficient for others (e.g., knee, wrist). Immobilization of joints is
recommended until local signs have resolved and physical therapy can be initiated.

C. Isolation guidelines.

Isolation guidelines. Guidelines for obstetric-neonatal isolation procedures can be found in the American

Academy of Pediatrics and the American College of Obstetricians and Gynecologists' Guidelines for
Perinatal Care, 1994.

IX. Fluid and electrolyte management (see also Chap. 4)

A. Electrolytes

1. Sodium

a. The usual maintenance requirement for sodium is 2 to 3 mEqg/kg/day starting on the second or third
day of life. Preterm infants may require 4 to 8 mEg/kg/day because of sodium wasting secondary to
immature renal function. As the kidney matures over the first few weeks, this requirement will gradually
decrease.

b. Hyponatremia can result from sodium deficiency or free-water excess.

c¢. Hypernatremia is caused by sodium overload, free-water loss secondary to diarrhea and vomiting, or
failure to provide adequate free water in immature infants with increased insensible water loss.

d. Treatment of hyponatremia and hypernatremia (see Chap. 4, p. 73).



2. Potassium

a. The usual maintenance requirement for potassium is 2 to 3 mEg/kg/day starting on the second or third
day of life.

b. Hyperkalemia in the newborn may be caused by excessive potassium administration, adrenal
insufficiency, or exchange transfusion with old blood. The ECG may show peaked T waves.

c¢. Hypokalemia in the newborn can be due to insufficient replacement of ongoing potassium losses,
recurrent vomiting (e.g., pyloric stenosis), or diuretic use. The ECG may show depressed T waves.

d. Treatment of hypokalemia and hyperkalemia (see Chap. 9, p. 310).

3. Calcium requirements are 30 to 45 mg/kg/day. Since IV infiltrates with calcium containing intravenous
fluids (IVF) can cause severe tissue damage, calcium should not be added to peripheral IVF unless
necessary.

B. Fluid and electrolyte monitoring

Fluid and electrolyte monitoring. Fluid and electrolyte balance must be assessed frequently.

1. History of intake and output.

2. Physical examination and weight.

3. Blood: serum electrolytes and osmolality.

4. Urine: urinalysis and urine electrolytes.

C. Fluid and electrolyte requirements

1. Term infants

a. Fluid requirement is approximately 60 to 80 mil/kg on the first day of life. Subsequently, add 20
ml/kg/day each day until total input peaks at about 150 ml/kg/day. Requirements are decreased in the
setting of renal failure, cardiac failure, decreased insensible water loss (IWL), and increased antidiuretic
hormone (ADH) states. Requirements are increased with excess IWL, low humidity, fever, activity, and
increased renal loss.

2. Premature infants

a. Fluid requirements (ml/kg/day):

Body weight (g) Days 1-2 Day 3 Days 15-20

>2,000 60-80 80-120 120-150



2,000-1,750 80 100 150

1,750-1,500 80 110 150
1,500-1,250 90 120 150
1,250-1,000 100 130 150
1,000-750 100-120 140 150

b. Premature infants who weigh less than 1,000 g may require in excess of 200 ml/kg/day.

¢. Small premature infants who receive large volumes of IVF may require a glucose concentration of less
than 10% D/W in order to avoid hyperglycemia and glucosuria.

d. Electrolyte requirements

(1) Sodium. Premature infants require at least 2 to 3 mEqg/kg/day starting on day 2 or 3. Many require up
to 4 to 8 mEqg/kg/day.

(2) Potassium intake should be initiated as 2 to 3 mEqg/kg/day on day 2 or 3 if renal function is
appropriate for gestational age.

X. Neurologic problems
A. Neonatal seizures (see also Chap. 20, p. 520)
1. Etiology

a. Asphyxia (hypoxia, ischemia). The depressed newborn exhibits a neonatal encephalopathy that may
be accompanied by seizures.

b. Intracranial hemorrhage.

c. Infection.

d. Metabolic or electrolyte disorders.
e. Inborn errors of metabolism.

f. Toxins.

g. Cerebral dysgenesis.



h. Benign familial seizures.
2. Evaluation

a. A full perinatal history and neonatal examination will help differentiate among the many causes of
neonatal seizures.

b. Laboratory assessments should include serum evaluation of blood sugar, sodium, calcium,
magnesium, CBC and cultures, and a urine toxicology screen. A CSF examination, EEG with pyridoxine
infusion, cranial ultrasound, and/or cranial CT scan can facilitate diagnosis, treatment, and determination
of prognosis.

3. Diagnosis. Neonatal seizures can be divided into five categories: tonic, focal clonic, multifocal clonic,
myoclonic, or, most commonly, subtle. Subtle seizures can include eye deviation, nystagmus, apnea,
sucking movements, tongue thrusting, bicycling, and swimming movements.

4. Therapy

a. Treat neonatal seizures promptly.

b. Attention must first be directed to vital signs, with maintenance of airway, breathing, and circulation.

c¢. Therapy should subsequently be directed at the treatable causes, such as hypoglycemia or pyridoxine
deficiency (dose for pyridoxine administration is 50-100 mg V).

d. The cornerstone of antiepileptic therapy is phenobarbital.
() The loading dose is 10 to 20 mg/kg administered over 5 to 10 minutes.

