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quick reference guide to the AAP position 
on child health care issues. 

This manual contains an AAP clinical 
practice guideline and AAP policy 
statements, clinical reports, and technical 
reports related to neonatal care.

Within this compendium, you will find the 
collected results of the AAP Committee on 
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of the high-risk neonate, to post-discharge 
follow-up of infants with congenital 
diaphragmatic hernia, is captured in  
these pages. 
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and comprehensive bibliography.
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Clinical practice guidelines have long provided physicians with evidence-based decision-making 
tools for managing common pediatric conditions. Policy statements issued by the American 
Academy of Pediatrics (AAP) are developed to provide physicians with a quick reference guide to 
the AAP position on child health care issues. We have combined these 2 authoritative resources into 
1 comprehensive manual to provide easy access to important clinical and policy information.

This manual contains an AAP clinical practice guideline, as well as AAP policy statements, clinical 
reports, and technical reports related to neonatal care.

Additional information about AAP policy can be found in a variety of professional publications such 
as Guidelines for Perinatal Care, 8th Edition; Red Book®, 31st Edition; and Red Book® Online  
(http://redbook.solutions.aap.org).
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The core mission of the American Academy of Pediatrics (AAP) is “to attain optimal physical, 
mental, and social health and well-being for all infants, children, adolescents, and young adults.” In 
order to reach these goals, the AAP advocates for the needs of children and supports the professional 
needs of its members who provide care to those children. With a commitment to evidence-based 
medicine, the AAP has established leadership entities—committee, councils, and sections—that are 
charged with providing policy, educational programming, and resources for AAP members. 

The AAP Committee on Fetus and Newborn (COFN) is one of 26 AAP committees. Its members 
include academic newborn specialists from throughout the United States, as well as liaisons from 
the AAP Section on Neonatal-Perinatal Medicine, Centers for Disease Control and Prevention, 
National Association of Neonatal Nurses, Eunice Kennedy Shriver National Institutes of Child 
Health and Development, AAP Neonatal Resuscitation Program, Canadian Paediatric Society 
Fetus and Newborn Committee, and AAP Section on Surgery. COFN also works closely with the 
American College of Obstetricians and Gynecologists (ACOG) and includes a representative from 
the ACOG Committee on Obstetric Practice. Most recently, COFN has added a representative from 
the Neonatal-Perinatal Medicine Section Training and Early Career Neonatologists Council, as an 
educational and training opportunity for early career academic neonatologists. COFN is supported 
by AAP staff, including the Director of Hospital and Surgical Services and staff from the AAP 
Advocacy and External Affairs office. 

The primary charge to COFN is the creation and revision of AAP policy statements, clinical reports, 
and technical reports. In many instances, this is done in collaboration with other AAP committees, 
councils, sections, or task forces. Oftentimes, COFN will reach out to external consultants for 
their expertise and review. Although COFN statements differ in content and purpose, they must all 
be evidence-based and formally developed. These statements and reports are intended to serve as 
clinical practice guidelines, to provide the pediatric provider with an organized, analytic framework 
for evaluating and treating common neonatal conditions. As noted in each COFN statement and 
report, they are not intended as an exclusive course of action or a standard of care. Rather, they 
represent expert review of all available data, evidence-based recommendations, and consensus where 
data may be lacking. AAP policy statements, clinical reports, and technical reports provide guidance, 
while allowing for flexibility in individual situations and encouraging sound clinical judgment. 

Within this compendium, you will find the collected results of COFN efforts for the past several 
years, in addition to select policies from other AAP groups. A wide range of perinatal topics, 
from antenatal counseling for periviable gestations, to hospital discharge of the high-risk infant, 
to post-discharge follow-up of infants with congenital diaphragmatic hernia, is captured in these 
pages. More than 40 different topics, organized into 9 sections for easy reference, are included. 
Each statement or report contains an abstract overview, a concise presentation and critique of the 
available data, and a summary of the findings and/or recommendations, along with a current and 
comprehensive bibliography. It is important to note that COFN is continually working on new 
statements and reports, and each published statement or report is revised as new information 
becomes available. 

As chairperson of COFN, I can attest to the hard work, dedication, and meticulous preparation 
that goes into each of the statements and reports presented in this compendium. As a practicing 
neonatologist, I guarantee that you will find this resource indispensable. 

   James J. Cummings, MD, MS, FAAP  
Chairperson, AAP Committee on Fetus and Newborn 
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POLICY STATEMENT

Hospital Discharge of the High-Risk
Neonate
Committee on Fetus and Newborn

ABSTRACT
This policy statement updates the guidelines on discharge of the high-risk neonate first published by the American
Academy of Pediatrics in 1998. As with the earlier document, this statement is based, insofar as possible, on
published, scientifically derived information. This updated statement incorporates new knowledge about risks and
medical care of the high-risk neonate, the timing of discharge, and planning for care after discharge. It also refers to
other American Academy of Pediatrics publications that are relevant to these issues. This statement draws on the
previous classification of high-risk infants into 4 categories: (1) the preterm infant; (2) the infant with special health
care needs or dependence on technology; (3) the infant at risk because of family issues; and (4) the infant with
anticipated early death. The issues of deciding when discharge is appropriate, defining the specific needs for follow-up
care, and the process of detailed discharge planning are addressed as they apply in general to all 4 categories; in
addition, special attention is directed to the particular issues presented by the 4 individual categories. Recommen-
dations are given to aid in deciding when discharge is appropriate and to ensure that all necessary care will be
available and well coordinated after discharge. The need for individualized planning and physician judgment is
emphasized. Pediatrics 2008;122:1119–1126

INTRODUCTION
The decision of when to discharge an infant from the hospital after a stay in the
NICU is complex.1 This decision is made primarily on the basis of the infant’s
medical status but is complicated by several factors. These factors include the
readiness of families for discharge, differing opinions about what forms of care can
be provided at home, and pressures to contain hospital costs by shortening the
length of stay. Insofar as possible, determination of the readiness for discharge
should be based on peer-reviewed scientific evidence. Shortening the length of a
hospital stay may benefit the infant and family by decreasing the period of
separation of infant and parents; moreover, the infant may benefit from shorten-
ing its exposure to the risks of hospital-acquired morbidity. However, the over-
riding concern is that infants may be placed at risk of increased mortality and
morbidity by discharge before physiologic stability is established. Infants born
preterm with low birth weight who require neonatal intensive care experience a
much higher rate of hospital readmission and death during the first year after birth
compared with healthy term infants.2–5 Careful preparation for discharge and good
follow-up after discharge may reduce these risks. It takes time for the family of a
high-risk infant to prepare to care for their infant in a home setting and to obtain
the necessary support services and mobilize community resources. With increased survival of very preterm and very
ill infants, many infants are discharged with unresolved medical issues that complicate their subsequent care. Infants
are often discharged requiring more care and closer follow-up than was typical in the past. In addition, societal and
economic forces have come to bear on the timing and process of discharge and follow-up care. As a result, health care
professionals need guidance in assessing readiness for discharge and planning for subsequent care. This policy
statement, therefore, addresses 4 broad categories of high-risk infants: (1) the preterm infant; (2) the infant with
special health care needs or dependence on technology; (3) the infant at risk because of family issues; and (4) the
infant with anticipated early death. This policy statement updates a previous guideline published by the American
Academy of Pediatrics in 1998.1

CATEGORIES OF HIGH-RISK INFANTS

The Preterm Infant
Historically, preterm infants were discharged only when they achieved a certain weight, typically 2000 g (5 lb).
However, randomized clinical trials6–8 have shown that earlier discharge is possible without adverse health effects

www.pediatrics.org/cgi/doi/10.1542/
peds.2008-2174

doi:10.1542/peds.2008-2174

All policy statements from the American
Academy of Pediatrics automatically expire
5 years after publication unless reaffirmed,
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KeyWords
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Abbreviation
SIDS—sudden infant death syndrome
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when preterm infants are discharged on the basis of
physiologic criteria rather than body weight. Although
the population characteristics, the nature and results of
the outcome measures, and the content of the early
discharge programs in these studies varied, the common
elements included:

● physiologic stability;

● an active program of parental involvement and prep-
aration for care of the infant at home;

● arrangements for health care after discharge by a phy-
sician or other health care professional who is expe-
rienced in the care of high-risk infants; and

● an organized program of tracking and surveillance to
monitor growth and development.

The 3 physiologic competencies that are generally rec-
ognized as essential before hospital discharge of the pre-
term infant are oral feeding sufficient to support appro-
priate growth, the ability to maintain normal body
temperature in a home environment, and sufficiently
mature respiratory control. These competencies are
achieved by most preterm infants between 36 and 37
weeks’ postmenstrual age,7,9 but maturation of respira-
tory control to a point that allows safe discharge may
take longer, occasionally up to 44 weeks’ postmenstrual
age.10,11 Although interrelated, not all competencies are
achieved by the same postnatal age in a given infant. The
pace of maturation is influenced by the birth weight, the
gestational age at birth, and the degree and chronicity of
neonatal illnesses. Infants born earlier in gestation and
with more complicated medical courses tend to take
longer to achieve these physiologic competencies.

Home monitors are rarely indicated for detection of
apnea solely because of immature respiratory control, in
part because infants with immature respiratory control,
in general, are still hospitalized until they are no longer
at risk of apnea of prematurity. Use of a home monitor
does not preclude the need for demonstrated maturity of
respiratory control before discharge and should not be
used to justify discharge of infants who are still at risk of
apnea. Home monitors are not indicated for prevention
of sudden infant death syndrome (SIDS) in preterm
infants,12 although preterm infants are at increased risk
of SIDS.13 Formal laboratory analyses of breathing pat-
terns (ie, “pneumograms”) are of no value in predicting
SIDS12 and are not helpful in identifying patients who
should be discharged with home monitors.

Preterm infants should be placed supine for sleep-
ing,14–17 just as term infants should, and the parents of
preterm infants should be counseled about the impor-
tance of supine sleeping in preventing SIDS. Hospitalized
preterm infants should be kept predominantly in the
supine position, at least from the postmenstrual age of
32 weeks onward, so that they become acclimated to
supine sleeping before discharge. Supine positioning for
sleep has led to an increase in positional skull deformity,
especially in preterm infants but also in term in-
fants16,18,19; although only cosmetic, these deformities
can be quite disturbing to parents. Ways of safely pre-

venting and treating deformation of the skull have been
identified and are the subject of further investiga-
tion.15,18,20

Late-preterm infants, those born between 34 and 37
weeks’ gestation, are at increased risk of having feeding
problems and hyperbilirubinemia after discharge. These
problems can be minimized but not wholly prevented by
careful discharge planning and close follow-up after dis-
charge.21

The Infant With Special Health Care Needs or Dependence on
Technology
In recent years, increasing numbers of children with
unresolved medical problems or special health care
needs have been discharged requiring some form of
supportive technology.22 For newborn infants, the main
types of technological support needed are nutritional
support and respiratory support, including supplemental
oxygen. This discussion will focus on nutritional and
respiratory support, although other forms of home tech-
nological support are sometimes needed, including in-
travenous medications, bladder catheterization, and re-
nal replacement therapy.

For most preterm infants and those with complex
medical problems, oral feeding is best learned in the
hospital under the care of expert physicians, nurses, and
feeding therapists. Gavage feeding has been used safely
in the home setting for infants who are not able to feed
well enough by breast or bottle.23–25 This practice has a
limited role and should be considered only when feeding
is the last issue requiring continued hospitalization. Not
all parents are capable of safely managing home gavage
feedings. When little or no progress is being made with
oral feeding skills and long-term tube feeding seems
inevitable, placement of a feeding gastrostomy tube pro-
vides another alternative method of feeding.26 Unless
precluded by neurologic deficits that threaten airway
defense, oral feeding should be continued along with
tube feeding so that oral feeding skills can continue to
develop. Ordinarily, gavage or gastrostomy tube feedings
are used to complement what is eaten orally to ensure
adequate total intake. Home intravenous nutritional
support is sometimes needed when enteral feeding is
not possible or is limited by short-bowel syndrome or
poor gastrointestinal function. Parenteral nutrition in
the home requires careful assessment of the caregivers
and home environment, thorough education of care-
givers, and the support of a well-qualified home-care
company.27

Home oxygen therapy for infants with bronchopul-
monary dysplasia has been used as a means of achieving
earlier hospital discharge while avoiding the risks of
growth failure and cor pulmonale resulting from mar-
ginal oxygenation.28–33 Sufficient oxygen should be de-
livered to maintain oxygen saturation at an acceptable
level during a range of activities.34–36 Infants who are
discharged on supplemental oxygen are often also dis-
charged on a cardiorespiratory monitor or pulse oxime-
ter in case the oxygen should become dislodged or the
supply depleted. Reducing or stopping supplemental ox-
ygen should be supervised by the physician or other
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health care professional and attempted only when the
infant demonstrates normal oxygen saturation, good
growth velocity, and sufficient stamina for a full range of
activity.36 Tracheostomy is sometimes required for neo-
nates with upper airway abnormalities or occasionally
for infants who cannot be weaned from assisted venti-
lation.37–40 Good parental teaching and coordinated mul-
tidisciplinary follow-up care are essential for these in-
fants. Infants who require home ventilation should also
be on a cardiorespiratory monitor in case the airway
should become obstructed, but the home ventilator
should also have a disconnect alarm to alert caregivers to
ventilator disconnection. Home ventilation requires
qualified personnel to provide bedside care; in most
cases, home-nursing support will be needed for at least
part of the day.

The Infant at Risk Because of Family Issues
Preterm birth and prolonged hospitalization are known
family stressors and risk factors for subsequent family
dysfunction and child abuse.41–43 In addition to preterm
birth and prolonged hospital stay, birth defects and dis-
abling conditions are also risk factors.44 Maternal factors
include lower educational level, lack of social support,
marital instability, and fewer prenatal care visits.41,42 In 1
study, significantly fewer family visits during the stay in
the NICU had occurred for infants in whom subsequent
maltreatment was documented.41 Parental substance
abuse is another factor that places the infant at risk, both
because of adverse effects on the developing fetus in
utero and because of possible postnatal exposure to
drugs through breastfeeding or by inhalation. Moreover,
the drug-seeking behaviors of parents may compromise
the safety of the child’s environment. Sequelae such as
attachment disturbances, behavioral and developmental
disorders, and child maltreatment have been observed
frequently among children born to substance abusers.

Identifying effective strategies to help protect the in-
fant who is at increased risk because of family reasons
has been elusive. Most interventions have focused on
multidisciplinary teams that provide follow-up monitor-
ing, including home visits.45 However, the efficacy of
these interventions has been difficult to demonstrate. At
the very least, it is hoped that an organized approach to
planning for discharge can identify infants who require
extra support or whose home environments present un-
acceptable risks.

The Infant With Anticipated Early Death
For many infants with incurable, terminal disorders, the
best place to spend the last days or weeks of life is at
home.46 In these situations, the family provides most of
the care, often with support by staff from a community
hospice organization. In rare instances, withdrawal of
assisted ventilation can occur in the home.47 In preparing
to discharge an infant for home hospice care, several
aspects must be considered in addition to the usual fac-
tors.48 These preparations include arrangements for
medical follow-up and home-nursing visits; manage-
ment of pain and other distressing symptoms; arrange-

ments for home oxygen or other equipment and sup-
plies; providing the family with information on
bereavement support for the parents, siblings, and oth-
ers; discussion of possible resources for respite of care-
givers; and assistance in addressing financial issues. If
appropriate, a letter should be provided for the family to
show to other caregivers or emergency medical workers
indicating that the child should not be resuscitated. The
focus of planning efforts should be to enhance the qual-
ity of the infant’s remaining life for the benefit of both
the infant and his or her family.

TIMING OF DISCHARGE
The appropriate time for discharge is when the infant
demonstrates the necessary physiologic maturity (in the
case of the preterm infant), discharge planning and ar-
rangements for follow-up and any home care have been
completed, and the parents have received the necessary
teaching and have demonstrated their mastery of the
essential knowledge and skills. In selected cases, an in-
fant may be discharged before one of the infant’s phys-
iologic competencies has been met, provided the health
care team and the parents agree that this is appropriate
and suitable plans have been made to provide additional
support needed to ensure safe care at home, such as tube
feeding, cardiorespiratory monitoring, or home oxygen.
The standard, default criterion remains that the infant
should be sufficiently mature to need no such assistance
at home. The decision to facilitate earlier discharge by
providing such additional support should be made only
as a mutual decision by the health care team and the
parents.

Before discharge, the eyes of qualifying infants should
be examined at specified times by an ophthalmologist
with expertise in the diagnosis of retinopathy of prema-
turity.49 The infant’s hearing should be evaluated50,51; the
results of the newborn metabolic screen should be re-
viewed52; appropriate immunizations should be given, if
not given previously; and palivizumab should be given
to qualifying infants during respiratory syncytial virus
season.53,54

Sometimes infants are transferred to a hospital closer
to home so that the family may visit more easily. This is
appropriate provided appropriate medical care is avail-
able in the receiving hospital, including capabilities for
ophthalmologic examinations to screen for retinopathy
of prematurity and the experience and resources for
planning discharge and follow-up care.

DISCHARGE PLANNING
High-risk infants should receive primary medical care
from a physician with expertise in the care of patients
who have spent time in the NICU, often in partnership
with 1 or more specialized clinics in the discharging
medical center. To ensure continuity of care after dis-
charge, infants with unresolved medical issues that per-
sist after their hospital stay, such as bronchopulmonary
dysplasia or feeding dysfunction, should be comanaged
by a neonatologist or other medical subspecialist from
the hospital at which most of the care was provided. The
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subspecialist provides consultation to the primary phy-
sician about issues such as the weaning and discontinu-
ation of supplemental oxygen. Most high-risk infants
should also be enrolled in a follow-up clinic that special-
izes in the neurodevelopmental assessment of high-risk
infants. This neurodevelopmental follow-up is some-
times integrated with the child’s visits to the neonatol-
ogist. Standardized assessments should be performed in
the follow-up clinic at specific ages through early child-
hood.55–57

The care of each high-risk neonate after discharge
must be coordinated carefully to provide ongoing mul-
tidisciplinary support of the family. The discharge-plan-
ning team should include parents, the neonatologist,
neonatal nurses and nurse practitioners, and the social
worker. Other professionals, such as surgical specialists
and pediatric medical subspecialists, respiratory, physi-
cal, occupational, and speech therapists, infant educa-
tors, nutritionists, home-health care company staff, and
others may be included as needed.

Discharge planning should begin early in the hospital
course. The goal of the discharge plan is to ensure suc-
cessful transition to home care. Essential discharge cri-
teria are a physiologically stable infant, a family who can
provide the necessary care with appropriate support ser-
vices in the community, and a primary care physician
who is prepared to assume the responsibility with ap-
propriate backup from specialist physicians and other
professionals as needed.55,56 Six critical components must
be included in discharge planning.

1. Parental Education
Parental contact and involvement in the care of the
infant should be encouraged from the time of admission.
The participation of the parents in whatever way possi-
ble from the beginning has a positive effect on their
confidence in handling the infant and readiness to as-
sume full responsibility for the infant’s care at home.

The development of an individualized teaching plan
helps parents to acquire the skills and judgment needed
to care for their infant. A written checklist or outline of
the specific areas and tasks to be mastered increases the
likelihood that parents and other caregivers will receive
complete instructions and experience. Caregivers and
parents must understand that the infant’s immaturity
and medical status will require increased care and vigi-
lance at home beyond that of the usual parental role.
Thus, ample time for teaching the parents and caregivers
the techniques and the rationale for each item in the
care plan is essential. Requesting return demonstrations
by the parents of their new knowledge, parent rooming-
in, and telephone follow-up by hospital staff all facilitate
parental education and adaptation to their infant’s care.
Although it is important for the parents to understand
that their child may need extra care and surveillance, the
infant’s fragility should not be overstated. If this occurs,
the parents may become excessively protective, which
can restrict the child’s social development and lead to
behavior problems.58 Parents should be coached in com-
municating about the infant with any older siblings, who
may not fully understand the infant’s condition and may

even imagine themselves to be responsible for the vul-
nerable state of their younger brother or sister.

Insofar as possible, at least 2 responsible caregivers
should be identified and learn the necessary care for
each infant. The demands of home care can be physically
and emotionally draining, especially at first, for infants
who require frequent feeding. Young mothers who do
not live with a parent or the father of the infant have
been shown to be especially vulnerable to the strains of
home care. Even in a 2-parent family, the primary care-
giver may become ill and need relief.