(2) A dose of 10 mg/kg can be readministered one or two more times, if necessary, to control ongoing
seizures.

(3) The maintenance dose of phenobarbital is 4 to 5 mg/kg/day, administered qd or bid. Phenobarbital is
well absorbed orally. The therapeutic range is 20 to 40 pug/ml. The half-life in newborns is 45 to 173
hours.

e. Phenytoin is the usual second-line drug.

(1) The loading dose is 20 mg/kg.

(2) The maintenance dose for IV phenytoin is 5 to 8 mg/kg/day, usually divided bid. Doses of phenytoin
that exceed 10 mg/kg/day are occasionally necessary to maintain therapeutic serum levels.

(3) Phenytoin is very poorly absorbed orally and has an exceedingly short half-life in the first months of
life. Long-term use should be avoided if possible.



f. After administering phenobarbital and phenytoin, rectal paraldehyde is the usual next drug of choice.
Rectal valproate is used on rare occasions.

g. Duration of therapy is determined by the risk of recurrent seizures.
h. Treatment with antiepileptic medications can sometimes suppress clinically evident seizures; in these
cases, EEG monitoring will reveal persistent, clinically silent epileptic activity. It is controversial as to

whether or not anticonvulsant levels should be increased to suppress these EEG findings.

i. Long-term anticonvulsant therapy should be reassessed and modified if recurrent seizures develop or
new side effects emerge.

B. Intraventricular hemorrhage (IVH)

1. Etiology. Multifactorial.

2. Evaluation and diagnosis. Presentation of IVH depends on the severity of hemorrhage.
a. Physical examination

(1) An infant with IVH may be asymptomatic or in extremis. In particular, though, premature infants with
any abnormal neurologic signs have increased relative risk of IVH.

(2) Specific signs: temperature instability, apnea, bradycardia, a full fontanel, shock, coma, tonic
seizures, decerebrate posturing, quadriparesis, and dilated pupils (pupils may not constrict to light until 34
wk gestational age).

b. Laboratory

(1) Real-time ultrasound delineates the IVH.

(2) Lumbar puncture often reveals xanthochromia, elevated protein, and late hypoglycorrhachia.
Meningeal irritation from blood can cause a CSF pleocytosis.

(3) A fall in hematocrit may be noted.

(4) Metabolic acidosis can occur.

(5) Most intracranial hemorrhages are clinically inapparent. Although 90% of IVHs occur in the first 3
days of life, hemorrhage can progress for several more days. All infants at risk for IVH (wt < 1,500 g,
gestational age < 32 wk) should have a routine head ultrasound on day of life 1 to 3 and 7 to 10.

Follow-up scans should be obtained as indicated.

3. Classification. It is most accurate to describe the anatomic distribution of an IVH.



4. Prevention. Prevention of preterm delivery is the most effective way to decrease the incidence of IVH.
5. Therapy

a. General supportive care and measures should be instituted.

b. Blood pressure should be maintained in a narrow, normal range.

c. Excess cerebral perfusion may increase severity of cerebral hemorrhage and therefore should be
avoided.

d. Daily head circumference measurements and weekly ultrasound assessment of extent of hemorrhage
and ventricular size should be obtained.

e. Minor hemorrhages have a good prognosis and usually need only supportive care.

f. If progressive ventriculomegaly develops with evidence of increased intracranial pressure, serial
lumbar punctures can postpone definitive shunting. Furosemide (Lasix), 1 to 2 mg/kg/day, and
acetazolamide (Diamox), 50 to 100 mg/kg/day, are used as ancillary treatments to reduce CSF

production.

g. In acute hydrocephalus that is unresponsive to serial lumbar punctures and diuretic therapy, a
temporary ventriculostomy may be necessary.

h. If progressive hydrocephalus recurs, the patient will require a ventriculoperitoneal (VP) shunt.
C. Periventricular leukomalacia (PVL).

Periventricular leukomalacia (PVL). White matter injury can result in spastic diplegia, and other cognitive,
motor, and sensory defects, including reduced visual fields.

XI. Necrotizing enterocolitis (NEC)
A. Etiology
Etiology is multifactorial.

1. Impaired intestinal epithelial barrier function allows bacterial invasion of the bowel wall, with
subsequent sepsis and perforation.

2. Factors that can exacerbate mucosal damage include ischemia, feeding of hypertonic formulas or
medications, and local bacterial or viral infection.

B. Evaluation



1. Physical examination. Temperature instability, apnea, lethargy, shock, or nonspecific signs may be
present. Signs of hypomotility (bilious gastric aspirates), ischemia, and DIC (heme-positive stool, gastric
aspirates) may also be present.

2. Laboratory evaluation should include ABGs; CBC (with WBC differential and platelet count);
electrolytes; glucose; BUN; creatinine; PT and PTT; cultures of blood, stool, and CSF (if stable); kidneys,
ureters, bladder (KUB), and cross-table lateral abdominal x-ray.

C. Diagnosis

1. The presence of pneumatosis intestinalis on abdominal x-ray confirms the diagnosis. Free peritoneal
gas or gas in the portal venous system may be seen. Both are ominous signs.

2. Laboratory abnormalities include neutropenia, thrombocytopenia, acidosis, hyponatremia,
hyperkalemia, hypoglycemia, and abnormal presence of reducing substances in stool.

D. Treatment
1. The infant should receive nothing by mouth.
2. A nasogastric tube should be placed to suction.

3. After appropriate cultures have been obtained, the infant should be started on broad-spectrum
systemic antibiotics, including ampicillin, gentamicin, and clindamycin.

4. Treatment of shock, acidosis, hyponatremia, thrombocytopenia, or DIC should be instituted.

5. Frequent vital signs, examinations, serial abdominal x-rays, CBC with platelet count, electrolytes, and
pH g6h determine the need for surgical intervention.

6. Early surgical consultation is recommended. Indications for surgery include perforation or persistent
clinical deterioration.

7. Peripheral or central hyperalimentation should be instituted.
8. Bowel rest and antibiotics should be continued for 10 to 14 days.

9. Intestinal strictures or recrudescent NEC can complicate the convalescent phase of NEC.

XIlI. Drug withdrawal in the newborn

A. Etiology.



Etiology. Withdrawal symptoms may be seen in infants born to mothers who take narcotics, methadone,
diazepam, phenobarbital, alcohol, ethchlorvynol, pentazocine, chlordiazepoxide, or other drugs of abuse.

B. Evaluation and diagnosis

1. Maternal history

2. The infant's symptoms include disturbed patterns of sleeping and waking rhythms, nasal congestion,
sneezing, yawning, high-pitched cry, increased sucking, ravenous appetite, irritability, jitteriness,
hypertonicity, hyperreflexia, clonus, sweating, tachypnea, vomiting, diarrhea, dehydration, fever, and
seizures or tremors.

3. Infants of methadone-treated mothers may have severe, prolonged, or "late" withdrawal.

4. Maternal cocaine addiction has significant effects on the developing fetus and newborn, including
intrauterine growth retardation, prenatal ischemic events in the CNS and Gl tract, premature labor, and
placental abruption following acute intoxication. Infants may be irritable and jittery for weeks after birth.
5. Diagnosis can be made from blood, urine, or stool.

C. Treatment.

Treatment. The goal of treatment is to minimize irritability, vomiting, and diarrhea, while promoting growth
and sleep between feedings. Heavy sedation should be avoided.

1. Swaddling, holding, and rocking may comfort infants with mild symptoms.
2. Drugs. More severely affected infants will require medication.

a. Phenobarbital, 5 to 8 mg/kg/day IM or PO in three divided doses, and tapered over 2 weeks, can
ameliorate withdrawal.

b. Neonatal opiate solution diluted to a concentration of 0.4 mg/ml morphine is given as 0.05 ml/kg dose
g4-6h.

¢. Methadone should not be routinely used until more data on toxicity are available. Methadone is
excreted in breast milk.

3. Proper disposition and follow-up of these infants should be arranged.

XIIl. Surgical emergencies

A. Tracheoesophageal fistula (TEF) with or without esophageal atresia (EA)



1. Etiology. Esophageal anomalies in the newborn are classified based on anatomy.

2. Evaluation. Symptoms may include excessive salivation, regurgitation of feedings, coughing from
aspiration of feedings or gastric contents, abdominal distention, or a scaphoid, airless abdomen.

3. Diagnosis

a. Esophageal atresia is diagnosed by the inability to pass a catheter from the nose or mouth into the
stomach. A plain chest radiograph may show a dilated upper esophageal pouch with a catheter coiled in

the upper pouch.
b. The absence of abdominal gas on radiograph suggests EA without a distal TEF.

c. Tracheoesophageal fistula without EA may be suspected because of recurrent aspiration with feeding
and excessive gas in the bowel.

4. Treatment. The goal is to prevent aspiration and to provide nutrition and support before definitive
surgical therapy.

a. Sump catheter drainage of the upper pouch.

b. Provision of a reliable 1V line for nutrition and fluids.
c. Thirty-degree head-up position.

d. Close monitoring for signs of infection.

e. Provision of adequate respiratory support.

f. A gastrostomy is indicated to decompress the abdomen and prevent aspiration of gastric contents,
particularly if mechanical ventilation becomes necessary. Definitive repair can be early, delayed, or

staged.
B. Omphalocele and gastroschisis

1. Omphalocele

a. Etiology. Omphalocele may be associated with other anomalies, including cardiac, genitourinary,
anorectal, and limb anomalies, or may be part of a syndrome such as Beckwith-Wiedemann or trisomies

13,18, and 21.
b. Emergency medical treatment includes
(1) Decompress the Gl tract via hasogastric tube.

(2) Protect an intact sac or intestines in a ruptured sac with saline-moistened Kling gauze and plastic



wrap to support the intestinal viscera.

(3) Provide 1V fluids.

(4) Initiate antibiotics (ampicillin and gentamicin).
(5) Monitor temperature and blood pressure.

(6) Provide immediate surgical treatment.

2. Gastroschisis. Medical management of gastroschisis is similar to that of omphalocele. Infants with
gastroschisis should be evaluated for malformation of the colon and intestinal atresia.

C. Intestinal obstruction
1. Etiology. The causes are listed in Table 6-10Table 6-10.

2. Evaluation

a. The symptoms of intestinal obstruction vary with the site of the lesion. Lesions distal to the pylorus
present with bile-stained vomiting. Lesions high in the bowel such as malrotation with midgut volvulus will
present with little abdominal distention, while lesions low in the bowel such as ileal atresia will cause
distention. The patient may have a history of polyhydramnios.

b. Laboratory evaluation may include hematocrit, CBC, electrolytes, ABGs and pH, a radiograph of the
abdomen taken with the infant in the left lateral decubitus and flat positions, a barium swallow or enema,
and a sweat test to assess cystic fibrosis in cases of meconium ileus.