2. Completion of Appropriate Elements of Primary Care in the
Hospital
Preparing the infant for transition to primary care begins
early in the hospitalization with administration of im-
munizations at the recommended postnatal ages, regard-
less of prematurity or medical condition,59 completion of
metabolic screening,52 assessment of hearing by an ac-
ceptable electronic measurement,50,51 and baseline neu-
rodevelopmental and neurobehavioral assessment. For
infants at risk, appropriate funduscopic examination for
retinopathy of prematurity should be performed by an
ophthalmologist who is skilled in the evaluation of the
retina of the preterm infant.49 Assessment of hemato-
logic status is recommended for all infants because of the
high prevalence of anemia after neonatal intensive care.
Very preterm infants and those who have received par-
enteral nutrition for prolonged periods may be at risk of
hypoproteinemia, vitamin deficiencies, and bone miner-
alization abnormalities; therefore, evaluation for nutri-
tional or metabolic deficiencies may be indicated. When
discharge is near, the high-risk infant should be evalu-
ated to ensure physiologic stability in an appropriate car
seat or car bed.60–62

3. Development of Management Plan for Unresolved Medical
Problems
Review of the hospital course and the active problem list
of each infant and careful physical assessment will reveal
any unresolved medical issues and areas of physiologic
function that have not reached full maturation. From
such a review, the diagnostic studies required to docu-
ment the current clinical status of the infant can be
identified and management can be continued or ad-
justed as appropriate. The intent should be to ensure
implementation of appropriate home-care and fol-
low-up plans.

4. Development of the Comprehensive Home-Care Plan
Although the content of the home-care plan may vary
with the infant’s diagnoses and medical status, the com-
mon elements include (1) identification and preparation
of the in-home caregivers, (2) formulation of a plan for
nutritional care and administration of any required med-
ications, (3) development of a list of required equipment
and supplies and accessible sources, (4) identification
and mobilization of the primary care physician, the nec-
essary and qualified home-care personnel and commu-
nity support services, (5) assessment of the adequacy of
the physical facilities within the home, (6) development
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of an emergency care and transport plan, and (7) assess-
ment of available financial resources to ensure the ca-
pability to finance home-care costs. The input of the
primary care physician in formulating the home-care
plan of the technology-dependent infant is essential.
Many infants, particularly extremely preterm and tech-
nology-dependent infants, require continued care by
multiple specialists and subspecialists, who should be
included in the predischarge assessment and discharge
planning.

5. Identification and Involvement of Support Services
The infant’s optimal outcome ultimately depends on
the capacity and effort of the family. The psychologi-
cal, social, economic, and educational condition and
needs of the family should be addressed from the
beginning of the infant’s hospitalization, noting
strengths that can support the infant’s continued ad-
aptation, growth, and development and any risk fac-
tors that may contribute to an adverse infant outcome.
The availability of social support is essential for the
success of every parent’s adaptation to the home care
of a high-risk infant. Before discharge and periodically
thereafter, a review of the family’s needs, coping
skills, use of available resources, financial problems,
and progress toward goals in the home care of their
infant should be evaluated. After the social support
needs of the family have been identified, an appropri-
ate, individualized intervention plan using available
community programs, surveillance, or alternative care
placement of the child may be implemented.

6. Determination and Designation of Follow-Up Care
In general, the attending neonatologist or other dis-
charging physician has the responsibility for coordina-
tion of follow-up care, although in some institutions this
responsibility may be delegated to another professional.
A primary care physician (or “medical home”) should be
identified well before discharge to facilitate the coordi-
nation of follow-up care planning between the staff re-
sponsible for planning the discharge and the primary
health care professionals. Pertinent information about
the nursery course, including a discharge summary, and
the home-care plan should be given to the primary care
physician before the infant’s discharge. In specialty cen-
ter units, the primary care attending physician should
work with the neonatologist in coordinating the dis-
charge planning.

Arrangements for an initial appointment with the
primary care physician should be made before discharge.
Specific follow-up appointments with each involved sur-
gical specialist and pediatric medical subspecialist should
be made, giving attention to grouping the appointments
as much as possible for the convenience of the family. A
plan should be developed and discussed for emergency
care and transportation to a hospital, should it be nec-
essary.

Periodic evaluation of the developmental progress
of every infant is essential for identifying deviations in
neurodevelopmental progress at the earliest possible
point, thereby facilitating entry into early interven-

tion programs. The primary care physician with ap-
propriate skills, the pediatric medical subspecialist, or
clinic personnel may provide longitudinal develop-
mental follow-up. When need for input from multiple
disciplines is identified before discharge, a clinic that
provides multidisciplinary care, usually in an aca-
demic or tertiary center, may be the least cumbersome
option for the family.

SPECIAL CONSIDERATIONS
Many infants are transported to hospitals nearer to their
family homes for convalescent care. In these hospitals,
the discharge-planning process should follow the same
principles as those outlined previously in this statement
for an infant being discharged from a subspecialty cen-
ter. It is especially important that periodic examination
by a qualified ophthalmologist be available for infants
who still require evaluation for retinopathy of prematu-
rity.

In caring for the discharged high-risk infant, use of
community resources, both public and private, should be
encouraged. The goal should be to provide coordinated
care and family support. Efficient teamwork by health
care professionals is imperative. Home-nursing visits are
often indicated. When this is so, it is important to use
experienced nurses who are qualified to perform the
required assessments. When choosing a home-care com-
pany or agency for technology-dependent infants, it is
essential that previous performance and existing quality-
control programs be considered.

RECOMMENDATIONS
The following recommendations are offered as a frame-
work for guiding decisions about the timing of discharge.
It is prudent for each institution to establish guidelines
that ensure a consistent approach yet allow some flexi-
bility on the basis of physician and family judgment. It is
of foremost importance that the infant, family, and com-
munity be prepared for the infant to be safely cared for
outside the hospital.

Infant Readiness for Hospital Discharge
The infant is considered ready for discharge if, in the
judgment of the responsible physician, the following
have been accomplished:

● A sustained pattern of weight gain of sufficient dura-
tion has been demonstrated.

● The infant has demonstrated adequate maintenance of
normal body temperature fully clothed in an open bed
with normal ambient temperature (20–25°C).

● The infant has established competent feeding by breast
or bottle without cardiorespiratory compromise.

● Physiologically mature and stable cardiorespiratory
function has been documented for a sufficient dura-
tion.

● Appropriate immunizations have been administered.

● Appropriate metabolic screening has been performed.
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● Hematologic status has been assessed and appropriate
therapy has been instituted, if indicated.

● Nutritional risks have been assessed and therapy and
dietary modification has been instituted, if indicated.

● Hearing evaluation has been completed.

● Funduscopic examinations have been completed, as
indicated.

● Neurodevelopmental and neurobehavioral status has
been assessed and demonstrated to the parents.

● Car seat evaluation has been completed.

● Review of the hospital course has been completed,
unresolved medical problems have been identified,
and plans for follow-up monitoring and treatment
have been instituted.

● An individualized home-care plan has been developed
with input from all appropriate disciplines.

Family and Home Environmental Readiness
Assessment of the family’s caregiving capabilities, re-
source availability, and home physical facilities has been
completed as follows:

● identification of at least 2 family caregivers and assess-
ment of their ability, availability, and commitment;

● psychosocial assessment for parenting strengths and
risks;

● a home environmental assessment that may include
on-site evaluation; and

● review of available financial resources and identifica-
tion of adequate financial support.

In preparation for home care of the technology-depen-
dent infant, it is essential to complete an assessment
documenting availability of 24-hour telephone access,
electricity, safe in-house water supply, and adequate
heating. Detailed financial assessment and planning are
also essential. Parents and caregivers should have dem-
onstrated the necessary capabilities to provide all com-
ponents of care, including:

● feeding, whether by breast, bottle, or an alternative
technique, including formula preparation, if required;

● basic infant care, including bathing; skin, cord, and
genital care; temperature measurement; dressing; and
comforting;

● infant cardiopulmonary resuscitation and emergency
intervention;

● assessment of clinical status, including understanding
and detection of the general early signs and symptoms
of illness as well as the signs and symptoms specific to
the infant’s condition;

● infant safety precautions, including proper infant
positioning during sleep and proper use of car seats
or car bed;

● specific safety precautions for the artificial airway, if
any; feeding tube; intestinal stoma; infusion pump;

and other mechanical and prosthetic devices, as indi-
cated;

● administration of medications, specifically proper stor-
age, dosage, timing, and administration and recogni-
tion of potential signs of toxicity;

● equipment operation, maintenance, and problem
solving for each mechanical support device re-
quired; and

● the appropriate technique for each special care pro-
cedure required, including special dressings for in-
fusion entry site, intestinal stoma, or healing
wounds; maintenance of an artificial airway; oro-
pharyngeal and tracheal suctioning; and physical
therapy, as indicated.

Specific modification of home facilities must have been
completed if needed to accommodate home-care sys-
tems. Plans must be in place for responding to loss of
electrical power, heat, or water and for emergency relo-
cation mandated by natural disaster.

Community and Health Care System Readiness
An emergency intervention and transportation plan
have been developed and emergency medical services
providers have been identified and notified, if indi-
cated.

Follow-up care needs have been determined, ap-
propriate providers have been identified, and appro-
priate information has been exchanged, including the
following:

● A primary care physician has been identified and has
accepted responsibility for care of the infant.

● Surgical specialty and pediatric medical subspecialty
follow-up care requirements have been identified and
appropriate arrangements have been made.

● Neurodevelopmental follow-up requirements have
been identified and appropriate referrals have been
made.

● Home-nursing visits for assessment and parent sup-
port have been arranged, as indicated by the complex-
ity of the infant’s clinical status and family capability,
and the home-care plan has been transmitted to the
home health agency.

● For breastfeeding mothers, information on breastfeed-
ing support and availability of lactation counselors has
been provided.

The determination of readiness for care at home of an
infant after neonatal intensive care is complex. Careful
balancing of infant safety and well-being with family
needs and capabilities is required while giving consider-
ation to the availability and adequacy of community
resources and support services. The final decision for
discharge, which is the responsibility of the attending
physician, must be tailored to the unique constellation of
issues posed by each infant’s situation.
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POLICY STATEMENT Organizational Principles to Guide and Define the Child Health
Care System and/or Improve the Health of all Children

Hospital Stay for Healthy Term
Newborn Infants
William E. Benitz, MD, FAAP, COMMITTEE ON FETUS AND NEWBORN

abstract The hospital stay of the mother and her healthy term newborn infant should be
long enough to allow identification of problems and to ensure that the mother
is sufficiently recovered and prepared to care for herself and her newborn at
home. The length of stay should be based on the unique characteristics of each
mother-infant dyad, including the health of the mother, the health and stability
of the newborn, the ability and confidence of the mother to care for herself
and her newborn, the adequacy of support systems at home, and access to
appropriate follow-up care in a medical home. Input from the mother and her
obstetrical care provider should be considered before a decision to discharge
a newborn is made, and all efforts should be made to keep a mother and her
newborn together to ensure simultaneous discharge.

PURPOSE

The purpose of this policy statement is to review issues related to length
of stay and readmission of healthy term newborns and to identify specific
criteria that should be met to ensure that discharge and subsequent
follow-up are appropriate.

BACKGROUND

The hospital stay of the mother and her healthy term newborn infant
(mother-infant dyad) should be long enough to allow identification of
problems and to ensure that the mother is sufficiently recovered and
prepared to care for herself and her newborn at home. Many neonatal
cardiopulmonary problems related to the transition from the intrauterine
to the extrauterine environment usually become apparent during the first
12 hours after birth.1 Other neonatal problems, such as jaundice,2,3

ductal-dependent cardiac lesions,4,5 and gastrointestinal obstruction,6

may require a longer period of observation by skilled health care
professionals.7 Likewise, significant maternal complications, such as
endometritis, may not become apparent during the first day after delivery.

The average length of stay of the mother-infant dyad after delivery
declined steadily from 1970 until the mid-1990s.8 Early newborn
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discharge was implemented in the
1990s, but in response to the ensuing
debate on the care and safety of
mothers and their infants, most states
and the US Congress enacted legisla-
tion that ensured hospital stay for
up to 48 hours for a vaginal delivery
and up to 96 hours after birth by
cesarean delivery. Several subsequent
studies have reported that the post-
partum length-of-stay legislation has
led to an increase in postpartum
length of stay, but the impact of this
increase in length of stay on the rate
of neonatal readmissions has been
inconsistent.8–11

Risk of Readmission

Criteria for newborn discharge
include physiologic stability, family
preparedness and competence to
provide newborn care at home,
availability of social support, and
access to the health care system and
resources. An inadequate assessment
by health care providers in any of
these areas before discharge can
place an infant at risk and may result
in readmission. In several large
epidemiologic studies, readmission
rates were used to assess the
adequacy of the newborn hospital
length of stay. In these reports,
readmissions after an early discharge
varied from no increase to
a significant increase.8,12–15 However,
the differences in the definition of
early discharge, postdischarge follow-
up and support, and the timing of
readmissions make it difficult to
compare the results. In some of
these studies, the risk factors for
readmission to identify infants who
may benefit from either a longer
hospital stay or close postdischarge
follow-up also were evaluated.
These studies identified jaundice,
dehydration, and feeding difficulties
as the most common reasons for
readmission.16,17 Other frequently
reported risk factors for readmission
were Asian race, primiparity,
associated maternal morbidities,
shorter gestation or lower birth
weight, instrumented vaginal

delivery, and small size for gestational
age.13,15–18 Close follow-up and
better coordination of postdischarge
care were important factors in
decreasing the readmission rates.13,17

Readiness for Discharge

Readiness for discharge of a healthy
term infant is traditionally
determined by pediatric care
providers after a review of the
mother’s and family members’ ability
to provide care to a newborn infant at
home. However, perceptions about
the degree of readiness at the time of
discharge often differ among
pediatric care providers, obstetrical
care providers, and mothers.18

Factors associated with perceived
unreadiness for maternal or neonatal
discharge, primarily as reported by
mothers themselves, include first live
birth, maternal history of chronic
disease or illness after birth, in-
hospital neonatal illness, intent to
breastfeed, mothers with inadequate
prenatal care and poor social support,
and black non-Hispanic maternal
race.13,18 Although no specific clinical
tool is currently available to evaluate
mothers’ or families’ perception of
readiness for discharge after delivery,
the American Academy of Pediatrics
Safe and Healthy Beginnings toolkit
contains a discharge-readiness
checklist that can aid clinicians with
preparation of a newborn for discharge.
This tool was tested by 22 clinical
practice teams during the Safe and
Healthy Beginnings improvement
project and focuses on risk for severe
hyperbilirubinemia, availability of
breastfeeding support, and
coordination of newborn care.19

All efforts should be made to keep
mothers and infants together to
promote simultaneous discharge.
To accomplish this, a pediatric care
provider’s decision to discharge
a newborn should be made jointly with
input from the mother, her obstetrical
care provider, and other health care
providers, such as nursing staff and
social workers, who are involved in the
care of the mother and her infant.

RECOMMENDATIONS

The length of stay of a healthy term
newborn should be based on the
unique characteristics of each
mother-infant dyad, including the
health of the mother, the health and
stability of the infant, the ability and
confidence of the mother to care for
her infant, the adequacy of support
systems at home, and access to
appropriate follow-up care. Input
from the mother and her obstetrical
care provider and nursing staff
should be considered before
a decision to discharge a newborn
is made, and all efforts should be
made to keep a mother and her
newborn together to encourage
on-demand breastfeeding and to
ensure simultaneous discharge. It is
recommended that the following
minimum criteria be met before
discharge of a term newborn, defined
as an infant born between 37-0/7
and 41-6/7 weeks of gestation20 after
an uncomplicated pregnancy, labor,
and delivery.

1. Clinical course and physical ex-
amination reveal no abnormali-
ties that require continued
hospitalization.

2. The infant’s vital signs are docu-
mented as being within normal
ranges, with appropriate varia-
tions based on physiologic state,
and stable for the 12 hours pre-
ceding discharge. These ranges
include an axillary temperature
of 36.5°C to 37.4°C (97.7–99.3°F,
measured properly in an open
crib with appropriate clothing),21

a respiratory rate below 60 per
minute22 and no other signs of
respiratory distress, and an
awake heart rate of 100 to 190
beats per minute.23 Heart rates
as low as 70 beats per minute
while sleeping quietly, without
signs of circulatory compromise
and responding appropriately to
activity, also are acceptable. Sus-
tained heart rates near or above
the upper end of this range may
require further evaluation.
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3. The infant has urinated regularly
and passed at least 1 stool
spontaneously.

4. The infant has completed at least
2 successful feedings. If the infant
is breastfeeding, a caregiver
knowledgeable in breastfeeding,
latch, swallowing, and infant
satiety should observe an actual
feeding and document successful
performance of these tasks in the
medical record.24 If the infant is
bottle-feeding, it is documented
that the newborn is able to
coordinate sucking, swallowing,
and breathing while feeding.

5. There is no evidence of excessive
bleeding at the circumcision site
for at least 2 hours.

6. The clinical significance of jaun-
dice, if present before discharge,
has been determined, and
appropriate management and/or
follow-up plans have been
instituted as recommended in
American Academy of Pediatrics
clinical practice guidelines for
management of
hyperbilirubinemia.2

7. The infant has been adequately
evaluated and monitored for
sepsis on the basis of maternal
risk factors and in accordance
with current guidelines for
management of neonates with
suspected or proven early-onset
sepsis.25

8. Maternal and infant laboratory
tests are available and have been
reviewed, including the
following:
• maternal syphilis, hepatitis B
surface antigen, and HIV sta-
tus; and

• umbilical cord or newborn
blood type and direct Coombs
test result, if clinically
indicated.2

9. Initial hepatitis B vaccine has
been administered as indicated
by the infant’s risk status and
according to the current
immunization schedule.26

10. If the mother has not previously
been vaccinated, she should
receive tetanus toxoid, reduced
diphtheria toxoid, and acellular
pertussis, adsorbed (Tdap) vac-
cine immediately after the infant
is born. Other adolescents and
adults who will have or antici-
pate having close contact with
the infant should be encouraged
to receive a single dose of Tdap if
they have not previously received
Tdap.27 If a mother who delivers
during the flu season has not
been previously immunized, she
also should receive an influenza
vaccination.28

11. Newborn metabolic,29

hearing,30,31 and pulse
oximetry32–34 screenings have
been completed per hospital
protocol and state regulations. If
screening metabolic tests were
performed before 24 hours of
milk feeding, a system for re-
peating the test during the
follow-up visit must be in place
in accordance with local or state
policy.

12. The mother’s knowledge, ability,
and confidence to provide ade-
quate care for her infant are
documented by the fact that
training and information has
been received in the following
areas:
• the importance and benefits of
breastfeeding for both mother
and infant;

• appropriate urination and
stooling frequency for the
infant;

• umbilical cord, skin, and new-
born genital care, as well as
temperature assessment and
measurement with
a thermometer;

• signs of illness and common
infant problems, particularly
jaundice;

• infant safety, such as use of an
appropriate car safety seat,
supine positioning for sleeping,

maintaining a smoke-free en-
vironment, and sleeping in
proximity but not bed-
sharing35,36; and

• hand hygiene, especially as
a way to reduce infection.

13. A car safety seat appropriate for
the infant’s maturity and medical
condition that meets Federal
Motor Vehicle Safety Standard
213 has been obtained and is
available before hospital dis-
charge, and the mother has
demonstrated to trained hospital
personnel appropriate infant po-
sitioning and use.

14. Family members or other sup-
port persons, including health
care providers who are familiar
with newborn care and are
knowledgeable about lactation
and the recognition of jaundice
and dehydration, are available to
the mother and infant after
discharge.

15. A physician-directed source of
continuing health care (medical
home) for the mother and infant
has been identified. Instructions
to follow in the event of a com-
plication or emergency have been
provided. The mother should
know how to reach the medical
home and should have scheduled
the infant’s first visit, if possible,
or know how to do so.