3. Diagnosis
a. Pyloric stenosis.

b. Duodenal atresia.

c. Jejunoileal atresia.

d. Volvulus with or without malrotation of the bowel is an emergency. It may present as bile-stained
vomiting without much abdominal distention in an infant who has previously been passing stools.
Abdominal tenderness may be present. Radiographs may show duodenal obstruction with little air in the
rest of the bowel. A barium enema may show the cecum in the upper right or central abdomen.
Demonstration of absent or abnormal position of the ligament of Treitz confirms the diagnosis of
malrotation.

e. Meconium ileus.

f. Functional obstruction due to conditions such as prematurity, meconium plug syndrome,



hypermagnesemia, and Hirschsprung's disease.

4. Treatment of intestinal obstruction includes

a. Nasogastric suction.

b. Fluid and electrolyte therapy; volume replacement (colloid) if indicated.

c. Antibiotics if the integrity of the bowel is questionable or the infant appears sick.
d. Surgical consultation.

D. Diaphragmatic hernia

1. Evaluation. Mortality from this disease is high due to the associated hypoplastic lungs, abnormal
pulmonary vasculature, and persistent pulmonary hypertension.

2. Diagnosis. The diagnosis is confirmed by chest radiograph.
3. Treatment. When a diaphragmatic hernia is suspected, the following measures should be employed.
a. A large nasogastric tube should be inserted and put to suction.

b. The infant should receive oxygen and respiratory support as needed. Any positive pressure should be
administered through an endotracheal tube.

c. An IV line should be placed.
d. Hypoxia and acidosis should be treated.
e. Prompt surgical correction should be carried out.

f. Extracorporeal membrane oxygenation (ECMO) may be required.

7 Emergency and Intensive Care
Top

Anne Stack, Michael McManus, and Baruch Krauss

I. Cardiopulmonary resuscitation



A. Diagnosis of cardiorespiratory arrest

The diagnosis of cardiorespiratory arrest must be made rapidly (absent pulse and respirations). Prompt
and orderly resuscitative efforts are essential, and rapid assignment of responsibilities is mandatory.

1. The first person at a cardiorespiratory arrest must establish the diagnosis. If the patient is
unresponsive, call for help. If the patient is not breathing, a patent airway is established via a chin lift or
jaw thrust; two slow breaths are given, and then the carotid pulse is palpated. If there is no pulse, the first
cycle of compressions and ventilations is begun (see below).

2. The resuscitation team includes the following:

a. The leader (the most experienced person) assigns others their roles, makes all therapeutic decisions,
and continually reassesses the quality of the resuscitative efforts.

b. The airway is managed to ensure patency and adequacy of respirations.

c. Cardiac compressions are performed at an age-appropriate rate and depth.

d. Vascular access should be accomplished by the next available person.

e. Age- and weight-appropriate doses of medications are prepared.

f. The dose and time of medication administration are recorded, as are procedures or diagnostic tests.

g. The float/circulator monitors chest movement during ventilation and adequacy of cardiac
compressions, places ECG leads, measures the blood pressure, and assists wherever help is needed.

h. One person must obtain a history from the parents or caretakers and keep them informed of events.

B. The following equipment and medications must be available.

1. Airway. Oxygen, suction, and Yankauer suction catheters; adult and pediatric sized masks; oral and
nasal airways; flow-dependent anesthesia or self-inflating bags; endotracheal tubes (ETT); laryngoscopes
with pediatric and adult blades; McGill forceps; stylets; benzoin; and tape.

2. Drugs (Table 7-1Table 7-1).

3. Vascular access. Intravascular catheters, syringes, intraosseous needles, cutdown tray, tourniquet,
and tape.

4. Other. Blood pressure cuff, thermometer, glucose-specific coated strips (Dextrostix, Chemstrip), ECG
machine and leads, defibrillator, chest tubes and Pleurivacs, Foley catheter, nasogastric tubes, and
cardiac pacemaker.



C. The ABCs of resuscitation (adapted from the American Heart Association recommendations)
1. Airway (A)

a. Immobilize the cervical spine if spinal cord injury is a possibility.

b. Clear the oropharynx with a Yankauer suction or bulb suction. Avoid blind finger sweeps.

c¢. The jaw-thrust or chin-lift maneuver removes obstruction caused by the tongue and soft tissues of the
neck.

d. The head must be in the midline. Because the larynx in a child is more anterior and superior than that
of an adult, the child can be put in the "sniffing" position to optimize patency; avoid hyperextension of the
neck, as this can obstruct the airway.

e. Oral or nasopharyngeal airway placement may improve patency.

2. Breathing (B). Begin mouth-to-mouth or bag-to-mouth ventilation with 100% oxygen. Assess the
adequacy of the ventilation by observing chest wall excursion. If chest wall excursion is insufficient
despite airway patency, prompt endotracheal tube placement is indicated.