16. Family, environmental, and social
risk factors have been assessed,
and the mother and her other
family members have been
educated about safe home envi-
ronment. When the following or
other risk factors are present,
discharge should be delayed until
they are resolved or a plan to
safeguard the newborn is in
place. This plan may involve dis-
cussions with social services
and/or state agencies, such as
child protective services. These
risk factors may include, but are
not limited to the following:
• untreated parental use of illicit
substances or positive urine
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toxicology results in the
mother or newborn consistent
with maternal abuse or misuse
of drugs;

• history of child abuse or
neglect by any anticipated care
provider;

• mental illness in a parent or
another person in the home;

• lack of social support,
particularly for single, first-
time mothers;

• no fixed home;

• history of domestic violence,
particularly during this
pregnancy;

• adolescent mother, particularly
if other previously listed
conditions apply; or

• barriers to adequate follow-up
care for the newborn, such as
lack of transportation to
medical care services, lack of
easy access to telephone com-
munication, and non–English-
speaking parents.

17. For newborns discharged before
48 hours after delivery, an ap-
pointment should be made for
the infant to be examined by
a health care practitioner within
48 hours of discharge.10,12,16,37,38

If this cannot be ensured, dis-
charge should be deferred until
a mechanism for follow-up is
identified. The follow-up visit can
take place in a home, clinic, or
hospital outpatient setting as
long as the health care pro-
fessional who examines the in-
fant is competent in newborn
assessment and the results of the
follow-up visit are reported to
the infant’s primary care pro-
vider or his or her designee on
the day of the visit. The purpose
of the follow-up visit is to
• promote establishment of a re-
lationship with the medical
home by verifying the plan for
health care maintenance, in-
cluding a method for obtaining
emergency services, preventive

care and immunizations, peri-
odic evaluations and physical
examinations, and necessary
screenings;

• weigh the infant and assess the
infant’s general health, hydra-
tion, and degree of jaundice,
and identify any new
problems;

• review feeding patterns and
technique, and encourage and
support breastfeeding by ob-
servation of the adequacy of
position, latch, and swallowing;

• obtain historical evidence of
adequate stool and urine
patterns;

• provide or make a referral for
lactation support if the fore-
going evaluations are not
reassuring;

• assess quality of mother-infant
attachment and details of in-
fant behavior;

• reinforce maternal or family
education in infant care, par-
ticularly regarding feeding and
sleep position, avoidance of co-
sleeping, and appropriate use
of car safety seats, which
should be used only for travel
and not for positioning in the
home;

• review results of outstanding
laboratory tests, such as new-
born metabolic screens, per-
formed before discharge;

• perform screenings in accor-
dance with state regulations
and other tests that are clini-
cally indicated, such as serum
bilirubin; and

• assess for parental well-being
with focus on screening for
maternal postpartum
depression.

CONCLUSIONS

The timing of discharge from the
hospital should be the decision of
the health care provider caring for the
mother and her newborn. This

decision should be made in
consultation with the family and
should not be based on arbitrary
policies established by third-party
payers. A shortened hospital stay
(less than 48 hours after delivery) for
healthy, term newborns can be
accommodated but is not appropriate
for every mother and newborn. If
possible, institutions are encouraged
to develop processes to prevent the
necessity for early discharge of
uninsured or underinsured newborn
infants for purely financial reasons,
however. Institutions should develop
guidelines through their professional
staff in collaboration with appropriate
community agencies, including third-
party payers, to establish hospital-stay
programs for mothers and their
healthy newborns. State and local
public health agencies also should be
involved in the oversight of existing
hospital-stay programs for quality
assurance and monitoring. Obstetrical
care, newborn nursery care, and
follow-up care should be considered
independent services to be paid as
separate packages and not as part of
a global fee for maternity-newborn
labor and delivery services. Adoption
of standardized processes, such as
predischarge checklists, may facilitate
more uniform implementation of these
recommendations across the full
spectrum of health care settings where
care for newborn infants is provided.
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CLINICAL REPORT

Immersion in Water During Labor and Delivery

abstract
Immersion in water has been suggested as a beneficial alternative for
labor, delivery, or both and over the past decades has gained popu-
larity in many parts of the world. Immersion in water during the first
stage of labor may be associated with decreased pain or use of anes-
thesia and decreased duration of labor. However, there is no evidence
that immersion in water during the first stage of labor otherwise
improves perinatal outcomes, and it should not prevent or inhibit other
elements of care. The safety and efficacy of immersion in water during
the second stage of labor have not been established, and immersion in
water during the second stage of labor has not been associated with
maternal or fetal benefit. Given these facts and case reports of rare
but serious adverse effects in the newborn, the practice of immersion
in the second stage of labor (underwater delivery) should be considered
an experimental procedure that only should be performed within the
context of an appropriately designed clinical trial with informed consent.
Facilities that plan to offer immersion in the first stage of labor need to
establish rigorous protocols for candidate selection, maintenance and
cleaning of tubs and immersion pools, infection control procedures,
monitoring of mothers and fetuses at appropriate intervals while im-
mersed, and immediately and safely moving women out of the tubs
if maternal or fetal concerns develop. Pediatrics 2014;133:758–761

INTRODUCTION

Immersion in water has been suggested as a beneficial alternative for
labor, delivery, or both and over the past decades has gained popu-
larity in many parts of world.1–4 Approximately 1% of births in the
United Kingdom include at least a period of immersion,5 and a 2006
joint statement from the Royal College of Obstetricians and Gyn-
aecologists and Royal College of Midwives supported immersion in
water during labor for healthy women with uncomplicated pregnan-
cies and stated that to achieve best practice with water birth, it is
necessary for organizations to provide systems and structure to
support this service.6 The prevalence of this practice in the United
States is unknown, because such data are not collected as part of
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Outcomes indicating safety or risk
in association with immersion at 1
stage may not translate into equiva-
lent outcomes at a different stage of
labor; specifically, safety during labor
may not translate into safety during
delivery. In addition to this important
limitation, immersion therapies have
varied between studies in the duration
of immersion, the depth of the bath or
pool, the temperature of the water,
and whether or not agitation (jets or
whirlpool) was used. In considering
the evaluation of outcomes, it is im-
portant to note that health care pro-
viders involved in providing or studying
immersion therapy are not masked to
either the treatment or outcomes, and
especially in nonrandomized studies,
outcomes may be influenced by differ-
ences in the environment attending a
particular choice of delivery. Finally,
most trials of immersion therapy are
small, which limits their power to detect
rare outcomes.

Randomized controlled trials (RCTs)
would be ideal to address many of the
aforementioned concerns. A 2009
Cochrane review identified 12 relevant
and appropriately designed RCTs of
immersion during labor, which in-
volved 3243 women. Nine of these
trials involved immersion during the
first stage of labor alone (1 of 9 trials
compared early versus later immer-
sion during the first stage), 2 trials
involved first stage and second stage
of labor, and 1 trial involved comparing
only the second stage of labor with the
controls. Even among these RCTs,
however, some of the aforementioned
limitations remain, including concerns
about power and how the absence of
blinding might affect definition of
outcomes. The systematic review also
noted that most trials have small
sample sizes and, thus, a high risk of
bias. These factors limit comparison
across trials and the reliability and
validity of the trial findings.5

PROPOSED BENEFITS FROM
IMMERSION DURING LABOR AND
DELIVERY

There have been claims concerning the
positive effects of immersion during
labor.12–14 Immersion is known to af-
fect maternal cardiovascular physiol-
ogy as hydrostatic pressure promotes
increased venous return and mobiliza-
tion of extravascular fluid and edema.15,16

In part as a result of these effects,
proponents of underwater immersion
during labor and delivery argue that
there are a variety of benefits to such
treatment, including a decrease in
perinatal pain, a greater sense of well-
being and control, and a decreased
rate of perineal trauma. Some advo-
cates argue that immersion during
labor and delivery decreases mater-
nal stress and stress-associated hor-
mone levels. It could also potentially
benefit the newborn infant with a
gentler transition from the in utero to
ex utero environment.1–7

Individual retrospective analyses and
case series argue in support of 1 or
more of the benefits listed previously,
but among RCTs studying immersion in
the first stage of labor that were in-
cluded in the 2009 Cochrane system-
atic review,5 results were inconsistent.
Although many individual RCTs reported
no benefit, the combined data indica-
ted that immersion during the first
stage of labor was associated with
decreased use of epidural, spinal, or
paracervical analgesia among those
allocated to water immersion com-
pared with controls (478/1254 vs 529/
1245; risk ratio [RR] 0.90; 95% con-
fidence interval [CI], 0.82 to 0.99;
6 trials). There was a reduction in
duration of the first stage of labor
(mean difference –32.4 minutes; 95%
CI, –58.7 to –6.13). However, consider-
ing each of these effects (particularly
the latter), it is difficult to know how
factors other than immersion, such as
the structure of care (including health

vital statistics. A 2001 survey found 
that at least 143 US birthing centers 
offered immersion in water during 
labor, delivery, or both.7 A 2005 com-
mentary by the Committee on Fetus 
and Newborn of the American Acad-
emy of Pediatrics did not endorse 
underwater birth.8 This clinical report 
reviews the literature concerning the 
reported risks and benefits of im-
mersion in water during labor and 
delivery.

EVIDENCE REGARDING IMMERSION 
IN WATER DURING LABOR AND 
DELIVERY

Before examining available evidence 
concerning immersion during child-
birth, it is important to recognize the 
limitations of studies and evidence 
in this area. Most published articles that 
recommend underwater births are re-
trospective reviews of a single center 
experience, observational studies using 
historical controls, or personal opinions 
and testimonials, often in publications 
that are not peer reviewed.1–3,9–11 Also of 
importance, there are no basic science 
studies in animals or humans to con-
firm the physiologic mechanisms pro-
posed to underlie the reported benefits 
of underwater births.
Other issues, in addition to the nature 
and design of studies, complicate the 
interpretation of the published find-
ings, including the absence of a uni-
form definition of the exposure itself. 
Often, immersion is referred to as 
“underwater birth,” but effects and 
outcomes may be different for im-
mersion during the first stage and 
second stage of labor. This clinical 
report, accordingly, avoids the term 
underwater birth and makes an effort 
to distinguish data and outcomes re-
lated separately to immersion in the 
first stage and second stage of labor. 
Not all studies, however, distinguish 
when in the course of labor and de-
livery immersion was undertaken.
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care providers and timing and frequency
of examinations) affected outcome. Fur-
thermore, there were no differences in
perineal trauma or tears (RR, 1.16; 95%
CI, 0.99 to 1.35; 5 trials) or need for ei-
ther assisted vaginal deliveries (RR, 0.86;
95% CI, 0.71 to 1.05; 7 trials) or cesarean
delivery (RR, 1.21; 95% CI, 0.87 to 1.65; 8
trials) between those allocated to the
immersion and control arms in the
meta-analysis results.

Among the 2 trials that reported out-
comes from immersion in the second
stage of labor included in this sys-
tematic review,5 the only difference in
maternal outcomes from immersion
during the second stage was an im-
provement in satisfaction among those
allocated to immersion in 1 trial. None
of the individual trials or the Cochrane
systematic review5 has reported any
benefit to the newborn infant from
maternal immersion during labor or
delivery.

REPORTED COMPLICATIONS FROM
IMMERSION DURING LABOR AND
DELIVERY

Individual case reports and case se-
ries have noted complications for the
mother and the neonate17–25 that
highlight potential risks from immer-
sion during labor and delivery. Because
the denominators are not uniformly
reported, the exact incidence of com-
plications is difficult to assess. Some of
the reported concerns include higher
risk of maternal and neonatal in-
fections, particularly with ruptured
membranes; difficulties in neonatal
thermoregulation; umbilical cord avul-
sion and umbilical cord rupture while
the newborn infant is lifted or maneu-
vered through and from the underwater
pool at delivery, which leads to serious
hemorrhage and shock; respiratory
distress and hyponatremia that results
from tub-water aspiration (drowning
or near drowning); and seizures and
perinatal asphyxia.23

Among this list of complications, given
its potential seriousness, the possi-
bility of a neonate aspirating water
during birth while immersed has been
the focus of understandable concern.
Alerdice et al26 summarized case re-
ports of adverse neonatal outcomes,
including drownings and near drownings.
The case reports included immersion
births in hospitals and at home.
Subsequently, a study by Byard and
Zuccollo reported 4 cases of severe
respiratory distress in neonates after
water birth, 1 of whom died of over-
whelming sepsis from Pseudomonas
aeruginosa.19 Although it has been
claimed that neonates delivered into
the water do not breathe, gasp, or
swallow water because of the pro-
tective “diving reflex,” studies in ex-
perimental animals and a vast body of
literature from meconium aspiration
syndrome demonstrate that, in com-
promised fetuses and neonates, the
diving reflex is overridden,27,28 which
leads potentially to gasping and as-
piration of the surrounding fluid.

Morbidity and mortality, including re-
spiratory complications, suggested in
case series were not seen in the 2009
Cochrane synthesis of RCTs, which
concluded that “there is no evidence of
increased adverse effects to the fetus/
neonate or woman from laboring in
water or water birth.”5 This conclusion,
however, should be tempered by sev-
eral concerns, including the issue of the
power of the sample size to identify
rare but potentially serious outcomes.
In this regard, in an RCT29 excluded
from the Cochrane analysis (because
included labors all involved dystocia),
12% of neonates who were delivered in
the immersion arm required admission
to the NICU, as compared with none in
the group delivered without immersion.

SUMMARY

Immersion in water during the first
stage of labor may be appealing to

some and may be associated with
decreased pain or use of anesthesia
and decreased duration of labor;
however, there is no evidence that
immersion during the first stage of
labor otherwise improves perinatal
outcomes. Immersion therapy during
the first stage of labor should not
prevent or inhibit other elements of
care, including appropriate maternal
and fetal monitoring.

In contrast, the safety and efficacy of
immersion in water during the second
stage of labor have not been estab-
lished, and immersion in water during
the second stage of labor has not been
associated with maternal or fetal
benefit. Given these facts and case
reports of rare but serious adverse
effects in the newborn, the practice of
immersion in the second stage of labor
(underwater delivery) should be con-
sidered an experimental procedure
that only should be performed within
the context of an appropriately designed
clinical trial with informed consent.

Although not the focus of specific trials,
facilities that plan to offer immersion in
the first stage of labor need to establish
rigorous protocols for candidate se-
lection, maintenance and cleaning of
tubs and immersion pools, infection
control procedures, monitoring of
mothers and fetuses at appropriate
intervals while immersed, and protocols
for moving women from tubs if urgent
maternal or fetal concerns develop.
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POLICY STATEMENT

Planned Home Birth

abstract
The American Academy of Pediatrics concurs with the recent statement
of the American College of Obstetricians and Gynecologists affirming
that hospitals and birthing centers are the safest settings for birth in
the United States while respecting the right of women to make a med-
ically informed decision about delivery. This statement is intended to
help pediatricians provide supportive, informed counsel to women
considering home birth while retaining their role as child advocates
and to summarize the standards of care for newborn infants born at
home, which are consistent with standards for infants born in a med-
ical care facility. Regardless of the circumstances of his or her birth,
including location, every newborn infant deserves health care that
adheres to the standards highlighted in this statement, more com-
pletely described in other publications from the American Academy
of Pediatrics, including Guidelines for Perinatal Care. The goal of pro-
viding high-quality care to all newborn infants can best be achieved
through continuing efforts by all participating health care providers
and institutions to develop and sustain communications and under-
standing on the basis of professional interaction and mutual respect
throughout the health care system. Pediatrics 2013;131:1016–1020

INTRODUCTION

Women and their families may desire a home birth for a variety of
reasons, including hopes for a more family-friendly setting, increased
control of the process, decreased obstetric intervention, and lower
cost. Although the incidence of home birth remains below 1% of all
births in the United States, the rate of home birth has increased during
the past several years for white, non-Hispanic women.1 However, a
woman’s choice to plan a home birth is not well supported in the
United States. Obstacles are pervasive and systemic and include wide
variation in state laws and regulations, lack of appropriately trained
and willing providers, and lack of supporting systems to ensure the
availability of specialty consultation and timely transport to a hospi-
tal. Geography also may adversely affect the safety of planned home
birth, because travel times >20 minutes have been associated with
increased risk of adverse neonatal outcomes, including mortality.2

Whether for these reasons or others, planned home birth in the
United States appears to be associated with a two- to threefold in-
crease in neonatal mortality or an absolute risk increase of ap-
proximately 1 neonatal death per 1000 nonanomalous live births.3–5

Evidence also suggests that infants born at home in the United States
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have an increased incidence of low
Apgar scores and neonatal seizures.3,4

In contrast, a smaller study of all plan-
ned home births attended by midwives
in British Columbia, Canada, from 2000
to 2004 revealed no increase in neo-
natal mortality over planned hospital
births attended by either midwives
or physicians.6 Registered midwives
in British Columbia are mandated to
offer women the choice to deliver in
a hospital or at home if they meet the
eligibility criteria for home birth de-
fined by the College of Midwifery of
British Columbia (Table 1).

In a recent position statement, the
Committee on Obstetric Practice of the
American College of Obstetricians and
Gynecologists (ACOG) stated, “although
the Committee on Obstetric Practice be-
lieves that hospitals and birthing cen-
ters are the safest setting for birth, it
respects the right of a woman to make
a medically informed decision about
delivery. Women inquiring about plan-
ned home birth should be informed of
its risks and benefits based on recent
evidence.”7 The statement reviewed ap-
propriate candidates for home delivery
and outlined the health care system
components “critical to reducing peri-
natal mortality rates and achieving fa-
vorable home birth outcomes” (Table 1).

Pediatricians must be prepared to
provide supportive, informed counsel
to women considering home birth
while retaining their role as child
advocates in assessing whether the
situation is appropriate to support a
planned home birth (Table 1). In ad-
dition to apprising the expectant
mother of the increase in neonatal
mortality and other neonatal compli-
cations with planned home birth, the
pediatrician should advise her that
the American Academy of Pediatrics
(AAP) and ACOG support provision of
care only by midwives who are certi-
fied by the American Midwifery Certi-
fication Board and should make her
aware that some women who plan to
deliver at home will need transfer to
a hospital before delivery because of
unanticipated complications. This per-
centage varies widely among reports,
from approximately 10% to 40%, with
a higher transfer rate for primiparous
women.8,9 The mother should be en-
couraged to see successful transfer
not as a failure of the home birth but
rather as a success of the system.

Care of the newborn infant born at
home is a particularly important topic,
because infants born at home are
cared for outside the safeguards of the
systems-based protocols required of

hospitals and birthing centers. This
situation places a larger burden on
individual health care providers to
remember and carry out all compo-
nents of assessment and care of the
newborn infant. To assist providers,
this policy statement addresses 2
specific areas: resuscitation and eval-
uation of the newborn infant immedi-
ately after birth and essential elements
of care and follow-up for the healthy
term newborn infant.

ASSESSMENT, RESUSCITATION,
AND CARE OF THE NEWBORN
INFANT IMMEDIATELY AFTER BIRTH

As recommended by the AAP and the
American Heart Association, there
should be at least 1 person present
at every delivery whose primary re-
sponsibility is the care of the newborn
infant.10 Situations in which both the
mother and the newborn infant si-
multaneously require urgent attention
are infrequent but will nonetheless
occur. Thus, each delivery should be
attended by 2 individuals, at least 1 of
whom has the appropriate training,
skills, and equipment to perform a full
resuscitation of the infant in accor-
dance of the principles of the Neo-
natal Resuscitation Program.10 To
facilitate obtaining emergency assis-
tance when needed, the operational
integrity of the telephone or other
communication system should be
tested before the delivery (as should
every other piece of medical equip-
ment), and the weather should be
monitored. In addition, a previous ar-
rangement with a medical facility
needs to be in place to ensure a safe
and timely transport in the event of an
emergency.

Care of the newborn infant immedi-
ately after delivery should adhere to
standards of practice as described in
Guidelines for Perinatal Care11 and in-
clude provision of warmth, initiation
of appropriate resuscitation measures,

TABLE 1 Recommendations When Considering Planned Home Birth

Candidate for home deliverya

• Absence of preexisting maternal disease
• Absence of significant disease occurring during the pregnancy
• A singleton fetus estimated to be appropriate for gestational age
• A cephalic presentation
• A gestation of 37 to <41 completed weeks of pregnancy
• Labor that is spontaneous or induced as an outpatient
• A mother who has not been referred from another hospital

Systems needed to support planned home birth
• The availability of a certified nurse-midwife, certified midwife, or physician

practicing within an integrated and regulated health system
• Attendance by at least 1 appropriately trained individual (see text) whose primary responsibility

is the care of the newborn infant
• Ready access to consultation
• Assurance of safe and timely transport to a nearby hospital with a preexisting arrangement

for such transfers

Data are from refs 6, 7, 10, 11, and 13.
a ACOG considers previous cesarean delivery to be an absolute contraindication to planned home birth.7
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and assignment of Apgar scores.
Although skin-to-skin contact with
mother is the most effective way to
provide warmth, portable warming
pads should be available in case a
newborn infant requires resuscitation
and cannot be placed on the mother’s
chest. A newborn infant who requires
any resuscitation should be monitored
frequently during the immediate post-
natal period, and infants who receive
extensive resuscitation (eg, positive-
pressure ventilation for more than
30–60 seconds) should be transferred
to a medical facility for close moni-
toring and evaluation. In addition, any
infant who has respiratory distress,
continued cyanosis, or other signs of
illness should be immediately trans-
ferred to a medical facility.