3. Circulation (C)

a. The patient is placed on a hard, solid surface, and external cardiac compressions are started
immediately.

b. Ventilation-compression. The ventilation-compression ratio is 1:5 with a 1- to 1.5-second pause for
ventilations to allow for adequate inspiratory time. The rate of compressions is at least 100 per minute for
the infant and older child. The rate of compressions in the newborn is at least 120 per minute, with a 1:3
ventilation-compression ratio.
c¢. Technique. Compressions for the infant are performed using one of two methods.

(1) The two-finger technique utilizes two fingers of one hand for sternal compressions.

(2) The preferred hand-encircling technique is performed using two hands; the infant is grasped with the
fingers supporting the back and the thumbs over the middle third of the sternum.

(3) Compressions in the infant are done one fingerbreadth below the nipple line. For the toddler, the heel
of one hand is used and in the older child, two hands interlaced are used; in both cases, compressions

are done two fingerbreadths above the xiphoid.

d. The adequacy of cardiac compressions is assessed by palpating femoral or brachial pulses, or both.
Counting aloud should be done by the rescuer who is doing chest compressions.

e. An ECG monitor can be attached when help arrives. Temperature, blood glucose (e.g., Chemstrip,



Dextrostix), and hematocrit are measured.

4. Drugs (see Table 7-1Table 7-1)

a. Route

(1) Peripheral venous access should be attempted percutaneously.

(2) If peripheral access requires more than 1 to 2 minutes, proceed quickly to intraosseous (I0) needle
placement at the proximal tibia or distal femur.

(3) Central access (femoral) is best achieved using the Seldinger catheter-over-a-guidewire technique.

(4) Several drugs can be delivered via the endotracheal tube. The dose should be doubled if using this
route.

b. Specific problems and therapies

(1) Asystole: epinephrine and atropine.

(2) Bradycardia: atropine or transcutaneous pacer.

(3) Hypoglycemia: intravenous glucose.

(4) Hyperkalemia or acidemia: sodium bicarbonate.

(5) Hypocalcemia: intravenous calcium.

5. Electrical energy

a. Cardioversion and defibrillation

(1) Supraventricular tachycardia (unstable)

(a) Adenosine, 0.1 to 0.2 mg/kg rapid IV push, can be attempted first ("2), followed by

(b) Synchronized cardioversion at a dose of 0.25 to 0.50 joule/kg; double the dose if unsuccessful.
(2) Ventricular tachycardia (with a pulse)

(a) Lidocaine, 1 to 2 mg/kg IV 5-10min (maximum 3 mg/kg), followed by procainamide, 5 to 15 mg/kg
slow IV (up to 30 mg/min to a total dose of 17 mg/kg), followed by bretylium, 5 to 10 mg/kg over 8 to 10

minutes (to a maximum of 30-35 mg/kg).

(b) If unsuccessful, synchronized cardioversion; dose, 1 joule/kg; double the dose if unsuccessful.



(3) Ventricular fibrillation/pulseless ventricular tachycardia
(a) Nonsynchronized defibrillation, 2 joules/kg. Repeat at twice the dose if unsuccessful two times.
(b) Epinephrine, 10 ug/kg IV, 10, or double the dose via endotracheal tube, and continue CPR.

(c) Precede subsequent defibrillation attempts with intravenous lidocaine, then bretylium. Maximum dose
is 360 joules.

b. Paddle placement

(1) Interface. Electrode cream, electrode paste, and saline-soaked gauze can all be used; do not use
alcohol pads.

(2) Paddle placement: one paddle at the right parasternum at the second intercostal space, one paddle
in the left midaxillary line at the level of the xiphoid.

(3) Safety. Announce "clear the table" and be sure operator is clear before discharge.
(c) Resume cardiopulmonary resuscitation immediately until effective cardiac output is achieved.
D. Pulseless electrical activity

If pulseless electrical activity is present, the patient should be evaluated and immediately treated for
correctable mechanical or metabolic derangements. These include

1. Profound hypovolemia-the most common cause.

2. Hypoxia.

3. Cardiac tamponade.

4. Tension pneumothorax or hemothorax.

5. Hypothermia. (see p. 253).

6. Toxin ingestion (see Chap. 8).

7. Profound metabolic imbalance-hyperkalemia and acidosis (see Chap. 12).
8. Massive pulmonary embolus.

E. latrogenic complications include

1. Rib fracture.



2. Splenic or hepatic damage.

3. Pneumothorax from subclavian and internal jugular cannulation, positive pressure ventilation, or rib
fracture.

4, Cardiac muscle damage or pericardial tamponade.

F. After successful resuscitation the patient must be closely monitored.

1. Cardiovascular system

a. Twelve-lead ECG and continuous ECG monitoring.

b. Blood pressure via indwelling arterial catheter.

c. Central venous pressure (CVP) to assess intravascular volume.

2. Pulmonary system

a. Arterial blood gas (ABG) to document the adequacy of ventilation and oxygenation.

b. Chest x-ray for ETT placement and evidence of aspiration, pneumothorax, or rib fracture.

3. Central nervous system. Observe for seizures, focal neurologic deficits, or signs of increased
intracranial pressure.

4. Renal system. Electrolytes. The renal lesion most commonly seen is acute tubular necrosis (see
Chap. 9).

5. Gastrointestinal system. Hypoperfusion injuries to the Gl tract may be detected as abnormal liver
function tests and blood in the stool.

6. Other considerations
a. Disseminated intravascular coagulation (see Chap. 15).
b. If trauma is suspected, evaluate with appropriate radiographs and serial hematocrits.

c. Sepsis or serious local infection may be a cause of the original arrest or a result of emergency
procedures (see Chap. 5).

Il. Shock

Shock is defined as failure of the cardiovascular system to provide oxygen and nutrients to the body's



tissues. Shock in children may be subtle but early recognition and treatment are paramount. The
diagnosis requires a careful history and physical examination for signs of compromised cardiac output.
Compensatory mechanisms in the child are extraordinarily effective and blood pressure is often
maintained until very late. Consequently, normal blood pressure should not necessarily be reassuring.

A. Etiology

1. Hypovolemic shock is due either to loss of intravascular volume or loss of vascular resistance.
a. Hemorrhage.

b. Severe gastroenteritis.

c. Sepsis.

d. Anaphylaxis.

e. CNS injury.

f. Burns.

2. Hypervolemic or normovolemic shock may be due to myocardial failure, outflow obstructive lesions,
rhythm disturbances, or increased metabolic demands.

B. Evaluation

1. The history should include specific details of the acute illness, hydration status (fever, intake, and
losses), past medical history, and medications taken.

2. Physical examination. An accurate weight and temperature must be obtained. Particular attention
should be paid to the cardiopulmonary systems: respiratory rate and lung examination, pulse and cardiac
exam, blood pressure with orthostatic changes, and peripheral perfusion. Neurologic status should be
assessed, including level of consciousness and pupillary response. Serial observations are important to
assess status and effectiveness of treatment.

3. Laboratory studies include

a. Arterial blood gas.

b. Complete blood count.

c. Electrolytes, blood sugar, calcium, BUN, creatinine, cardiac enzymes, liver function tests, toxic screen,
prothrombin time, partial thromboplastin time, and fibrin split products.

d. A chest x-ray to evaluate cardiac size and pulmonary vasculature.



C. Diagnosis

Diagnosis is confirmed by evidence of ineffective tachycardia, poor perfusion, and depressed mental
status.

D. Treatment of shock

1. Establish and maintain an adequate airway; oxygen should be administered to every patient with signs
of shock. Intubation and ventilatory support may be necessary.

2. Volume resuscitation. In shock without congestive heart failure, rapidly give a 20-ml/kg intravenous or
intraosseous holus of isotonic fluid (normal saline or lactated Ringer's solution). A second 20-ml/kg bolus

is indicated if clinical improvement is not noted.

a. If this volume replacement produces no clinical improvement, a CVP catheter can guide further
therapy.

(1) If the CVP is less than 5 mm Hg, further volume resuscitation is continued until the CVP is greater
than 5 mm Hg.

(2) If the CVP is greater than 5 mm Hg with no clinical improvement, the following should be considered.
(a) Pharmacologic support (Table 7-2Table 7-2).

(b) An ECG to evaluate the possibilities of myocarditis, pericardial tamponade, metabolic imbalance, or
arrhythmias.

(c) An echocardiogram to evaluate ventricular function or pericardial effusion.

(d) A Swan-Ganz catheter.

3. Monitoring

a. Vital signs. The following must be continuously monitored and recorded.

(1) Temperature.

(2) Respiratory rate.

(3) Heart rate with cardiac monitoring.

(4) Blood pressure. In infants and children, the best way to monitor blood pressure is by an indwelling
arterial catheter. If this method is not possible, blood pressure can be monitored closely by frequent

manual or other noninvasive measurements; a Doppler may be required for auscultation.

(5) Intake and output records. Intake, including crystalloid and colloid, and output, including urine via



Foley catheter, nasogastric, wound, stool, and blood losses, should be recorded hourly.

lll. Respiratory emergencies

A. Upper airway obstruction

1. Etiology

a. Swelling of normal tissues (as in traumatic, infectious, and allergic processes).
b. Aspiration of foreign objects.

¢. Anatomic abnormalities.

d. Loss of neurologic function and soft tissue tone.

2. Evaluation

a. History

(1) Onset. Acute or gradual.

(2) The nature and course of symptoms, including fever, dyspnea, stridor, wheezing, dysphagia,
dysphonia or aphonia, and cough.

(3) Precipitating event or condition, including choking on a foreign body, trauma to the upper airway, and
an acquired or congenital abnormality of the airway.

(4) Current medications.
(5) Allergies.

b. The physical examination should quickly assess the adequacy of ventilation and oxygenation and
identify the cause and site of airway obstruction.

(1) General appearance, including alertness, distress, anxiety. Restlessness, altered mental status,
pallor, or cyanosis suggests hypoxia.

(2) Vital signs.

(3) Cardiorespiratory findings. The nature and adequacy of air movement and adventitious sounds,
including stridor, dysphonia, and wheezing. Tachycardia out of proportion to the level of anxiety is often
present in the child with a compromised airway. Bradycardia and hypotension occur in association with
severe impairment of air movement.



3. Specific conditions

a. Epiglottitis-supraglottitis is a rapidly progressive bacterial cellutitis of the supraglottic tissues that can
result in total airway obstruction. It is a true medical emergency. Epiglottitis is most often seen in children
3 to 6 years old; children under 2 years of age may occasionally become infected and the diagnosis
confused with croup.