CARE OF THE NEWBORN

Subsequent newborn care should ad-
here to the AAP standards as de-
scribed in Guidelines for Perinatal
Care as well as to the AAP statement
regarding care of the well newborn
infant.11–13 Although a detailed review
of these standards would be far too
lengthy to include in this statement,
a few practice points are worthy of
specific mention:

� Transitional care (first 4–8 hours):
The infant should be kept warm
and undergo a detailed physical
examination that includes an as-
sessment of gestational age and
intrauterine growth status (weight,
length, and head circumference),
as well as a comprehensive risk
assessment for neonatal condi-
tions that require additional moni-
toring or intervention. Temperature,
heart and respiratory rates, skin
color, peripheral circulation, respi-
ration, level of consciousness, tone,
and activity should be monitored
and recorded at least once every
30 minutes until the newborn’s con-
dition is considered normal and

has remained stable for 2 hours.
An infant who is thought to be
<37 weeks’ gestational age should
be transferred to a medical facility
for continuing observation for con-
ditions associated with prematurity,
including respiratory distress, poor
feeding, hypoglycemia, and hyper-
bilirubinemia, as well as for a car
safety seat study.

� Monitoring for group B strepto-
coccal disease: As recommended
by the Centers for Disease Control
and Prevention and the AAP, all
pregnant women should be screened
for group B streptococcal coloni-
zation at 35 to 37 weeks of gesta-
tion.14 Women who are colonized
should receive ≥4 hours of intrave-
nous penicillin, ampicillin, or cefazo-
lin. If the mother has received this
intrapartum treatment and both
she and her newborn infant remain
asymptomatic, they can remain at
home if the infant can be observed
frequently by an experienced and
knowledgeable health care provider.
If the mother shows signs of cho-
rioamnionitis or if the infant does
not appear completely well, the in-
fant should be transferred rapidly
to a medical facility for additional
evaluation and treatment.14

� Glucose screening: Infants who
have abnormal fetal growth (esti-
mated to be small or large for ges-
tational age) or whose mothers
have diabetes should be delivered
in a hospital or birthing center be-
cause of the increased risk of hy-
poglycemia and other neonatal
complications. If, after delivery, an
infant is discovered to be small or
large for gestational age or has
required resuscitation, he or she
should be screened for hypoglyce-
mia as outlined in the AAP state-
ment.15 If hypoglycemia is identified
and persists after feeding (glucose
<45 mg/dL), the infant should be

transferred promptly to a medical
facility for continuing evaluation and
treatment.

� Eye prophylaxis: Every newborn infant
should receive prophylaxis against
gonococcal ophthalmia neonatorum.

� Vitamin K: Every newborn infant
should receive a single parenteral
dose of natural vitamin K1 oxide
(phytonadione [0.5–1 mg]) to pre-
vent vitamin K–dependent hemor-
rhagic disease of the newborn.
Oral administration of vitamin K
has not been shown to be as effi-
cacious as parenteral administra-
tion for the prevention of late
hemorrhagic disease. This dose
should be administered shortly af-
ter birth but may be delayed until
after the first breastfeeding.

� Hepatitis B vaccination: Early hep-
atitis B immunization is recom-
mended for all medically stable
infants with a birth weight >2 kg.

� Assessment of feeding: Breastfeed-
ing, including observation of posi-
tion, latch, and milk transfer,
should be evaluated by a trained
caregiver. The mother should be
encouraged to record the time
and duration of each feeding, as
well as urine and stool output, dur-
ing the early days of breastfeeding.

� Screening for hyperbilirubinemia:
Infants whose mothers are Rh
negative should have cord blood
sent for a Coombs direct antibody
test; if the mother’s blood type is
O, the cord blood may be tested
for the infant’s blood type and di-
rect antibody test, but it is not
required provided that there is ap-
propriate surveillance, risk assess-
ment, and follow-up.16 All newborn
infants should be assessed for
risk of hyperbilirubinemia and un-
dergo bilirubin screening between
24 and 48 hours. The bilirubin
value should be plotted on the
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hour-specific nomogram to deter-
mine the risk of severe hyperbilir-
ubinemia and the need for repeat
determinations.13

� Universal newborn screening: Every
newborn infant should undergo
universal newborn screening in
accordance with individual state
mandates, with the first blood
specimen ideally collected between
24 and 48 hours of age. (A list
of conditions for which screening
is performed in each state is
maintained online by the National
Newborn Screening and Genetic
Resource Center, available at http://
genes-r-us.uthscsa.edu/resources/
consumer/statemap.htm.)

� Hearing screening: The newborn
infant’s initial caregiver should en-
sure that the hearing of any infant
born outside the hospital setting
is screened by 1 month of age, in
accordance with AAP recommen-
dations.

� Provision of follow-up care: Com-
prehensive documentation and
communication with the follow-up
provider are essential. Written
records should describe prenatal
care, delivery, and immediate post-
natal course, clearly documenting
which screenings and medications
have been provided by the birth
attendant, and which remain to
be performed. All newborn infants
should be evaluated by a health
care professional who is knowl-
edgeable and experienced in pedi-
atrics within 24 hours of birth and
subsequently within 48 hours of

that first evaluation. The initial
follow-up visit should include in-
fant weight and physical examina-
tion, especially for jaundice and
hydration. If the mother is breast-
feeding, the visit should include
evaluation of any maternal history
of breast problems (eg, pain or
engorgement), infant elimination
patterns, and a formal observed
evaluation of breastfeeding, includ-
ing position, latch, and milk trans-
fer. The results of maternal and
neonatal laboratory tests should
be reviewed; clinically indicated
tests, such as serum bilirubin,
should be performed; and screen-
ing tests should be completed in
accordance with state regulations.
Screening for congenital heart dis-
ease should be performed by us-
ing oxygen saturation testing as
recommended by the AAP.17

CONCLUSIONS

The AAP concurs with the recent po-
sition statement of the ACOG, affirming
that hospitals and birthing centers are
the safest settings for birth in the
United States, while respecting the
right of women to make a medically
informed decision about delivery.7 In
addition, the AAP in concert with the
ACOG does not support the provision
of care by lay midwives or other
midwives who are not certified by the
American Midwifery Certification
Board.7

Regardless of the circumstances of his
or her birth, including location, every
newborn infant deserves health care

that adheres to the standards high-
lighted in this statement and more
completely described in other AAP
publications.11–16 The goal of provid-
ing high-quality care to all newborn
infants can best be achieved through
continuing efforts by all participat-
ing providers and institutions to de-
velop and sustain communications
and understanding on the basis of
professional interaction and mutual
respect throughout the health care
system.
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CLINICAL REPORT

Safe Transportation of Preterm and
Low Birth Weight Infants at
Hospital Discharge
Marilyn J. Bull, MD, William A. Engle, MD, the Committee on Injury, Violence, and Poison

Prevention and the Committee on Fetus and Newborn

ABSTRACT
Safe transportation of preterm and low birth weight infants requires special
considerations. Both physiologic immaturity and low birth weight must be taken
into account to properly position such infants. This clinical report provides guide-
lines for pediatricians and other caregivers who counsel parents of preterm and
low birth weight infants about car safety seats. Pediatrics 2009;123:1424–1429

INTRODUCTION
Improved survival rates and earlier discharge of preterm (�37 weeks’ gestation at
birth) and low birth weight (�2500 g at birth) infants have increased the number of
small infants who are being transported in private vehicles. Car safety seats that are
used correctly are 71% effective in preventing fatalities attributable to passenger car
crashes in infants.1 To ensure that preterm and low birth weight infants are trans-
ported safely, the proper selection and use of car safety seats or car beds are necessary.

Federal Motor Vehicle Safety Standard (FMVSS) 213, which establishes design
and dynamic performance requirements for child-restraint systems, applies to
children weighing up to 65 lb. However, the standard has no minimum weight
limit and does not address the relative hypotonia and risk of airway obstruction in
preterm or low birth weight infants. Most rear-facing car safety seats are desig-
nated by the manufacturer for use by infants weighing more than 4 or 5 lb, with
some designated for use from birth regardless of weight.

Infant dummies as small as 3.3 lb have been shown to be satisfactorily restrained
in standard rear-facing car safety seats during crash tests.2,3 Test dummies, however,
cannot replicate the airway and tone variables that occur in preterm infants, and there
is no information on restraint of infants who weigh less than 3.3 lb (1.5 kg).

Rear-facing car safety seats provide the best protection in a frontal crash,
because the forces are transferred from the back of the restraint to the infant’s
back, the strongest part of an infant’s body. The restraint also supports the infant’s
head. Severe tensile forces on the neck in flexion are also prevented by use of
rear-facing car safety seats.4

The long-term experience and documented protective value of car safety seats
make them the preferred choice for travel for all infants who can maintain
cardiorespiratory stability in the semireclined position.4 A car bed that meets FMVSS 213 may be indicated for infants
who manifest apnea, bradycardia, or low oxygen saturation when positioned semireclined in a car safety seat.2,5 Of
note, some preterm and term infants positioned in car beds and car safety seats seem to have similar rates of apnea,
bradycardia, and oxygen desaturation.6,7

A car bed is designed to accommodate an infant in a fully reclined position and is oriented in the vehicle seat
perpendicular to the direction of travel. An infant is secured in the car bed with an internal harness, and the car bed is
secured to the vehicle with the vehicle’s seat belt. Car beds, like car safety seats, have specific weight requirements
designated by the manufacturer and, like car safety seats, should be used according to manufacturer recommendations.

The size of the infant, especially for those born preterm, is an important consideration when selecting a car safety
seat or car bed.2,8 Weight, length, neurologic maturation, and associated medical conditions (especially bronchopul-
monary dysplasia) all influence the potential risk of respiratory compromise for infants in seating devices.6,9

Preterm infants are subject to an increased risk of oxygen desaturation, apnea, and/or bradycardia,10 especially
when placed in a semireclined position in car safety seats.5,11–13 Furthermore, frequent cardiorespiratory events and
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intermittent hypoxia may adversely affect later neuro-
development, psychosocial behavior, and academic
achievement.14,15 In 1 study, mental development in pre-
term infants with 5 or more cardiorespiratory events
during 210 hours or more of cardiorespiratory monitor-
ing was associated with a lower mental development
index on the Bayley Scales of Infant Development (95.8
vs 100.4; P � .04)14; physical developmental indices
were not different (94.4 vs 91.7; P � .37). It is unclear
whether the association of cardiorespiratory events and
lower mental development reflects an underlying abnor-
mality or a negative consequence of the events. It is
rational, if practical, to attempt to reduce the frequency
and severity of cardiorespiratory events experienced by
preterm infants seated in car safety seats to minimize
potential neurodevelopmental sequelae. Therefore, car
safety seat monitoring in the infant’s own car safety seat
before discharge from the hospital should be considered
for all infants less than 37 weeks’ gestation at birth to
determine if physiologic maturity and stable cardiorespi-
ratory function are present, as recommended in the
American Academy of Pediatrics publication Guidelines
for Perinatal Care.16 Because information is limited about
the severity and frequency of adverse outcomes in pre-
term infants who experience cardiorespiratory events,
including those events that occur while in car safety
seats, additional research is needed.17

Many infants are discharged from the hospital with
cardiac/apnea monitors, supplemental oxygen, and, occa-
sionally, portable ventilators, suction machines, batteries,
and other equipment. These objects are heavy and could
cause injury if they were to hit the child or another ve-
hicle occupant in the event of a sudden stop or crash.
Although there is no commercially available securement
system for portable medical equipment, restraint is recom-
mended.18

No data are available to establish a specific age or
neurodevelopmental status at which an infant with re-
spiratory compromise who was discharged from the hos-
pital in a car bed can safely transition to a semireclined
car safety seat. Before discontinuing use of a car bed, the
physician can consider arranging for a follow-up study to
determine when the infant can travel semireclined with-
out apnea, bradycardia, or oxygen desaturation. The
time to perform the test may vary depending on the rate
of growth and neurologic maturation of the infant and
the infant’s respiratory status and should be determined
by the treating physician.

Car safety seats are used frequently for positioning
infants for purposes other than travel. Potential detri-
mental effects of excessive use of infant seating devices,
including exacerbation of gastroesophageal reflux and
potentiation of plagiocephaly, have been documented.19,20

Use of car safety seats for purposes other than travel also
may increase the risk of adverse cardiorespiratory and
other adverse medical events.

CLINICAL IMPLICATIONS
Several important considerations for transportation of pre-
term and low birth weight infants at risk for recurrent

oxygen desaturation, apnea, or bradycardia include the
following.

1. The increased frequency of oxygen desaturation and
episodes of apnea or bradycardia while sitting in car
safety seats suggests that preterm infants should
have a period of observation in a car safety seat,
preferably their own, before hospital discharge. This
period of observation should be performed with the
infant carefully positioned for optimal restraint and
the car safety seat placed at an angle that is approved
for use in the vehicle. A period of observation for a
minimum of 90 to 120 minutes or the duration of
travel, whichever is longer, is suggested.5,6,11,21

2. Hospital staff who are trained in positioning infants
properly in the car safety seat and in detecting ap-
nea, bradycardia, and oxygen desaturation should
conduct the car safety seat observation.

3. Hospitals should develop protocols to include car
safety seat observation before discharge for infants
born at less than 37 weeks’ gestation.22 Some hos-
pital protocols include car safety seat observations
for infants at risk of obstructive apnea, bradycardia,
or oxygen desaturation other than those born at less
than 37 weeks’ gestation. Examples include infants
with hypotonia (eg, Down syndrome or congenital
neuromuscular disorders), infants with microgna-
thia (Pierre Robin sequence), and infants who have
undergone congenital heart surgery.9

4. Families should be taught by trained hospital staff
how to position the infant properly in the car safety
seat.

5. The duration of time the infant is seated in a car
safety seat should be minimized. Parents should be
advised that car safety seats should be used only for
travel.

6. A conventional car safety seat that allows for proper
positioning of the preterm infant should be selected
if a semiupright position can be maintained safely by
the infant. Better observation of the infant may be
possible when the child is in a rear-facing car safety
seat adjacent to an adult rather than in a car bed. In
addition, the protection provided by a rear-facing
car safety seat is better documented than the pro-
tection provided by car beds.4

7. If events documented on cardiorespiratory monitor-
ing in a car safety seat are deemed significant by the
treating physician or the hospital policy, interven-
tions to reduce the frequency of desaturation and
episodes of apnea and bradycardia are recom-
mended (eg, use of car bed; supplemental oxygen;
continued hospitalization or further medical assess-
ment). If a car bed is considered, a similar period of
cardiorespiratory monitoring while the infant is in
the car bed should be performed before discharge.

8. Infants with documented oxygen desaturation, ap-
nea, or bradycardia in a semiupright position should
travel in a supine or prone position in an FMVSS
213–approved car bed after an observation period
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that is free of such events as described in point 1
above. This may need to be revised as new evidence
becomes available from future research. Specific in-
formation regarding currently available car beds can
be obtained from several resources.23

9. Before transitioning from a car bed, a period of
observation of an infant for apnea, bradycardia, and
oxygen desaturation in the infant’s own semire-
clined car safety seat should be considered. The
study can be performed as a home oxypneumocar-
diogram, as an outpatient polysomnogram, or as an
observed outpatient clinical evaluation performed
similarly to that described in point 1 above.

10. Infants at risk of respiratory compromise in car
safety seats may be at similar risk with use of other
upright equipment, including infant swings, infant
seats, backpacks, slings, and infant carriers. Consid-
eration should also be given to limiting the use of
these devices until the child’s respiratory status in a
semireclined position is stable.24

11. Infants for whom home cardiac and apnea monitors
are prescribed should use this monitoring equip-
ment during travel and have portable, self-con-
tained power available for at least twice the duration
of the expected transport time.

12. Commercially available securement systems for por-
table medical equipment such as monitors are not
available; therefore, this equipment should be
wedged on the floor or under the vehicle seat to
minimize the risk of it becoming a dangerous pro-
jectile in the event of a crash or sudden stop.2,8

Proper positioning of preterm and low birth weight infants
in car safety seats is important for minimizing the risk of
respiratory compromise. Specific national guidance for se-
lecting car safety seats and positioning preterm and low
birth weight infants includes the following.

1. Infants should ride facing the rear as long as possible
and to the highest weight and length allowed by the
manufacturer of the seat for greatest protection.25-27 By
the time infants weigh 20 lb or reach the top length
allowed by the manufacturer of the seat, they should
ride facing the rear in infant seats or convertible car
safety seats approved for rear-facing use at higher
weights and lengths. Most convertible car safety seats
are approved for rear-facing use up to 30 to 35 lb and 36
in. Parents of infants born preterm may benefit from
specific counseling about this concept.

2. Infant-only car safety seats with 3-point or 5-point
harness systems or convertible car safety seats with
5-point harness systems provide optimum comfort,
fit, and positioning for the preterm or low birth
weight infant. A small infant should not be placed in
a car safety seat with a shield, abdominal pad, or arm
rest because of potential breathing difficulty behind
the shield or injury to an infant’s face and neck
during a sudden stop or crash.2,21

3. Car safety seats with the shortest distances from the
crotch strap to the seat back should be selected to reduce

the potential for the infant to slip forward feet-first
under the harness (ie, “submarining”). Some car safety
seats have crotch-to-seat back distances as short as 5.5
in, which may accommodate some preterm or low birth
weight infants well. A small rolled diaper or blanket
between the crotch strap and the infant may be added
to reduce the risk of submarining (Fig 1) in smaller
infants. A car safety seat with multiple harness-strap
slots provides more choice and may be more suitable for
small but rapidly growing infants. Ideally, car safety
seats with harness straps that can be positioned at or
below the shoulders should be selected.21

4. The infant should be properly positioned in the car
safety seat, with buttocks and back flat against the
back of the car safety seat. The harness must be snug,
and the car safety seat’s retainer clip should be posi-
tioned at the midpoint of the infant’s chest, not on
the abdomen or in front of the neck (Fig 1).

5. Some car safety seats come with head-support sys-
tems as standard equipment. Many head-support sys-
tems, however, are sold as aftermarket products and
may decrease the safety provided by the seat and
harness system, because they introduce slack into
harness straps. Only products that come with the seat
or are sold by the manufacturer for use with their
specific seat should be used. Most very small infants
require positioning support in addition to the head
support that comes with the seat. Blanket rolls may
be placed on both sides of the infant to provide lateral
support for the head and trunk (Fig 1).

6. The rear-facing car safety seat should be reclined
approximately 45° or as directed by the instructions

FIGURE 1
Car safety seatwith a small cloth between crotch strap and infant, retainer clip positioned
at the midpoint of the infant’s chest, and blanket rolls on both sides of the infant.
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provided with the car safety seat. If the vehicle seat
slopes and the seat is too upright, the infant’s head
may fall forward. A lightweight, noncompressible ob-
ject, such as a tightly rolled blanket or pool “noodle,”
may be placed under the car safety seat to achieve the
appropriate angle. Some car safety seats have built-in
angle indicators and angle adjusters to assist with
achieving the proper angle (Fig 2).

7. A rear-facing car safety seat should never be placed in
the front passenger seat of any vehicle equipped with
a passenger-side front air bag because of risk of death
or serious injury from the impact of the air bag. In
some vehicles without rear seating positions, the air
bag can be deactivated when the front seat is used for
a child passenger. The back seat is the safest place for
all children to travel.28,29

8. Infants riding in the rear seat may be more difficult to
observe, and whenever possible, parents should ar-
range for an adult to be seated in the rear seat adja-
cent to the infant. In the event of a monitor alarm, if
a second caregiver is not available, the driver may
need to come safely to a stop and assess the infant.

9. An infant should never be left unattended in a car
safety seat inside or out of the car.

RESEARCH IMPLICATIONS

1. Studies are needed to gather more information on the
severity and frequency of adverse outcomes in preterm
infants who experience cardiorespiratory events, in-
cluding those events that occur while in car safety seats.

2. Studies need to be conducted to determine the risk
factors associated with cardiorespiratory events
among preterm and low birth weight infants and
criteria that indicate neurodevelopmental and physi-
ologic maturity required for an infant to be positioned
upright without respiratory compromise.

3. Studies should be designed to assess the correlation of
car safety seat monitoring performed in the hospital,
while stationary in the car, and while traveling.

4. Methods should be developed to better determine the
relative protection provided by rear-facing car safety
seats and car beds.

5. Design of car safety seats should be encouraged to
specifically meet the positioning and transportation
needs of preterm and low birth weight infants.

6. Methods should be developed to better secure heavy
medical equipment, such as monitors and oxygen, in
vehicles.

7. The efficacy of various protocols for car safety seat
monitoring and car safety seats for different patient
populations of at-risk infants needs to be determined.

SUMMARY
Proper selection and use of car safety seats or car beds
are important for ensuring that preterm and low birth
weight infants are transported as safely as possible.

The increased frequency of oxygen desaturation or
episodes of apnea or bradycardia experienced by preterm
and low birth weight infants positioned semireclined in
car safety seats may expose them to increased risk of
cardiorespiratory events and adverse neurodevelopmen-
tal outcomes.

It is suggested that preterm infants should have a
period of observation of 90 to 120 minutes (or longer, if
time for travel home will exceed this amount) in a car
safety seat before hospital discharge. Educating parents
about the proper positioning of preterm and low birth
weight infants in car safety seats is important for mini-
mizing the risk of respiratory compromise. Providing
observation and avoiding extended periods in car safety
seats for vulnerable infants and using car seats only for
travel should also minimize risk of adverse events.
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17. Côté A, Bairam A, Deschenes M, Hatzakis G. Sudden infant
deaths in sitting devices. Arch Dis Child. 2008;93(5):384–389

18. American Academy of Pediatrics, Committee on Injury and
Poison Prevention. Transporting children with special health
care needs. Pediatrics. 1999;104(4 pt 1):988–992

19. Callahan CW. Increased gastroesophageal reflux in infants: can
history provide an explanation? Acta Paediatr. 1998;87(12):
1219–1223

20. Orenstein SR, Whittington PF, Orenstein DM. The infant seat
as treatment for gastroesophageal reflux. N Engl J Med. 1983;
309(13):760–763

21. National Highway Traffic Safety Administration. National
Standardized Child Passenger Safety Training Program. Avail-
able at: www.safekids.org/certification/index.html. Accessed
March 12, 2008

22. American Academy of Pediatrics, Committee on Injury and
Poison Prevention. Safe transportation of newborns at hospital
discharge. Pediatrics. 1999;104(4 pt 1):986–987

23. National Center for Safe Transportation of Children With Spe-
cial Needs. Special Needs Transportation: Restraints. Available
at: www.preventinjury.org/SNTrestraints.asp. Accessed March
12, 2008

24. Stening W, Nitsch P, Wassmer G, Roth B. Cardiorespiratory
stability of premature and term infants carried in infant slings.
Pediatrics. 2002;110(5):879–883

25. American Academy of Pediatrics, Committee on Injury and
Poison Prevention. Selecting and using the most appropriate
car safety seats for growing children: guidelines for counseling
parents. Pediatrics. 2002;109(3):550–553



SECTION 1: DELIVERY/DISCHARGE32

26. Henary B, Sherwood C, Crandall J, et al. Car safety seats for
children: rear facing for best protection. Inj Prev. 2007;13(6):
398–402

27. National Highway Traffic Safety Administration. Child Passen-
ger Safety: A Parent’s Primer. Available at: www.nhtsa.gov/
staticfiles/DOT/NHTSA/Traffic%20Injury%20Control/Articles/
Associated%20Files/4StepsFlyer.pdf. Accessed April 9, 2009

28. Braver ER, Whitifield R, Ferguson SA. Seating positions and
children’s risk of dying in motor vehicle crashes. Inj Prev.
1998;4(3):181–187

29. Durbin D, Chen I, Smith R, Elliott M, Winston F. Effects of seating
position and appropriate restraint use on the risk of injury to
children in motor vehicle crashes. Pediatrics. 2005;115(3). Avail-
able at: www.pediatrics.org/cgi/content/full/115/3/e305



33

Umbilical Cord Care in 
the Newborn Infant
Dan Stewart, MD, FAAP, William Benitz, MD, FAAP, COMMITTEE ON FETUS AND NEWBORN

This document is copyrighted and is property of the American 
Academy of Pediatrics and its Board of Directors. All authors have 
fi led confl ict of interest statements with the American Academy 
of Pediatrics. Any confl icts have been resolved through a process 
approved by the Board of Directors. The American Academy of 
Pediatrics has neither solicited nor accepted any commercial 
involvement in the development of the content of this publication.

Clinical reports from the American Academy of Pediatrics benefi t from 
expertise and resources of liaisons and internal (AAP) and external 
reviewers. However, clinical reports from the American Academy of 
Pediatrics may not refl ect the views of the liaisons or the organizations 
or government agencies that they represent.

The guidance in this report does not indicate an exclusive course of 
treatment or serve as a standard of medical care. Variations, taking 
into account individual circumstances, may be appropriate.

All clinical reports from the American Academy of Pediatrics 
automatically expire 5 years after publication unless reaffi rmed, 
revised, or retired at or before that time.

DOI: 10.1542/peds.2016-2149

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2016 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they 
do not have a fi nancial relationship relevant to this article 
to disclose.

FUNDING: No external funding.

POTENTIAL CONFLICT OF INTEREST: The authors have 
indicated they have no potential confl icts of interest to 
disclose.

abstractPostpartum infections remain a leading cause of neonatal morbidity and 
mortality worldwide. A high percentage of these infections may stem from 
bacterial colonization of the umbilicus, because cord care practices vary in 
refl ection of cultural traditions within communities and disparities in health 
care practices globally. After birth, the devitalized umbilical cord often 
proves to be an ideal substrate for bacterial growth and also provides direct 
access to the bloodstream of the neonate. Bacterial colonization of the 
cord not infrequently leads to omphalitis and associated thrombophlebitis, 
cellulitis, or necrotizing fasciitis. Various topical substances continue to be 
used for cord care around the world to mitigate the risk of serious infection. 
More recently, particularly in high-resource countries, the treatment 
paradigm has shifted toward dry umbilical cord care. This clinical report 
reviews the evidence underlying recommendations for care of the umbilical 
cord in different clinical settings.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

INTRODUCTION

Despite significant global progress in recent decades,  1 bacterial 
infections (sepsis, meningitis, and pneumonia) continue to account for 
approximately 700 000 neonatal deaths each year, or nearly one-quarter 
of the 3 million neonatal deaths that occur worldwide. 1,  2 Although the 
magnitude of its contribution to these deaths remains uncertain, the 
umbilical cord may be a common portal of entry for invasive pathogenic 
bacteria,  3 with or without clinical signs of omphalitis. Neonatal mortality 
associated with bacterial contamination of the umbilical stump may 
therefore rank among the greatest public health opportunities of the 21st 
century.

Common risk factors for the development of neonatal omphalitis include 
unplanned home birth or septic delivery, low birth weight, prolonged 
rupture of membranes, umbilical catheterization, and chorioamnionitis. 4,  5 
In countries with limited resources, the risk of omphalitis may be 6 
times greater for infants delivered at home than for hospital births. 6 
Multiple studies have delineated the susceptibility of the umbilical 
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cord to bacterial colonization. The 
method of caring for the umbilical 
cord after birth affects both bacterial 
colonization and time to cord 
separation. 7 – 10 The devitalized 
umbilical cord provides an ideal 
medium for bacterial growth. 
Sources of potentially pathogenic 
bacteria that colonize the umbilical 
cord include the mother’s birth 
canal and various local bacterial 
sources at the site of delivery, most 
prominently the nonsterile hands 
of any person assisting with the 
delivery. 11 Staphylococcus aureus
remains the most frequently reported 
organism. 5– 7,  12 Other common 
pathogens include group A and group 
B Streptococci and Gram-negative
bacilli including Escherichia coli,
Klebsiella species, and Pseudomonas
species. Rarely, anaerobic and 
polymicrobial infections also may 
occur. In addition to omphalitis, 
tetanus in neonates can result 
from umbilical cord colonization, 
particularly in countries with limited 
resources. This infection results 
from contamination of the umbilical 
separation site by Clostridium tetani
acquired from a nonsterile device 
used to separate the umbilical cord 
during the peripartum period or from 
application of unhygienic substances 
to the cord stump.

Multiple complications can occur 
from bacterial colonization and 
infection of the umbilical cord 
because of its direct access 
to the bloodstream. These 
complications include the 
development of intraabdominal 
abscesses, periumbilical cellulitis, 
thrombophlebitis in the portal and/or 
umbilical veins, peritonitis, and bowel 
ischemia. 13  – 16 Neonatal omphalitis 
may present at 4 grades of severity: 
(1) funisitis/umbilical discharge
(an unhealthy-appearing cord with
purulent, malodorous discharge),
(2) omphalitis with abdominal wall
cellulitis (periumbilical erythema
and tenderness in addition to an
unhealthy-appearing cord with

discharge), (3) omphalitis with 
systemic signs of infection, and (4) 
omphalitis with necrotizing fasciitis 
(umbilical necrosis with periumbilical 
ecchymosis, crepitus, bullae, and 
evidence of involvement of superficial 
and deep fascia; frequently associated 
with signs and symptoms of 
overwhelming sepsis and shock).6

The incidence of omphalitis reported 
in different communities varies 
greatly, depending on prenatal 
and perinatal practices, cultural 
variations in cord care, and delivery 
venue (home versus hospital). 
Reliable current data on rates in 
untreated infants are surprisingly 
scant. In high-resource countries, 
neonatal omphalitis now is rare, 
with an estimated incidence of 
approximately 1 per 1000 infants 
managed with dry cord care (eg, a 
total of 3 cases among 3518 infants 
described in 2 reports from Canada 17,  18). 
In low-income communities, 
omphalitis occurs in up to 8% of 
infants born in hospitals and in 
as many as 22% of infants born 
at home, in whom omphalitis is 
moderate to severe in 17% and 
associated with sepsis in 2%. 19 
Depending on how omphalitis is 
defined, case-fatality rates as high 
as 13% have been reported. 4 The 
development of necrotizing fasciitis, 
with predictable complications from 
septic shock, is associated with much 
higher case-mortality rates.5 These 
disparate observations in different 
settings have resulted in divergent 
recommendations for cord care 
by the World Health Organization 
(WHO), which advocates dry cord 
care for infants born in a hospital or 
in settings of low neonatal mortality 
and application of chlorhexidine 
solution or gel for infants born at 
home or in settings of high neonatal 
mortality. 20

EVIDENCE-BASED PRACTICE

Best practices for antisepsis of the 
umbilical cord continue to remain 

somewhat controversial and variable, 
even in high-resource countries 
with relatively aseptic conditions 
at the time of delivery. In resource-
limited countries, in accordance 
with cultural traditions, unhygienic 
substances continue to be applied 
to the umbilicus, creating a milieu 
ideal for the development neonatal 
omphalitis. To achieve the goal of 
preventing omphalitis worldwide, 
deliveries must be clean and 
umbilical cord care must be hygienic. 
The cord should be cut with a sterile 
blade or scissors, preferably using 
sterile gloves, to prevent bacterial 
contamination leading to omphalitis 
or neonatal tetanus. As discussed 
later, dry cord care without the 
application of topical substances is 
preferable under most circumstances 
in high-resource countries and for 
in-hospital births elsewhere; the 
application of topical chlorhexidine 
is recommended for infants born 
outside the hospital setting in 
communities with high neonatal 
mortality rates. 20

Methods of umbilical cord care 
have been the subject of 4 recent 
meta-analyses,  21  – 24 including 2 
Cochrane reviews.23,  24 Although 
the scope and methodologies 
of these reviews differed, all 4 
stratified results according to the 
study setting, distinguishing results 
reported from communities with 
high proportions of births at home 
and high neonatal mortality rates 
from those obtained in hospitals 
and settings with low neonatal 
mortality rates. These analyses 
concluded that 3 studies (including 
>44 000 subjects) in community
settings in South Asia with a high
neonatal mortality rate 3,  25,  26 support
the effectiveness of application of
4% chlorhexidine solution or gel
to the umbilical cord stump within
24 hours after birth, which results
in a significant reduction in both
omphalitis (relative risk [RR]:
0.48; 95% confidence interval [CI]:
0.40–0.57) and neonatal mortality
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(RR: 0.81; 95% CI: 0.71–0.92) 
compared with dry cord care.24 No 
other cord-management strategies 
have been evaluated systematically 
in such settings, but the application 
of traditional materials (eg, ash, 
herbal or other vegetal poultices, and 
human milk) may provide a source 
of contamination with pathogenic 
bacteria, including C tetani. 27 In
contrast, the meta-analyses found 
little evidence of benefit from 
topical treatments for infants born 
in hospitals. 22 – 24 The meta-analyses 
used different criteria for inclusion 
of trials and compared a variety 
of treatments versus dry cord 
care or versus one another. Only 
a single trial28 reported mortality 
data, which did not differ between 
topical chlorhexidine and dry care 
(RR: 0.11; 95% CI: 0.01–2.04). 
However, the low mortality rate 
and the small contribution made by 
bacterial infection 29 in these settings 
provide only a small opportunity for 
a reduction in mortality rates. In 5 
such trials 30  –33 analyzed by Karumbi 
et al,  22 no treatment was found 
to significantly reduce omphalitis 
and sepsis when compared against 
one another, although the sample 
sizes were small and the evidence 
was deemed of low quality. 22 The 
Cochrane review by Imdad et al,  23 
which compared a variety of pairs 
of topical agents, reached similar 
conclusions. The most recent 
meta-analysis, by Sinha et al,  24 
considered 2 studies28,  34 comparing 
chlorhexidine with dry cord care. 
In the first of these, 140 infants 
admitted to the NICU at a hospital in 
north India were randomly assigned 
to receive cord treatment with 
chlorhexidine solution or dry cord 
care. 28 Enrollment criteria included 
gestational age >32 weeks and birth 
weight >1500 g, but the provided 
demographic data suggest that the 
infants were predominantly late-
preterm, and they experienced high 
rates of complications of prematurity 
(including asphyxia, respiratory 
distress, mechanical ventilation, and 

necrotizing enterocolitis). No cases 
of umbilical sepsis were reported 
in either group, but culture-proven 
sepsis was more common in the 
dry cord care group than in the 
chlorhexidine group (15 of 70 vs 2 
of 70; P = .002). These observations
cannot be generalized to all healthy 
infants born in a hospital. The 
second enrolled 669 subjects, who 
were randomly assigned to receive 
treatment with chlorhexidine powder 
or dry cord care. 34 Cord-related 
adverse events (erosion, irritation, 
lesion, omphalitis, erythema, 
umbilical granuloma, purulence, 
bleeding, discharge, or weeping of the 
navel) were more common in the dry 
cord care group (29% vs 16%; 
P = .001), but there were no differences 
in serious adverse events (2.1% in 
both groups) or in the incidence of 
omphalitis (2.1% vs 0.6%; P = .1).
Although the meta-analysis reported 
a significant difference in the pooled 
risk of omphalitis (RR: 0.48; 95% 
CI: 0.28–0.84), combining culture-
proven sepsis cases 28 with omphalitis 
cases34 is not appropriate. This 
analysis provides only very weak, or 
perhaps no, evidence for a benefit of 
chlorhexidine treatment.

Since 1998, the WHO has advocated 
the use of dry umbilical cord care 
in high-resource settings. 35 Dry 
cord care includes keeping the cord 
clean and leaving it exposed to air or 
loosely covered by a clean cloth. If it 
becomes soiled, the remnant of the 
cord is cleaned with soap and sterile 
water. In situations in which hygienic 
conditions are poor and/or infection 
rates are high, the WHO recommends 
chlorhexidine. 16

There is some uncertainty as to 
the effect of chlorhexidine on 
mortality when applied to the 
umbilical cords of newborn infants 
in the hospital setting, but there is 
moderate evidence for its effects 
on infection prevention. 24 Although 
the application of chlorhexidine is 
regarded as safe,  35 trace levels of the 
compound have been detected in the 

blood of infants after umbilical cord 
cleaning. 36,  37 In addition, contact 
dermatitis has been reported in up 
to 15% of very low birth weight 
infants after placement of a 0.5% 
chlorhexidine impregnated dressing 
over a central venous catheter.38 The 
data on the safety of chlorhexidine 
application are incomplete, and the 
amount of exposure to chlorhexidine 
that can be considered safe is 
not known. 24 In addition to the 
incremental increase in the cost of 
using chlorhexidine, the practice of 
reducing bacterial colonization may 
have the unintended consequences 
of selecting more virulent bacterial 
strains without demonstrable 
benefits. 24 Because the incidence 
of omphalitis is very low in high-
resource countries and the severity is 
mild, the preponderance of evidence 
favors dry cord care.

PROMOTING NONPATHOGENIC 
COLONIZATION OF THE UMBILICAL 
CORD

Promoting colonization of the 
umbilical cord by nonpathogenic 
bacteria may prevent the 
development of neonatal omphalitis. 
By allowing neonates to “room-in” 
with their mothers, one can create 
an environment conducive for 
colonization from less pathogenic 
bacteria acquired from the mother’s 
flora. 39 This type of colonization 
helps to reduce colonization and 
infection from potentially pathogenic 
organisms that are ubiquitous 
in the hospital environment. 
Over time, attempts to decrease 
bacterial colonization with topical 
antimicrobial agents may actually 
select for resistant and more 
pathogenic organisms 35 (level of 
evidence: III).

IMPLICATIONS FOR CLINICAL PRACTICE

1. Application of select antimicrobial
agents to the umbilical cord may
be beneficial for infants born
at home in resource-limited
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countries where the risks of 
omphalitis and associated 
sequelae are high.

2. Application of select antimicrobial
agents to the umbilical cord
does not provide clear benefit
in the hospital setting or in
high-resource countries, where
reducing bacterial colonization
may have the unintended
consequence of selecting more
virulent bacterial strains. In high-
resource countries, there has been
a shift away from the use of topical
antimicrobial agents in umbilical
cord care for this reason.

3. For deliveries outside of birthing
centers or hospital settings and in
resource-limited populations (eg,
Native American communities),
the application of prophylactic
topical antimicrobial agents
to the umbilical cord remains
appropriate.

4. At the time of discharge, parental
education regarding the signs and
symptoms of omphalitis might
decrease significant morbidities
and even associated mortalities.

5. Of paramount importance is
the need for all primary care
providers to be diligent in
reporting infections associated
with umbilical cord care.
The development of a local
reporting system regarding the
occurrence of omphalitis and/or
its morbidities to the health care
providers at the site of delivery
will create more robust data,
allowing for improvement in
treatment paradigms in the future.
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CLINICAL REPORT

Newborn Screening Expands:
Recommendations for Pediatricians
and Medical Homes—Implications for
the System
Newborn Screening Authoring Committee

ABSTRACT
Advances in newborn screening technology, coupled with recent advances in the
diagnosis and treatment of rare but serious congenital conditions that affect
newborn infants, provide increased opportunities for positively affecting the lives
of children and their families. These advantages also pose new challenges to
primary care pediatricians, both educationally and in response to the management
of affected infants. Primary care pediatricians require immediate access to clinical
and diagnostic information and guidance and have a proactive role to play in
supporting the performance of the newborn screening system. Primary care pedi-
atricians must develop office policies and procedures to ensure that newborn
screening is conducted and that results are transmitted to them in a timely fashion;
they must also develop strategies to use should these systems fail. In addition,
collaboration with local, state, and national partners is essential for promoting
actions and policies that will optimize the function of the newborn screening
systems and ensure that families receive the full benefit of them.

INTRODUCTION

It’s another busy day in pediatric practice, even before you receive the telephone call
from the state newborn screening program. One of your newborn patients has an
out-of-range result* on the screen for a rare but serious congenital condition. “Now
what?” you wonder, as you begin to take down the notes. What additional testing is
needed? What is the treatment regimen, and when does it begin? What do you tell the
parents? And, what do you do about the rest of your schedule?