(1) Etiology. Haemophilus influenzae type b (Hib) has traditionally been the cause of 95% of cases. The
overall incidence has declined sharply with the advent of effective immunization against Hib. Group A
streptococci, pneumococci, and, more rarely, Corynebacterium diphtheriae or Mycobacterium
tuberculosis are isolated as causal agents.

(2) Evaluation
(a) To prevent death, the diagnosis must be made and definitive airway maintenance established quickly.
(b) History usually reveals acute onset of respiratory difficulty with rapid progression over several hours.

(c) Physical examination reveals drooling, dysphagia, fever, toxicity, inspiratory stridor, protruding jaw,
and extended neck.

(d) Rarely, other hematogenous foci of infection may be present, including otitis, pneumonia, and
meningitis. These must be ruled out.

(3) Diagnosis

(a) Definitive diagnosis is obtained via direct or fiberoptic visualization of the epiglottis conducted in the
emergency room by experienced personnel. Under most conditions, however, no attempt should be made
to visualize the epiglottis or to carry out any other procedure until the airway has been secured. Any
manipulation, including aggressive physical examination or venipuncture, can precipitate complete
obstruction.

(b) The presumptive diagnosis can be made on clinical grounds alone when needed, and if the child is in
little distress, lateral neck x-rays may assist in the diagnosis. These should be done under controlled
conditions, with the required staff and equipment for immediate intubation or tracheostomy in attendance.
In younger children, special care must be taken that the film is truly lateral, as even slight rotation can
produce "smudging" of the epiglottic shadow.

(4) Therapy

(a) Oxygen should be administered at the first sign of airwvay compromise. Care should be taken so as to
not disturb the child. Slow, deep breaths improve laminar airflow and gas exchange.

(b) Initial stabilization requires placement of a secure artificial airway under controlled conditions (i.e., in
the operating room after inhalation induction of general anesthesia). Intubation may be required for 1 to 3



days.

(c) Nasotracheal intubation is preferred over oral intubation as being more secure and comfortable for
the patient. An oral endotracheal tube is initially placed and then changed if this can be done easily.

(d) Very rarely, when intubation cannot be carried out, tracheostomy is indicated.

(e) After intubation, the epiglottis can be examined and swabs for culture can be taken. At the same time,
blood cultures can be drawn and IV fluids begun.

(f) Antibiotic therapy (see also Chap. 5). Ampicillin-sulbactam (Unasyn), 200 mg/kg/day, should be
started immediately. Alternatively, ceftriaxone, 50 mg/kg/day, or cefotaxime, 150 to 200 mg/ kg/day, can
be used.

(g) Evaluation for other foci of infection should be continued and the patient maintained in respiratory
isolation for 24 hours after initiation of antibiotic therapy.

b. Croup, or viral laryngotracheobronchitis, is marked by glottic and subglottic edema, resulting in loss of
voice and airway narrowing. Inflammation and obstruction to airflow result in characteristic barking cough,
and stridor.

(1) Etiology. Parainfluenza, influenza, respiratory syncytial virus, and, less commonly, adenovirus are
typical causes. Bacterial infection has been increasingly recognized but remains unusual.

(2) Evaluation and diagnosis

(a) History. A coryzal prodrome is common, with increasing barking cough and hoarseness. Often, it is
worse at night and usually occurs in children under 3 years of age.

(b) Physical examination is directed at assessing the extent of airway narrowing. Inspiratory stridor,
tachypnea, retractions, and diminished breath sounds indicate critical narrowing. Restlessness,
tachycardia, altered mental status, or cyanosis suggests hypoxia.

(c) Laboratory data. A lateral neck x-ray will rule out epiglottitis. An anteroposterior neck film will show
subglottal narrowing (the classic steeple sign). In serious cases, arterial oxygen saturation can be
monitored continuously by pulse oximetry and adequacy of ventilation by ABG.

(3) Therapy

(a) Home care. Most cases of croup are mild and can be managed at home. Therapeutic measures
include a cool-mist vaporizer, increased fluids, and careful observation. Parents should be instructed to
call their physician if the child's respiratory distress worsens.

(b) Hospital care. Humidified oxygen should be administered in a quiet room where parents can stay with
the child. Elimination of all but the most necessary procedures will help reduce the child's anxiety and
associated increased respiratory work. If tachypnea is present, continuous pulse oximetry is desirable.



(c) Aerosolized racemic epinephrine is usually sufficient: 0.25 to 0.75 ml diluted with 2 ml normal saline
(2.25%) and administered by standard passive aerosol equipment. However, rebound worsening may
occur approximately 30 to 60 minutes after use. Therefore, its use requires observation for up to 4 hours.

(d) Steroid administration is now generally accepted as helpful in reducing the severity of croup and
diminishing the need for intubation. Dexamethasone (0.5-0.6 mg/kg IM) can be used in moderate to
severe cases.

(e) When respiratory compromise is severe and respiratory failure is present or imminent, intubation
under controlled conditions is indicated. The need for frequent administration of racemic epinephrine may
indicate impending respiratory failure.

(f) The decision to discharge is based on reduction in severity, the family's capacity for home care, and
reduced need for observation.

c. Foreign body aspiration is the leading cause of accidental deaths in toddlers. The neurologic sequelae
of aspiration depend on the relative compromise of air movement. The respiratory sequelae depend on
the material aspirated and the extent and character of associated inflammation.

(1) Etiology. Poorly designed or age-inappropriate toys or food products, including peanuts, hard candy,
and gum, are usually involved. Balloons are a particular hazard in younger children, who may bite the
inflated toy and aspirate fragments as they startle at its rupture.

(2) Evaluation and diagnosis are directed at assessing the adequacy of air movement and locating the
site of obstruction and type of offending material.

(a) The history should identify the acuteness of onset and the circumstances surrounding aspiration.
Choking, gagging, high-pitched wheezing, dysphonia, or aphonia may be noted. A history of fever and the
clinical course will help differentiate acute aspiration from an infectious obstructive process (epiglottitis,
croup, bacterial tracheitis).

(b) The physical examination should first establish the adequacy of the airway and location of the
obstruction.

(c) Laboratory data. Anteroposterior and lateral neck and chest roentgenograms will reveal radiopaque
foreign bodies and occasionally provide clues as to the location of radiolucent objects. Obstruction of the
upper airway from foreign bodies usually occurs at the laryngeal level. Inspiratory and expiratory films and
fluoroscopy are sometimes very useful in patients with negative radiographic findings.

(3) Therapy depends on the acuteness and severity of the obstruction.

(a) A conscious, actively choking, aphonic child with minimal air movement requires immediate
noninvasive procedures.

(b) If the child is in stable condition, pink, coughing, and vocalizing well, attempts to remove the foreign



body (laryngoscopy or bronchoscopy) should await controlled conditions.
(i) If the victim is an infant, (< 1 yr), the Heimlich maneuver should be avoided because of potential
intraabdominal injury. In this age group, a combination of up to five back blows and five chest thrusts is

recommended.

(ii) If the victim is a child (> 1 yr), the Heimlich maneuver (4-6 subdiaphragmatic abdominal thrusts) is
recommended.

(i) Blind finger sweeps are contraindicated in the infant and child because they can advance a foreign
body further down the airway.

(iv) An unconscious child with inadequate respirations should receive 100% oxygen by face mask. When
staff members experienced in laryngoscopy are present, immediate direct laryngoscopy may allow
visualization and removal of the foreign body. When this is not possible, or if laryngoscopy is difficult or
prolonged, then emergency cricothyrotomy with a large-bore (e.g., 14-gauge) catheter (for insufflation of
100% oxygen), or tracheostomy, is indicated. Occasionally, endotracheal intubation will bypass a soft
foreign body or move the object into a main-stem bronchus and permit ventilation of the contralateral
lung.

d. Bacterial tracheitis is an acute, infectious airway disease with clinical features common to both croup
and epiglottitis.

(1) Etiology. Staphylococcus aureus is the most common pathogen. Streptococcus and H. influenzae are
other common pathogens.

(2) Evaluation and diagnosis

(a) History. Upper respiratory symptoms are usually present; then progress within hours or days to
severe respiratory distress.

(b) Physical examination reveals fever, barking cough, and inspiratory stridor.

(c) Laboratory examination. A lateral neck radiograph obtained to rule out epiglottitis may show irregular
tracheal margins with a blurring of the tracheal air column or a ribbon of mucosa lifting into the tracheal
lumen. Culture of tracheal secretions should be positive. Blood cultures are usually negative.

(3) Treatment

(a) Humidified oxygen in a croup tent.

(b) Antibiotics with adequate staphylococcal coverage (see Table 5-2Table 5-2).

(c) Endotracheal intubation may be required for pulmonary toilet and relief of obstruction.

B. Lower airway disease



Lower airway disease may result in impaired gas exchange in the lung caused by viral and bacterial
infections, foreign bodies, or intrinsic bronchospastic disease.

1. Acute asthma (see also Chap. 16, p. 461) is a condition in which bronchospasm, mucosal edema, and
mucous secretion and plugging contribute to significant narrowing of the large airways and subsequent
impaired gas exchange.

a. Evaluation and diagnosis

(1) The history should include age, duration, and course of the present attack; course and severity of
previous attacks; and a list of all medications (with doses) previously administered. Foreign body
aspiration and anaphylaxis should be ruled out.

(2) The physical examination should assess the adequacy of air exchange.

(a) Altered mental status is a sign of marked impairment of gas exchange.

(b) Vital signs should be measured often. Tachypnea and tachycardia are common. An abrupt decline in
respiratory rate may indicate impending respiratory failure.

(c) Measure and follow peak expiratory flow rate (PEFR), if possible.

(d) Assess the quality of breath sounds, prolongation of the expiratory phase, degree of dyspnea, and
retractions. Pallor and cyanosis may be observed in severe cases. Paradoxically, as air exchange
diminishes, audible wheezing may cease.

(e) Assess hydration.

(f) Palpate for subcutaneous emphysema in the neck and upper chest.

(3) Laboratory tests and ancillary studies should be done while starting therapy.

(a) Measurement of ABGs is particularly helpful in evaluating response to therapy in patients with severe
symptoms. Pulse oximetry confirms suspected desaturation.

(b) Spirometry, particularly PEFR and 1-second forced expiratory volume (FEV1), provides a good
indication of the state of respiratory function in children.

(c) Chest roentgenograms are useful only when the cause is in question (e.g., foreign body aspiration),
when an associated pneumonia is considered likely, or when complications such as pneumothorax or
pneu