In the past decade, new technologies have led to a rapid expansion in the number
of congenital conditions that are targeted in state newborn screening programs. As
newborn screening programs expand, the likelihood increases that individual
pediatricians will one day receive an out-of-range screening result for an unfa-
miliar congenital condition for one of their patients.

In 2005, the American Academy of Pediatrics (AAP) endorsed a report from the
American College of Medical Genetics (ACMG), which recommended that all
states screen newborn infants for a core panel of 29 treatable congenital conditions
and an additional 25 conditions that may be detected by screening (Appendix 1).1

The Secretary of Health and Human Services’ Advisory Committee on Heritable
Disorders and Genetic Diseases in Newborns and Children (ACHDGDNC)† also
adopted that report. Some states are now screening for more than 50 congenital
conditions, many of which are rare and unfamiliar to pediatricians and other

*A note about language: although physicians often think of screening results as being “normal/abnormal” or “negative/positive,” laboratories use themore specific language of “in range” and “out
of range” to report results. We felt that it was appropriate to use and promote this language for the sake of clarity and consistency. For ease of reading, we use “parent” as a generic term to connote
the adult who is responsible for a child’s health care; we recognize that adults other than the biological parentmay serve in this role. Where implications of congenital disorders are discussed, these
obviously affect only those persons who are related biologically. In some circumstances, a primary care physician may suggest that the biological parent be contacted regarding congenital
conditions, even if that parent is not the current primary caregiver for the child.
†A federal advisory committee to the Secretary of Health and Human Services, the ACHDGDNC advises and guides the Secretary regarding the most appropriate application of universal newborn
screening tests, technologies, policies, guidelines, and programs for effectively reducing morbidity and mortality in newborns and children having or being at risk for heritable disorders.

www.pediatrics.org/cgi/doi/10.1542/
peds.2007-3021

doi:10.1542/peds.2007-3021
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primary health care professionals. In the foreseeable fu-
ture, screening programs will likely adopt screening
technologies that will further expand the number of
conditions screened and tests offered.

The ACMG, with the support of the Health Resources
and Services Administration (HRSA) Maternal and Child
Health Bureau (MCHB), has developed and maintains
Web-based resources it calls action (ACT) sheets to guide
pediatricians through preliminary responses to out-of-
range newborn screening results. These brief reference re-
sources provide a focused, single-page summary of differ-
ential diagnoses, descriptions of the condition, actions to be
taken by the pediatrician, diagnostic evaluation, clinical
considerations, reporting requirements, and links to addi-
tional resources. ACT sheets are designed to be supple-
mented by state-specific information regarding referral re-
sources. Many state-program Web sites have additional
program-specific educational information; links to these
program Web sites are readily accessible through an inter-
active map maintained by the National Newborn Screening
and Genetics Resource Center (http://genes-r-us.uthscsa.
edu/resources/consumer/statemap.htm).

Advances in newborn screening technologies and the
availability of resources such as ACT sheets are aimed at
improving health outcomes for affected children. To op-
timize this potential, primary care pediatricians (PCPs)
must effectively engage the newborn screening program
in their state. PCPs who treat patients who routinely
cross state borders for care will likely engage multiple
newborn screening programs.

The primary goals of this statement are to:

● delineate the responsibilities of PCPs and pediatric
medical subspecialists within the newborn screening
program;

● introduce 2 algorithms that, together, outline a clear
and efficient pathway through the process of fulfilling
those responsibilities; and

● outline resources that will support PCPs in addressing
these responsibilities.

In addition to these primary goals, this statement
addresses the steps that individual PCPs and practices
must take to prepare for these responsibilities. We also
recognize the significant roles other health care profes-
sionals and agencies have on the newborn screening
system and identify ways these other entities can sup-
port PCPs and improve newborn screening and, there-
fore, advance improved health outcomes for newborns
across the nation.

Limitations of This Statement
State newborn screening systems vary in their specific
structure, procedures, and practices; this statement is
focused on the core elements that are common to most
state newborn screening systems. Newborn screening is
increasingly being offered by commercial laboratories
that market directly to parents and pediatric health care
professionals. These programs introduce another layer of
variation, which is beyond the scope of this statement.

Adequate funding of all aspects of newborn screening

systems is necessary to ensure optimal performance of
the system. This statement includes some general rec-
ommendations to promote such funding, and the AAP
supports efforts to address financing for the nation’s
newborn screening systems and their constituent parts.
Detailed recommendations for addressing the myriad
challenges of system financing lie beyond the purview of
this document.‡

Limitations of Newborn Screening
It is important to emphasize that newborn screening panels
do not include all possible congenital conditions, and re-
sults for conditions on the panel should not be considered
diagnostic. Thus, an in-range newborn screening result
does not eliminate the possibility that a clinically symptom-
atic child has a congenital condition. Congenital conditions
must be considered whenever an infant has signs or symp-
toms that are suggestive of (or consistent with) one of the
disorders that can be detected by newborn screening.

An important goal of newborn screening is to identify
infants with treatable congenital conditions before they
become symptomatic. However, clinicians who care for
children must be aware that some screened conditions may
present with clinical deterioration before notification of
newborn screening results. Pediatricians and emergency
care physicians are often among the first health care pro-
fessionals to encounter symptomatic infants, so they
should be knowledgeable about the newborn screening
program, ACT sheets for suspected conditions, and local or
regional pediatric medical subspecialists to whom infants
can be referred. The state newborn screening program
usually can provide information about suspected condi-
tions and expedite the newborn’s follow-up confirmatory
testing and care.

THE ALGORITHMS
The PCP plays several significant roles in the newborn
screening system. In addition to responding to out-of-
range newborn screening results, the PCP serves as a
central source of education for parents regarding multi-
ple aspects of the newborn screening system; the PCP
also has responsibility for ensuring that newborn screen-
ing has been conducted, which can include providing
education and encouragement to parents who decline
screening. Finally, the PCP must ensure coordinated and
comprehensive care for children affected by congenital
conditions that are identified through newborn screen-
ing. The medical home provides a model for such care;
the algorithms presented here address the specific roles
of a medical home provider within the newborn screen-
ing system (Figs 1 and 2).

3- to 5-Day-Old Visit
The AAP2 and Bright Futures3 recommend neonatal fol-
low-up visits in a child’s medical home shortly after

‡For guidanceon theCurrent Procedural Terminology (CPT) codes appropriate for use in the care
of children who are identified as having congenital disorders, PCPs should refer to Rappo MA,
Rappo PD. A special issue: coding for children with special health care needs. AAP Pediatric
Coding Newsletter. January 2007. Available at: http://coding.aap.org/newsletterarchive.aspx.
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hospital discharge (3 to 5 days of life) and again by 1
month of age to ensure adequate weight gain, resolve
neonatal concerns such as hyperbilirubinemia, and ad-
dress parental questions. At the 3- to 5-day-old visit, the
PCP should check for circumstances suggesting that
newborn screening might not have been conducted.

Concern That Newborn ScreeningWas Not Conducted?
In most cases, newborn screening will occur as a result
of standing orders at a hospital or birthing facility. In
these cases, the PCP can address other aspects of the
visit.

There are circumstances, however, under which the
PCP might have cause for concern that the newborn
screening was not performed. These circumstances in-
clude, but are not limited to, home births, emergency
births, hospital transfers, and international adoption. In

FIGURE 1
Algorithm 1. NBS indicates newborn screening program (see Appendix 2).

FIGURE 2
Algorithm 2. NBS indicates newborn screening program; CSHCN, child with special health care needs (see Appendix 3).
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addition, although most states mandate newborn
screening, most jurisdictions provide parents with the
right of refusal (see “Parents Decline Newborn Screen-
ing?”).

If available discharge papers do not indicate that the
newborn screening has been performed, the PCP should
make arrangements for specimen acquisition.

Parents Decline Newborn Screening?
If parental refusal is the reason that newborn screen-
ing has not been conducted, or if parents refuse new-
born screening suggested by the PCP, the PCP should
discuss the possible implications of nontesting and
supply the parents with printed materials on newborn
screening. Educational materials for parents and PCPs
can be accessed through the AAP Web site (www.
medicalhomeinfo.org/screening/newborn.html).

Provide Parent Education
Parent concerns and questions should be addressed fully,
and a discussion of the general benefits and limited risks
of newborn screening is recommended. More familiar
conditions, such as congenital hearing loss, phenylketo-
nuria, and sickle cell disease, may be used as examples.

If parental permission is obtained, arrangements for
specimen acquisition should be made immediately, and
newborn screening should be ordered.

Order Newborn Screening
Newborn screening is conducted through the state newborn
screening program, and protocols for ordering the screening
vary by state. Contact information for each state’s newborn
screening program is available (see Appendix 4 and http://
genes-r-us.uthscsa.edu/resources/consumer/statemap.htm).

Obtain Waiver
If parental permission is not obtained, parents or guard-
ians should be asked to sign a waiver that documents
their decision to decline newborn screening. In many
cases, parents already will have signed a waiver at the
hospital. PCPs should document the additional conver-
sation and the parents’ decision in the patient’s chart
and may wish to include a waiver signed in the PCP’s
office. A sample waiver form is included as Appendix 5;

appropriate waiver forms should also be available
through the state health department.

Flag the Charts of Unscreened Patients
In addition to documenting the discussion of newborn
screening and the parents’ refusal to consent to the
screening, PCPs should flag the chart of any patients
who are not screened so that the lack of screening will be
taken into account should any subsequent concerns
emerge regarding the child’s growth or development.
Vomiting, poor growth, seizures, developmental delay,
lethargy, recurrent pneumonia, or poor feeding should
prompt an evaluation that includes consideration of her-
itable conditions.

The chart note should also prompt the pediatrician to
return to the question of newborn screening on subse-
quent visits to determine if the parents have changed
their minds. The usefulness of screening after the neo-
natal period varies by condition, and use of state new-
born screening systems for older infants varies by pro-
gram.

Special Circumstances
For cases in which newborn screening is delayed because
of previous parental refusal, because the infant was re-
ceiving total parenteral nutrition, or because of circum-
stances such as international adoption or an older infant
entering care, the PCP should consult with the state
newborn screening program regarding the availability
and usefulness of the newborn screening protocol.

Newborn screening may not be ordered or may re-
quire an additional specimen in the case of preterm
births, transfusion before screening, and other circum-
stances.4 In these cases, the PCP should consult with a
neonatal specialist.

In every circumstance, until and unless newborn
screening is conducted, the patient’s chart should be
flagged to ensure that the lack of newborn screening is
considered during ongoing care.

Results Received
In the case of an invalid or out-of-range screening result,
the pediatrician identified on the newborn screening
card should be called by the state newborn screening
program in accordance with the urgency of the need for
clinical intervention. In-range results are often transmit-
ted by mail and should arrive before the 2- to 4-week
visit.



45NEWBORN SCREENING EXPANDS: RECOMMENDATIONS FOR PEDIATRICIANS AND MEDICAL HOMES—IMPLICATIONS FOR THE SYSTEM

2- to 4-Week Visit
The PCP cannot assume a “no news is good news” ap-
proach with regard to newborn screening. Delays or
procedural failures at hospitals, state laboratories, other
facilities, or within the newborn screening program may
result in late or lost results. An infant’s medical fol-
low-up may not occur as planned, or newborn screening
results may go directly to the child’s birth facility instead
of the infant’s medical home.

Are Newborn Screening Results Available?
Office staff should check routinely for newborn screen-
ing results before the 2- to 4-week visit and pursue
missing results before the visit. Using electronic-chart
prompts or paper-chart templates for newborn visits will
remind office staff to seek out newborn screening re-
sults.

Call for Newborn Screening Results
If newborn screening results are not available before the
2- to 4-week visit, the PCP should contact the state
newborn screening program or the birthing facility for
the results. An increasing number of state newborn
screening programs have automated interactive tele-
phone- or Internet-based systems through which pedi-
atric offices can check for newborn screening results at
any time.

Special Circumstances
Occasionally, newborn screening results may be sent to
the nonprimary physician; a physician who provides
hospital or perinatal care for the infant may be noted on
the newborn screening card even if he or she is not the
infant’s medical home physician. Clerical or other errors
also may result in a physician who is unconnected to the
child receiving the newborn screening results. However,
the name on the card implies responsibility for the re-
sults, and physicians who receive results for patients
who are no longer in their care should collaborate with
the state newborn screening program and, in some in-
stances, the hospital or birthing facility to locate the
infant’s family and/or current provider and to proceed
with appropriate follow-up until the responsibility for
subsequent care is clearly established. Physicians who
receive results for patients with whom they or their
colleagues have had no interaction should also notify the
state newborn screening program immediately.

Screening Results?
The state newborn screening program will report results
to the child’s physician of record as being in range,
invalid, or out of range. Appropriate responses to each of
these results are discussed in the next sections.

Document In-Range Screening Results and Reassure Family
In-range newborn screening results should be noted in
the infant’s chart and shared with the parents or guard-
ians. In reassuring the family, the PCP should keep in
mind that newborn screening does not rule out congen-
ital conditions that are not included in the panel and
does not absolutely guarantee the absence of the condi-
tions that are screened. The PCP might note, however,
that false in-range results are quite rare and the family
can be reassured that their child is unlikely to be affected
by conditions for which screening was performed.

Special Circumstances
Nine states (Arizona, Colorado, Delaware, Nevada, New
Mexico, Oregon, Texas, Utah, and Wyoming) mandate
an additional screening when the infant is 1 to 2 weeks
old on the basis of the belief that a second screening is
necessary to identify the maximum number of children
with genetic disorders. A second screening is recom-
mended for all infants in several other states, and ap-
proximately 25% of all US newborn infants currently
receive 2 screenings. The relevance of second screenings
for endocrinopathies is the subject of a study currently
being designed by the MCHB. PCPs should familiarize
themselves with their state’s policies and procedures. If a
second screening is ordered, it can be introduced and
explained to parents within the context of state policies
and the current limitations to newborn screening tech-
nologies discussed previously.

Reorder Newborn Screening
If the specimen is invalid (eg, collected too early, inad-
equate specimen, poor drying or application technique,
inadequate or illegible patient information), the infant’s
newborn screening must be reordered and blood re-
drawn. This screen should be completed promptly to
optimize the availability of results. PCPs must be familiar
with local protocols for rescreening and should contact
parents immediately to direct them to the site at which
the second blood specimen will be obtained.
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Consult ACT Sheets and State Newborn Screening Program
An out-of-range result on the newborn screening panel
is not a diagnosis. However, some congenital conditions
can be rapidly fatal in infants who appeared entirely
healthy a few days earlier; thus, out-of-range screening
results should always lead to prompt action by the PCP.

If the state newborn screening program does not pro-
vide the ACT sheet specific to the condition for which an
out-of-range result was obtained, the PCP should down-
load it (www.acmg.net/resources/policies/ACT/condition-
analyte-links.htm).

The ACT sheet should be reviewed and followed in its
entirety, but the most important actions are highlighted.
These actions include:

● when to contact the family;

● whom to consult and whether an appointment is
needed immediately;

● when the patient must be seen by the PCP;

● whether additional confirmatory testing is needed and
what tests should be conducted;

● whether treatment is necessary and what treatment to
initiate;

● how to educate parents about the condition; and

● when findings need to be reported back to the new-
born screening program.

In addition to following ACT sheet recommendations,
the PCP should consult with the state newborn screen-
ing program regarding out-of-range results. The state
program should be familiar with local or regional experts
for the conditions on their screening panels. In some
states, the programs fund subspecialty clinics to conduct
diagnostic evaluations and provide short-term and/or
long-term subspecialty care to infants with out-of-range
screening results.

Condition Identified?
After an out-of-range screening result is obtained, con-
firmatory testing and/or definitive consultation with
subspecialists are required before a final diagnosis can be
made.

To increase the sensitivity of a population screening
test for rare conditions (and hopefully minimize the
number of false in-range results missed), false out-of-
range results are expected to occur, and false out-of-
range results are significantly more frequent than true
out-of-range results for most newborn screening tests.
However, given the seriousness of the congenital condi-
tions included in the newborn screening panel, the PCP
must avoid complacency in the face of out-of-range
results. Until confirmatory testing and/or definitive con-

sultation with subspecialists can be accomplished, all
out-of-range results must be taken very seriously.

Special Circumstances
In addition to true or false out-of-range results, confir-
matory tests may identify the child as a carrier of the
condition or may lead to an indeterminate result.

Carriers are individuals who are heterozygous for an
autosomal-recessive condition and are usually not at risk
of health problems themselves, although this may vary
with the condition. Many state programs notify the PCP
that the infant has been identified as a carrier, and it may
be the responsibility of the PCP to disclose and discuss
these results with the parents.

Knowledge of carrier status has 2 implications. First,
because most of the conditions tested for on newborn
screening are autosomal-recessive in inheritance, it is
highly probable that at least 1 of the parents is a carrier
also, and both parents might be carriers. If both parents
are carriers, they have a 1-in-4 chance with each preg-
nancy of having an affected child. Alerting parents to the
carrier status of their child serves to alert them that they
may be at increased risk of having an affected infant with
their next pregnancy. (When newborn screening results
lead to genetic testing of the parents, pediatricians
should be aware that misattributed paternity could be
identified. Discussion with a geneticist or genetic coun-
selor about how to manage these sensitive results may
be helpful.)

The second implication of identifying a newborn as a
carrier is that the infant will be at an increased risk of
bearing an affected child when he or she achieves repro-
ductive age if his or her future partner also is a carrier for
the same condition. The risk is largely determined by the
prevalence of the condition within the population, and
additional genetic counseling may be warranted.

Occasionally, confirmatory diagnostic test results will
not result in a definitive diagnosis. Uncertain results can
be distressing to parents and PCPs, so thorough consul-
tation with a subspecialist is essential. Unfortunately,
indeterminate results may not be possible to resolve
without more knowledge about some of these condi-
tions and longer-term follow-up of these children.

At this point, it is incumbent on the PCP and the
subspecialist to maintain an ongoing collaboration and
continue to monitor the infant for signs and symptoms
of a suspected condition. Children with uncertain results
should have their chart identified for close monitoring.
Good communication between the PCP and the consult-
ing subspecialist is essential at this point to ensure that a
unified message is conveyed to parents.

Document False Out-of-Range Results and Reassure Parents
In the event that the initial out-of-range result proves to
be a false out-of-range result, the PCP can provide reas-
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surance to parents. However, research that evaluated
parents of infants with false out-of-range results has
suggested that 5% to 20% of these parents will persist in
their concerns about the health of their children for
months or years after screening.5–9 Therefore, PCPs
should not take the event of a false out-of-range result
too lightly and may wish to discuss this issue with par-
ents on subsequent visits to provide additional reassur-
ance and eliminate any misconceptions.

Provide Parent Education
To lay the foundation for comprehensive and collabora-
tive care, it is critical during this time of uncertainty that
the parents and family of the neonate be provided with
condition-specific information and support as they await
final clarification of the child’s diagnosis and begin to
plan for treatment and management. Parents are usually
intensely anxious about the health of their child while
the diagnosis is being pursued, and increasingly, parents
are adept at tapping into resources on the Internet about
specific conditions. Frequent, specific, and supportive
communication from the PCP will help to avoid confu-
sion and build trust. Appropriate materials for distribu-
tion to parents have been produced by the AAP (www.
aap.org), the American College of Obstetricians and
Gynecologists (ACOG [www.acog.org]), and MCHB/
HRSA (www.mchb.hrsa.gov/screening). State newborn
screening programs may also make educational materi-
als available to health care professionals.

Identify the Child as a Child With Special Health Care Needs
and Initiate Chronic Care Management
Any child who is given a diagnosis of a significant med-
ical condition should be identified by the medical home
physician as a child with special health care needs. Such
a child should be entered into the practice’s children
with special health care needs registry, and chronic con-
dition management should be initiated. Chronic care
management provides proactive care for children with
special health care needs, including condition-related
office visits, written care plans, explicit comanagement
with subspecialists, appropriate patient education, and
effective information systems for monitoring and track-
ing the child’s condition.10

IMPLEMENTING THE ALGORITHM

Role of the Medical Home
Regardless of diagnosis, every child needs a medical
home to ensure coordinated and comprehensive care
such that all of the medical, psychosocial, and educa-

tional needs of the child and family are met successfully
within the local community. The PCP is responsible for
providing a medical home.

Some conditions identified by newborn screening are
relatively mild and or/transitory, and others have a wide
spectrum of severity from asymptomatic to life-threat-
ening crises. Plans for continuing care should be made in
consultation with the family and appropriate subspecial-
ists in light of the condition affecting the child and the
severity of its manifestation. In some cases, the PCP may
provide all or most of the ongoing care.

In other cases, the family may view their subspecialist
as their primary care physician. Although a subspecialist
may provide substantial ongoing care for a child who has
been diagnosed with a severe and complex condition,
the PCP retains the responsibility for providing a central
source of “family centered, accessible, continuous, coor-
dinated, comprehensive, compassionate, and culturally
effective” care for the family.11 The parents and family
should be encouraged to maintain their relationship
with their PCP. This relationship is critical, especially for
cases in which the subspecialist is located at some dis-
tance from the family. In a crisis, the PCP may be the
only available provider with knowledge of the child; he
or she must have up-to-date information regarding the
child’s treatment.

The complex nature of many conditions identified by
newborn screening may require care by a team of med-
ical subspecialists, therapists, nutritionists, and educa-
tors.12 The PCP and other professionals involved in the
child’s care must collaborate in the provision of acute
care for illness or injury; surveillance of growth and
development; anticipatory guidance to the family; im-
munizations; communications with schools, social ser-
vices, and camps; transitions in care; and communica-
tion with other care professionals. In any case, clearly
defined roles may help to reduce redundancies of ser-
vices and prevent fragmentation of care.

The medical home should actively engage public and
private resources to aid in the management of chronic
conditions. Public health nursing provided through
some state public health departments’ maternal and
child health programs often has a role in assisting PCPs,
subspecialists, and families of children with conditions
that are diagnosed through newborn screening. The
level of public health nursing may vary from simply
providing information and referrals to assisting with
chronic condition management for a family.

If there is not a local health department or nursing
service, PCPs may contact their state maternal and child
health department (Title V) and the directors of pro-
grams for children with special health care needs
through the state department of public health to obtain
information on the availability of local family services;
the state department of education for contacts with
school nurses; and the early intervention agency (Indi-
viduals With Disabilities Education Act Part C) for con-
tact information for the local early childhood connec-
tions program. Although the state resources for public
health vary greatly from state to state, almost all com-
munities have one or all of these resources available for
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families. The national organization Family Voices (www.
familyvoices.org) can provide information on local orga-
nizations and agencies that can offer resources to fami-
lies with children with special health care needs and can
assist families in accessing community services.

For additional information regarding care coordina-
tion, see the AAP policy statement “Care Coordination
in the Medical Home: Integrating Health and Related
Systems of Care for Children With Special Health Care
Needs.”13

Role of the Subspecialist
For most of the conditions that may be detected through
newborn screening, the subspecialist will confirm the
diagnosis, develop the treatment plan, educate the fam-
ily about the treatment, monitor treatment, identify
complications related to the disease process that may
require additional referral, and work with other consult-
ants in coordination of care. When acute illness exacer-
bates the condition, the PCP should work with the sub-
specialist to diagnose the acute illness and manage it
appropriately to reduce morbidity.

Some children with conditions identified through
newborn screening will have long-term sequelae that
will require ongoing subspecialty management despite
appropriate early intervention. Many of these children
will have mild neurodevelopmental disabilities that may
present as learning difficulties, attention-deficit/hyper-
activity disorder, or other behavioral problems. How-
ever, in some instances, more significant cognitive and
motor deficits and/or problems that adversely affect the
child’s feeding skills and respiratory status may be
present. It is essential that the PCP provide ongoing
screening and surveillance for these developmental dis-
abilities.

Even with appropriate treatment, patients with cer-
tain conditions identified through newborn screening
can undergo metabolic decompensation during an acute
febrile illness. PCPs need to be aware of the initial clinical
signs and laboratory abnormalities that may be found
when metabolic decompensation occurs and be able to
provide immediate intervention to stabilize the child
until more specific advice can be obtained from the
appropriate treating subspecialist. Effective communica-
tion among subspecialists as well as between each sub-
specialist and the PCP is essential for optimal long-term
management of these children.14 Long-term responsibil-
ities of the subspecialist, in collaboration with the PCP,
include:

● Providing genetic counseling and evaluation: Because
the majority of conditions diagnosed through new-
born screening are hereditary, genetic evaluation and
counseling will be necessary for the parents. Older
siblings may be affected with the condition but not yet
symptomatic; diagnostic studies may be indicated for
the siblings, and other relatives may wish to undergo
carrier testing. The PCP, the state newborn screening
program, and subspecialists are jointly responsible for
ensuring that referral for genetic services occurs.

● Providing ongoing parent education and links to avail-
able resources: Resources for managing the condition
should be made available to the patients and their
families. Subspecialists, the PCP, and the state new-
born screening program should collaborate in making
appropriate referrals to programs for children with
special health care needs, childhood early intervention
programs, community-based support services, and ad-
ditional subspecialists who are needed to evaluate and
manage associated disabilities. Information from dis-
ease-specific advocacy organizations, along with par-
ent brochures and guidance for child health care pro-
fessionals, may be available through the subspecialist.
The Genetic Alliance, a coalition of advocacy groups,
serves as another national resource for parents (www.
geneticalliance.org). The National Library of Medicine
also has material on every condition in the expanded
ACMG-recommended panel (http://ghr.nlm.nih.gov).

● Assisting in the transition to adult care: When transi-
tion to adult care is appropriate, the subspecialist will
work with the PCP to identify a new team of physi-
cians to care for the young adult. As adolescence pro-
ceeds, additional genetic counseling and preparation
for family planning are appropriate.

RECOMMENDATIONS

Preparing the Practice
Before receiving notice of an out-of-range newborn
screening result from their state newborn screening sys-
tem, PCPs can take several steps to enhance their ability
to successfully address their roles and responsibilities
within the newborn screening program.

1. PCPs should familiarize themselves with their state
newborn screening program via available (online)
resources or, if necessary, by contacting the state
program. PCPs should develop some familiarity with
the conditions being screened and basic operations of
their state newborn screening program, including
protocols for retesting invalid screening results and
conducting second screenings. PCPs should identify
the person(s) with whom they should consult in the
case of an out-of-range screening result and ensure
that contact information is readily available.

2. State-specific contact information for regional pedi-
atric medical subspecialists should be collected and
kept on file in the PCP’s office.

3. Procedures to address several steps of the algorithm
should be developed in advance. These procedures
include:

a. updating contact information for the state new-
born screening program and regional pediatric
medical subspecialists;

b. identifying children who are most likely not to
have had newborn screening;

c. confirming receipt of newborn screening results on
all patients;
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d. obtaining newborn screening results when they
are not received from the state program;

e. documenting parental refusal of newborn screen-
ing; and

f. obtaining newborn screening specimens in the
case of lost, delayed, or invalid results (the CPT
code for retesting is 84030, and the diagnosis code
is 270.10; PCPs should check with insurers to as-
sess reimbursement).

4. PCPs should establish registries to identify, follow,
and provide chronic condition management for chil-
dren with special health care needs.

5. Educational materials regarding newborn screening
should be on hand to distribute to expectant parents,
parents who may decline newborn screening, and par-
ents whose child’s screening returns an out-of-range or
inconclusive result. These materials should be available
in languages and at literacy levels appropriate to all
patients served. Appropriate materials for distribution to
parents have been produced by the AAP (www.
medicalhomeinfo.org/screening/newborn.html),
ACOG (www.acog.org), and MCHB/HRSA (www.
mchb.hrsa.gov/screening). State newborn screening
programs may also make educational materials avail-
able to health care professionals.

Care coordination plays an essential role in ongoing
efforts to integrate health and related systems of care for
children and youth with special health care needs.15

Becoming aware of available resources, being involved
in the care coordination process, and developing unique
care coordination approaches within one’s own practice
and community and in relationship with existing tertiary
care centers are essential for providing optimal care for
children with special health care needs. Families, PCPs,
and other professionals can collaborate meaningfully to
provide effective coordinated care.13,15

PCPs are also encouraged to participate in state, re-
gional, or national registries; quality assurance pro-
grams; and/or research projects designed to enhance the
care of children with the rare and complex conditions
included in the newborn screening panel. They are also
encouraged to seek opportunities for additional training
and learning about state newborn screening programs
and the conditions for which infants are screened and to
work with their local AAP chapter and state newborn
screening advisory committee (SNSAC) to advance the
quality and effectiveness of the newborn screening sys-
tem at the state and federal levels.

CollaborationWith Other Health Care Professionals
The goals of ensuring the successful operation of the
newborn screening system and advancing optimal care
for infants and their families cannot be accomplished by
PCPs alone. Effective collaboration and communication
among PCPs and other clinicians and among the systems
of care that engage the newborn screening system will
ensure the best outcomes for infants and families. In
light of this necessary collaboration, recommendations
have been developed for prenatal health care profession-

als, hospitals and other birthing facilities, pediatric med-
ical subspecialists, states and SNSACs, and federal agen-
cies.

Prenatal Health Care Professionals
The prenatal period provides an ideal opportunity to
begin to educate a family regarding the importance of
newborn screening and the risks and benefits of early
identification of the conditions identified through
screening. The ACOG Committee on Genetics has as-
serted that “[o]bstetricians need to be aware of the status
of newborn screening in their states and should be pre-
pared to address questions or refer their patients to
appropriate sources for additional information.”16 The
following specific steps can help bring the awareness and
knowledge of the obstetrician to bear in preparing a
family for newborn screening and promoting the func-
tion of the newborn screening system.

1. Prenatal health care professionals are ideally positioned
to educate expectant parents about the newborn
screening program in conjunction with the prenatal
screening program. The obstetrician is encouraged to
begin the education early enough to allow patients the
opportunity to ask questions that will assist them in
understanding the purpose of newborn screening, its
implementation, and the importance of test results and
follow-up. Concise, clear, and comprehensive educa-
tional materials and/or video presentations already in
existence should be made available to expectant parents
during the prenatal period. Appropriate materials are
available from the AAP (www.medicalhomeinfo.org/
screening/newborn.html) and the National Library of
Medicine (ghr.nlm.nih.gov/nbs).

2. Prenatal health care professionals should strongly en-
courage prospective parents to identify a medical
home for their infant early in pregnancy. When the
mother presents for postpartum care, the prenatal
health care professional can further support the med-
ical home by inquiring about the infant’s well-being
and follow-up care.

3. If an infant is lost to follow-up to the newborn
screening program, prenatal health care professionals
should assist in locating the family.

Hospitals and Other Birthing Facilities
In most cases, it is the facility at which the infant is
delivered that is initially responsible for processing the
newborn screening specimen. It is essential that these
facilities have policies and procedures in place to ensure
high-quality specimen processing and prompt delivery
to the designated screening laboratory.

1. Particular attention should be brought to the devel-
opment of protocols for:

a. Repeat screening of invalid specimens.

b. Documenting parental refusal to consent to new-
born screening: Parents should be asked to sign a
waiver form that documents not only their refusal
to consent to newborn screening but also their
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understanding of the program and its purpose and
the risks associated with their refusal.

c. Adequate training of clinical and laboratory staff
and quality assurance programs focused on high-
quality specimen processing: Appropriate and
complete information regarding the infant, con-
tact information, and medical follow-up must be
gathered and submitted with specimens.

d. Assisting public health authorities in locating in-
fants who are lost to follow-up: If the infant’s
medical home is not clearly identified, the facility
at which the child was born should assume re-
sponsibility for notifying the family of an out-of-
range screening result and referring for additional
diagnostic testing and subspecialty care.

2. Identification of the medical home or site of medical
follow-up should be established as a condition for
discharge.

3. Discharge materials should clearly indicate whether
newborn screening was conducted and should iden-
tify the PCP and the in-hospital managing physician
for later contact, if needed.

4. Hospitals and other birthing facilities should ensure
the availability of printed and/or video educational
materials, presented in concise and understandable
language, to all families, including those whose pri-
mary language is not English. These materials should
address the purpose of newborn screening, the risks
and benefits associated with newborn screening, and
the consequences of delaying or refusing newborn
screening.

5. Opportunities for further discussion or questions
should be made available with either the family’s
chosen PCP or staff members who are knowledgeable
about the screening process and the conditions for
which screening is conducted.

Pediatric Medical Subspecialists
Pediatric medical subspecialists play several roles in the
care of children who have out-of-range results from
newborn screening: they conduct confirmatory testing,
care for the primary condition of infants who are af-
fected by congenital diseases, and collaborate in the care
of children with disabilities associated with some of the
diseases identified through newborn screening. In ful-
fillment of these roles:

1. Pediatric medical subspecialists should assist the state
newborn screening program in the development of
educational materials for the public, families, PCPs,
the state newborn screening program, and policy
makers on specific conditions identified by newborn
screening.

2. Pediatric medical subspecialists should serve on their
SNSAC.

3. Pediatric medical subspecialists should respond
promptly to requests for diagnostic and management
services to infants with out-of-range screening results

and children with conditions identified by newborn
screening. Findings from clinic visits, laboratory studies,
imaging studies, and diet and medication changes
should be communicated promptly to the PCP, state
newborn screening programs, other pediatric medical
subspecialists, and the family (as appropriate).

4. Pediatric medical subspecialists should underscore
the importance of maintaining a medical home rela-
tionship with the PCP for the infant identified with a
condition through newborn screening.

5. Pediatric medical subspecialists should assist in the
identification of associated disabilities and appropri-
ate referral to other subspecialists for management.

6. Pediatric medical subspecialists should assist in the
development of condition-specific protocols for the
treatment of acute illness or injury and in the devel-
opment of the child’s care plan for school, activity
restrictions, and special feeding/diet programs. Pedi-
atric medical subspecialists should also work with the
PCP, the family, and other subspecialists to delineate
each person’s role in managing acute illnesses, estab-
lishing relationships with schools and therapists, pro-
viding immunizations, working with social services
and camps, and maintaining contact with insurers.

7. Pediatric medical subspecialists should provide ongo-
ing education to the family and PCP about new de-
velopments and treatments for the condition and as-
sociated disabilities.

8. Pediatric medical subspecialists should work with the
PCP and other subspecialists in identifying appropri-
ate adult health care professionals for the transition to
adult care.

State Systems
The state’s role in newborn screening is to design, coor-
dinate, and manage an effective newborn screening sys-
tem. It has traditionally been the state’s responsibility to
oversee key aspects of the newborn screening system,
including initial screening, confirmation of diagnosis,
and coordination of short-term follow-up for infants
with out-of-range screening results as well as longer-
term care for children with special health care needs.
Ultimately, the state must maintain an adequate public
health infrastructure to ensure that every newborn in-
fant receives appropriate care.

The AAP Newborn Screening Task Force set forth a
broad agenda for state newborn screening systems in its
statement published in 2000.17 In addition to addressing
the recommendations that follow, states are urged to
consult that AAP statement for guidance in developing
and supporting an effective and comprehensive new-
born screening system.

To ensure the appropriate and effective function of
newborn screening systems, the following recommenda-
tions must be addressed immediately:

1. States must monitor specimen collection and trans-
mission of information between screening hospitals,
the testing laboratory, and individual practitioners.
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2. Identification of the follow-up medical home must
be required on all newborn screening specimens.16,18

3. Laboratory collection and handling procedures must
be clearly delineated at every site at which newborn
screens are obtained or processed. State newborn
screening laboratories are expected to maintain up-
to-date technology and procedures and be prepared
to implement recommended changes in the new-
born screening process.11

4. Practical mechanisms should be established for re-
testing infants whose newborn screening results are
indeterminate/invalid regardless of the cause.

5. Procedures should be adopted to ensure that the
medical home is notified of out-of-range screening
results by telephone on a schedule consistent with
the urgency of the need for intervention. In the case
of urgent out-of-range results, a designated medical
subspecialist may be notified in addition to the med-
ical home; the newborn screening program may
need to contact the family if efforts to contact phy-
sicians are not successful.

6. Procedures should be adopted to ensure that in-
range and invalid screening results are available to
the medical home within 2 weeks of an infant’s
birth.

7. When out-of-range screen results are reported, the
appropriate updated ACT sheet (or equivalent) and
state-specific referral information should be for-
warded immediately to the PCP.

8. States must have policies and procedures in place to
locate children who have not established a medical
home and to ensure that all newborn infants with
out-of-range screening results receive appropriate
diagnostic follow-up and subspecialty care.

9. States must provide clinicians with contact informa-
tion for their newborn screening program coordina-
tor and ensure that clinicians are updated promptly
should any changes occur.

10. Public health agencies and maternal and child
health programs should assist with care coordina-
tion for patients with special health care needs and
their families.

Because states play a significant educational role in
the newborn screening system, the following are recom-
mended:

11. With direction from the SNSAC, states should de-
velop and facilitate distribution of clear and concise
educational materials for families at prenatal visits
and in the hospital at the time of delivery. Condi-
tion-specific materials must be developed for fami-
lies whose infants have out-of-range screening re-
sults; these materials include an explanation of test
results, appropriate educational materials on the
tested condition, referral for additional diagnostic
testing, and referral for subspecialty care. Educa-
tional materials developed by the AAP, ACOG, and
HRSA/MCHB may be used and/or supplemented

with materials developed by the state. These mate-
rials can be accessed at www.medicalhomeinfo.
org/screening/newborn.html or mchb.hrsa.gov/
screening.

12. The state must develop educational information for
medical professionals that outlines their responsibil-
ities in the newborn screening process.

Finally, there are a number of steps that can be taken
to improve the operation of the newborn screening sys-
tem, including the following:

13. To prevent delays in processing when screening oc-
curs on the weekend, the newborn screening labo-
ratory responsible for state screening should operate
at least 6 days a week, with coverage for holidays.
Rapid turnaround time for results is essential for
prompt diagnosis and treatment of metabolic condi-
tions.

14. Information systems through which clinicians could
directly download newborn screening results should
be developed. Policies and regulations must be de-
veloped concurrently to protect privacy and confi-
dentiality rights.

15. States should develop and implement information
systems that facilitate the tracking of infants across
state lines through communication and integration
of data across newborn screening systems.

16. States must develop and implement policies that
allow for interstate licensure and practice of medi-
cine (including the use of telemedicine) to facilitate
consultation and communication to underserved ar-
eas and ensure the free flow of information across
state lines. There is a shortage of pediatric medical
subspecialists across the country and a complete
absence from more sparsely populated regions. This
challenge must be addressed cooperatively by the
states.

17. States should ensure the availability of ongoing care
for infants with out-of-range screening results who
lack health insurance and for those whose insurance
does not provide coverage for necessary services and
treatments. Medically required diets and vitamins
are among the treatments often excluded from cov-
erage provided by third-party payers.19

18. To promote greater understanding of the effects and
benefits of the newborn screening system, states
should develop information systems that are capable
of tracking the multitude of performance measures
for the newborn screening system and long-term
outcomes of children with special health care needs
identified through newborn screening. Performance
measures include diagnosis for and treatment of
infants with out-of-range screening results, cases
missed by newborn screening, false out-of-range re-
sult rates, time to diagnosis, parental involvement
and satisfaction, the social and psychological effects
on families of infants with out-of-range and false
out-of-range results, and family access to appropri-



SECTION 2: NEWBORN SCREENING52

ate and necessary services. Data to support the anal-
ysis of cost-effectiveness and cost benefit should also
be collected.

19. To provide national data for newborn screening sys-
tem quality assurance and program comparison,
state programs should contribute timely case find-
ings and laboratory data to the national newborn
screening data-collection system operated by the
National Newborn Screening and Genetics Resource
Center (www2.uthscsa.edu/nnsis).

20. SNSACs should be authorized in each state to help
implement and ensure the establishment of princi-
ples of universal access, clinician and community
education, remedial surveillance for accountability,
and quality of services for all infants. SNSACs should
be chartered with appropriate authority and pro-
vided adequate support to effectively fulfill the roles
outlined as follows.

State Newborn Screening Advisory Committees

1. SNSACs should comprise a balanced, representative,
and diverse membership. Representation by diverse
families and societal leaders should be balanced by
members of the health care community, including
clinicians in practice, representatives of hospitals and
professional organizations, and public health experts,
including the laboratories and the state. A diverse
clinician representation would include pediatricians,
obstetricians, family physicians, and nurse and mid-
wife practitioners. In addition, the panel must have
access to expert medical subspecialists, health care
researchers, and biostatisticians.

2. SNSACs should cooperate with the US Department of
Health and Human Services ACHDGDNC and other
federal agencies to promote consistency in newborn
screening throughout the nation.

3. SNSACs must work to advance state support and
development of the newborn screening system, with
particular attention to:

a. efforts to use health information technology to
advance clinician and family access to information
about newborn screening as well as screening and
follow-up services;

b. optimization and accurate interpretation of pri-
vacy laws;

c. implementation of a systems approach based on
the Institute of Medicine principles for patient-
centered safety, effectiveness, efficiency, timeli-
ness, and equity20;

d. efforts to provide unfettered access, through both
print and electronic media, to understandable ed-
ucation materials for families with diverse reading
and language abilities; and

e. development and distribution of resources for
PCPs.

4. SNSACs must address identified challenges of frag-

mented service delivery as well as geographic, cul-
tural, social, and financing barriers across county and
state lines.

5. SNSACs should promote a statewide report on new-
born health status for identifiable conditions and a
national newborn health report that provides data on
incidence, outcome, and community participation.

6. SNSACs must develop a mechanism for receiving
feedback from parents, medical home practitioners,
and subspecialists on the appropriateness of including
particular conditions in the newborn screening pro-
gram. This feedback should then be transmitted to the
ACHDGDNC.

7. Each SNSAC is encouraged to develop its own charter
and seek statutory establishment and state support.

National Partnerships
Although states remain responsible for newborn screen-
ing systems, federal agencies and national organizations
play a significant role in the newborn screening system
and in supporting families of children with genetic con-
ditions. Strengthening national partnerships between
federal agencies and professional, nonprofit, and family
organizations provides the opportunity for a coordinated
effort to increase the services offered to children with
genetic and congenital conditions in all stages of diag-
nosis, treatment, and follow-up. There are 4 critical
points of partnership for these groups: collaboration,
funding, oversight, and follow-up.

Collaboration

1. Health care professionals, nonprofit agencies, state
and federal public health programs, and families
should seek to build relationships with other groups
that focus on the newborn screening system. Rela-
tionships can be fostered through partnering on na-
tional initiatives, inviting other perspectives to serve
on project advisory committees, and establishing a
systematic method of receiving feedback from fam-
ilies.

2. Research should be performed on all aspects of new-
born screening systems, including parent and pro-
vider education, results management, laboratory
quality, residual specimen storage and use, and,
most importantly, efficacy of newborn screening for
each proposed condition. A national research
agenda for newborn screening should be outlined.
Input from federal agencies, professional associa-
tions, nonprofit organizations, and family support
organizations should be coordinated. Multistate or
national collaborations are often necessary to recruit
a sufficient number of affected infants to understand
the clinical spectrum of the disease and to compare
treatment strategies. Collaboration will be key in
conducting this research.

3. National partnerships should be developed and co-
ordinated to support state newborn screening sys-
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tems and encourage coordination, effective collabo-
ration, and decrease duplication.

Funding

4. Adequate third-party reimbursement, grant applica-
tions, nonprofit fundraising efforts, and other
sources of funding for newborn screening programs
should be pursued by those who seek to improve the
newborn screening system. Funding for the compo-
nents of the newborn screening system and long-
term care of children with genetic conditions comes
from a variety of sources including screening fees,
federal programs, state programs, nonprofit fund-
raising, insurance companies, and others, and such
funding is critical at all levels.

5. Because ongoing research in the areas of education,
results management, laboratory quality, and identi-
fying and treating genetic diseases is important as
the world of newborn screening continues to ex-
pand, funding for the implementation of these re-
search projects should be provided.

6. Because establishing and funding a 24-hour hotline
for access to online state-specific newborn screening
program contact information can be useful in sup-
porting state newborn screening programs, physi-
cians, and families, a dedicated newborn screening
hotline should be considered as part of preparing for
national emergencies, natural disasters, or other cir-
cumstances.

7. Funding should be provided for demonstration
projects directed toward strengthening the commu-
nication process between pediatricians and the new-
born screening program. These efforts can include
the development of telemedicine, effective health
information exchanges, and linked information sys-
tems to facilitate the communication process.

8. Because the increased level of services required to
comanage and coordinate care for patients with spe-
cial needs identified through newborn screening can
pose a significant financial burden for the PCP and
the subspecialist, appropriate CPT coding that is
aimed at enhanced reimbursement for chronic con-
dition management should be developed.

Oversight

9. ACHDGDNC policies and activities should promote
and facilitate uniformity across newborn screening
programs, promote coordination between state
newborn screening programs, support public health
infrastructure for these programs, monitor the qual-
ity of these programs, and coordinate and promote
research efforts related to newborn screening.

10. The ACHDGDNC should promote federal inter-
agency collaboration and federal agency collabora-
tion with state public health newborn screening
programs to encourage coordination and effective
collaboration between federal and state agencies.

11. Family involvement in all levels of newborn screen-
ing and follow-up care is important and should be
encouraged. Families can give feedback on services
provided, make suggestions on improving systems
of care, advocate for needed services, and support
other families that are going through similar
situations.

Follow-up

12. Appropriate treatment and chronic condition man-
agement for children with congenital conditions
should be ensured. Federal agencies, state newborn
screening programs, and others can collaborate to
create a national definition for follow-up to new-
born screening systems.

13. Because enrolling children onto long-term research
studies can provide the opportunity to test new
treatments and better understand the natural his-
tory of chronic conditions, federal agencies and na-
tional organizations should promote opportunities
for such research and create materials to educate
parents about research in general and specific op-
portunities to participate in research.

National Medical Specialty Organizations, Including the AAP
National medical specialty organizations and their state
chapters can play specific roles in the continued devel-
opment of the collaboration necessary to ensure optimal
performance of the newborn screening system through-
out the country.

1. They should maintain communication with and par-
ticipation on the ACHDGDNC to provide information
to their constituencies and communicate any con-
cerns to the ACHDGDNC.

2. They should foster education regarding newborn
screening and promote pediatric medical subspecial-
ties that focus on metabolic diseases among medical
students and residents.

3. They should promote the development and imple-
mentation of a Health Plan Employer Data and Infor-
mation Set (HEDIS) measure on newborn screening.

4. They should comment on the appropriateness of add-
ing new tests to the core screening panel, ensuring
that any newborn screening provides clear benefit to
all children screened and to their families. These com-
ments should be presented to the ACHDGDNC for
consideration and adoption.

CONCLUSIONS
Advances in newborn screening technology, coupled
with recent advances in the diagnosis and treatment of
rare but serious congenital conditions that affect new-
born infants, provide increased opportunities for posi-
tively affecting the lives of children and their families.
These advantages, however, also pose new challenges to
PCPs, both educationally and in response to the man-
agement of affected infants.

To respond appropriately, PCPs require immediate
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access to clinical and diagnostic information and guid-
ance; ACT sheets from the ACMG are a valuable
source of such guidance. PCPs, however, have a pro-
active role to play in supporting the performance of
the newborn screening system and ensuring the suc-
cessful completion of their responsibilities to the pro-
gram. PCPs must develop office policies and proce-
dures to ensure that newborn screening is conducted
and that results are transmitted to them in a timely
fashion. PCPs must also develop strategies to use
should these systems fail.

The newborn screening system extends well beyond
the PCP’s office, and many other stakeholders are essen-
tial for ensuring that the system functions well and
supporting PCPs in their role within the system. The
system is challenged by error, lack of education or in-
formation on the part of families and health care profes-
sionals, and systemic challenges such as the national
shortage of pediatric medical subspecialists and barriers
inherent in state licensing requirements. Lack of univer-
sal health care coverage and limited funding for new-
born screening programs present additional significant
challenges.

State and federal entities, hospitals, prehospital
health care professionals, pediatricians, and pediatric
medical subspecialists should act collaboratively to ad-
dress these challenges or reduce their effects on the
newborn screening system. AAP chapters and individ-
ual pediatricians should work together with the AAP
and SNSACs to promote actions and policies that will
optimize the function of newborn screening systems
and ensure that children and families receive the full
benefit of them.
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APPENDIX 2. 

Algorithm 1  

At the 3- to 5-day-old visit, the PCP should check for 

circumstances suggesting newborn screening might not have been 

conducted. Concerning situations include home or emergency 

births or international adoption. 

If the PCP has cause for concern that the newborn screening was 

not ordered and available discharge papers do not indicate the 

newborn screening has been ordered, the PCP should make 

arrangements for sample acquisition.  

If newborn screening has not been conducted because of parental 

refusal or if parents refuse newborn screening suggested by the 

PCP, the PCP should discuss the general benefits and limited risks 

of newborn screening as well as possible implications of not 

testing.

Educational materials for parents and PCPs can be accessed through the 

AAP Web site (www.medicalhomeinfo.org/screening/newborn.html). 

Parent concerns and questions should be addressed fully, and a 

discussion of the general benefits and limited risks of newborn 

screening is recommended. Very treatable conditions, such as phenylketonuria (PKU) 

and congenital hypothyroidism (CH), may be used as examples. If parental permission is 

obtained, arrangements for sample acquisition should be made immediately, and newborn 

screening should be ordered, as noted previously. 

Newborn screening is conducted through the state newborn screening 

program, and protocols for ordering the screen vary by state. Contact 

information for each state’s newborn screening program is available 

(http://genes-r-us.uthscsa.edu/resources/consumer/statemap.htm;

Provide Parent 

Education

Parents decline 

NBS?

Order NBS 

Concern that NBS 

was not conducted?

3- to 5-day-old visit

Appendix 4). 
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If parental permission is not obtained, parents or guardians should be 

asked to sign a waiver documenting their choice to decline newborn 

screening. A sample waiver form is included as Appendix 5; 

appropriate waiver forms should also be available through the state 

health department. 

PCPs should flag the charts of any patients who have not been 

screened so that the lack of screening will be taken into account should 

any subsequent concerns emerge regarding the child’s growth or 

development. The chart note should also prompt the pediatrician to 

return to the question of newborn screening with subsequent visits to determine whether 

parents have changed their minds.  

Special Circumstances 

In cases in which newborn screening is delayed, the PCP should consult with the state

newborn screening program regarding the availability and usefulness of the newborn

screening protocol.

In the case of preterm births, neonatal transfusion, and other circumstances in which

screening is not ordered or a second specimen is required, the PCP should consult with

a neonatal specialist.

Obtain Waiver

Flag Charts of 

unscreened 

patients
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APPENDIX 3. 

Algorithm 2 

In the case of an out-of-range screening result, the pediatrician 

identified on the newborn screening card should be called by the 

state newborn screening program within the first week after birth. 

Normal results are often transmitted by mail; these may arrive before to the 2- to 4-week 

visit.

Delays or procedural failures at hospitals, state laboratories, or 

other facilities or within the newborn screening program may result in late or lost results. 

The PCP cannot assume a “no news is good news” approach with regard to newborn 

screening. 

Office staff should check routinely for newborn screening results 

before the 2- to 4-week visit and pursue missing results in advance 

of that visit.  

If newborn screening results are not available before the 2- to 4-week 

visit, the PCP should contact the state newborn screening program for 

the results at that time.  

Special Circumstances 

Newborn screening results may occasionally be sent to the wrong pediatrician. Physicians 

who receive results for patients no longer in their care should immediately contact the 

state newborn screening program and/or hospital to alert them that the PCP may not have 

received these results. 

Call for NBS 

Results

Are NBS results 

available?

Results received
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The state newborn screening program will report results as normal, 

unsatisfactory, or abnormal.  

Normal newborn screening results should be noted in the infant’s 

chart and shared with the parents or guardians. Keep in mind that 

newborn screening does not rule out congenital disorders that are not 

included in the panel and does not absolutely guarantee the absence 

of the disorders that are screened.  

Special Circumstances 

Currently, 9 states mandate a second screening, and 12 states allow it. If necessary, the 

PCP should order another newborn screening. 

In instances where the specimen is unacceptable for testing, the 

infant’s newborn screen must be reordered and a specimen must be 

obtained promptly.  

If abnormal results are received, the PCP should access the ACT 

sheet specific to the disorder. The ACT sheet may be provided by 

the state newborn screening program or can be accessed at: 

www.acmg.net/resources/policies/ACT/condition-analyte-links.htm.

The most important actions to take are highlighted on the ACT sheets and include: 

When to contact the family;

Whom to consult and whether an appointment is needed immediately;

When the patient must be seen by the PCP;

Whether further confirmatory testing is needed and what tests should be

conducted;

Whether treatment is necessary and what treatment to initiate;

NBS results?

Document normal 

results and reassure 

family

Reorder NBS

Consult ACT Sheet 

and state NBS 

program
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How to educate parents about the disorder;

When findings need to be reported back to the newborn screening program.

In addition to following ACT sheet recommendations, the PCP should consult with the 

state newborn screening program.  

After an abnormal screening result is obtained, confirmatory testing 

and/or definitive consultation with subspecialists are required 

before a final diagnosis can be made.  

Special Circumstances 

In addition to true or false positive results, confirmatory tests may identify the child as a 

carrier of the disorder or may be of indeterminate result. 

In the event that the initial positive result proves to be a false 

positive result, the PCP can provide reassurance to parents. Up to 

20% of these parents will persist in their concerns about the health of 

their children for months or years after screening.  

To lay the foundation for comprehensive and collaborative care, it is 

critical during this time of uncertainty that the parents and family of 

the neonate be provided with disorder-specific information and 

support as they await final clarification of the child’s diagnosis and 

begin to plan for treatment and management. Frequent, specific, and supportive 

communication from the PCP will help to avoid confusion and build trust. 

The parents and family of the neonate should be provided with 

disorder-specific information and support as they await final 

clarification of the child’s diagnosis and begin to plan for treatment 

and management.  

Document false 

positive results and 

reassure family

Provide parent 

education

Identify as CSHCN

Initiate chronic 

condition 

management

Disorder 

Identified?
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Any child in whom a significant medical disorder is diagnosed should be entered 

into the practice’s registry for children with special health care needs, and chronic care 

management should be initiated. Chronic care management provides proactive care for 

children with special health care needs, including condition-related office visits, written 

care plans, explicit comanagement with specialists, appropriate patient education, and 

effective information systems for monitoring and tracking the child’s disorder. 

A subspecialist may provide substantial ongoing care for a child with a severe and 

complex disorder. However, the PCP retains the responsibility to provide a medical 

home, which is the central source of “family-centered, accessible, continuous, 

coordinated, comprehensive, compassionate, and culturally effective” care for the family, 

and the family should be encouraged to maintain their relationship with their PCP.  

The complex nature of many disorders identified by newborn screening may 

require care by a team of medical subspecialists, therapists, nutritionists, and educators. 

Clearly defined roles may help to reduce redundancies of services and prevent 

fragmentation of care.  
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APPENDIX 5: DOCUMENTING REFUSAL TO HAVE INFANTS
UNDERGO NEWBORN SCREENING
Despite the best efforts of health care professionals to
educate parents and guardians about the need to have

their infants undergo newborn screening and the impor-
tance of newborn screening in the early identification of
certain diseases, some parents and guardians will decline
to have their infants undergo newborn screening.
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All parents and guardians should be informed about
the purpose of and need for newborn screening, the risks
and benefits of newborn screening, and the conse-
quences of late diagnosis of certain conditions that
would have been identified earlier through newborn
screening. The use of this or a similar form that demon-
strates the importance you place on newborn screening
and focuses attention on the unnecessary risk for which
a parent or guardian is accepting responsibility may, in
some instances, induce a wavering parent or guardian to
accept your recommendation.

Disclaimer. This form may be used as a template for such
documentation, but it should not be used without obtain-
ing legal advice from a qualified health care attorney about

the use of the form in your practice. Moreover, completion
of a form, in and of itself, never substitutes for good risk
communication, nor would it provide absolute immunity
from liability. For instances in which parents or guardians
refuse newborn screening, health care professionals should
take advantage of their ongoing relationship with the fam-
ily and revisit the discussion on subsequent visits. Docu-
mentation in the medical chart of such follow-up discus-
sions is strongly recommended, and the template,
therefore, makes provision for this documentation.

This form may be duplicated or changed to suit your
needs and your patients’ needs and should be reviewed
with your health care attorney before use. It will be avail-
able on the AAP Web7 site (www.aap.org/bookstore).
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Newborn Screening for Biliary Atresia
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THE CHILDHOOD LIVER DISEASE RESEARCH NETWORK

abstractBiliary atresia is the most common cause of pediatric end-stage liver disease
and the leading indication for pediatric liver transplantation. Affected infants
exhibit evidence of biliary obstruction within the first few weeks after birth.
Early diagnosis and successful surgical drainage of bile are associated with
greater survival with the child’s native liver. Unfortunately, because
noncholestatic jaundice is extremely common in early infancy, it is difficult to
identify the rare infant with cholestatic jaundice who has biliary atresia.
Hence, the need for timely diagnosis of this disease warrants a discussion of
the feasibility of screening for biliary atresia to improve outcomes. Herein,
newborn screening for biliary atresia in the United States is assessed by using
criteria established by the Discretionary Advisory Committee on Heritable
Disorders in Newborns and Children. Published analyses indicate that
newborn screening for biliary atresia by using serum bilirubin concentrations
or stool color cards is potentially life-saving and cost-effective. Further studies
are necessary to evaluate the feasibility, effectiveness, and costs of potential
screening strategies for early identification of biliary atresia in the United
States.

Biliary atresia is the most common cause of pediatric end-stage liver
disease and the leading indication for pediatric liver transplantation.1

Infants with biliary atresia develop jaundice and pale, acholic stools
within the first few weeks after birth, secondary to fibroinflammatory
obstruction of the extrahepatic bile ducts that drain bile from the
liver into the intestines. Early diagnosis and successful surgical
drainage of bile (the Kasai hepatic portoenterostomy) are associated
with greater survival with the child’s native liver. Lack of effective
drainage inevitably results in liver failure within a year and
death within 2 years without transplantation. Successful surgical
drainage can, in most instances, prevent or delay the need for liver
transplantation, which is associated with significant morbidities from
requisite lifelong immunosuppression.2–5 Unfortunately, because
noncholestatic jaundice is extremely common in early infancy, it is
difficult to identify the rare infant with cholestasis who has biliary
atresia. Education regarding the importance of early identification of
biliary atresia could be included in professional continuing education
programs for primary care physicians. Thus, the need for timely
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diagnosis of this disease warrants a
discussion of the feasibility of
screening for biliary atresia to
improve outcomes.

The Discretionary Advisory
Committee on Heritable Disorders in
Newborns and Children, established
in 2003, evaluates conditions
nominated for inclusion in the
Recommended Uniform Screening
Panel and subsequently makes
recommendations to the secretary
of the US Department of Health
and Human Services.6 An external
evidence review group informs the
Advisory Committee on the
direct and indirect evidence used
to answer a series of key questions
regarding the potential benefit of
newborn screening for a condition.
The Advisory Committee then
grades the evidence in terms of the
benefit of screening and
feasibility of screening for the
condition.6–8 Herein, these key
questions are used to inform a
consensus among the authors of this
report in the evaluation of newborn
screening for biliary atresia in the
United States.
Biliary atresia is an idiopathic
cholangiopathy presenting with a

series of findings: (1) complete
obstruction of extrahepatic bile ducts
documented by cholangiography or
bile duct histology, (2) proliferation of
intrahepatic bile ducts on liver

biopsy, and (3) marked intrahepatic
fibrosis at an early age.4 The
reported incidence of biliary atresia
ranges from 5 per 100 000 in the
Netherlands to 32 per 100 000 live
births in French Polynesia.9 The
incidence of biliary atresia is
approximately 6.5 to 7.5 per
100 000 live births in the US mainland
and 10.1 per 100 000 live births in
Hawaii.

The natural history of biliary atresia
explains why it is difficult to diagnose.
Infants with biliary atresia generally
appear healthy as newborns. They
do, however, exhibit jaundice at birth
or shortly thereafter and may be
clinically indistinguishable from infants
with nonconjugated or indirect
hyperbilirubinemia, such as
“physiological jaundice” and “breast
milk–associated jaundice.” Conditions
causing conjugated or direct
hyperbilirubinemia, which are much
less common, include infections, such
as toxoplasmosis, rubella,
cytomegalovirus, herpes, and hepatitis
B, and genetic conditions, such as
Alagille syndrome, a-1 antitrypsin
deficiency, cystic fibrosis,
progressive familial intrahepatic
cholestasis, mitochondrial
hepatopathies, and bile acid synthesis
defects. The diagnosis of biliary atresia
should be considered for any infant
with an elevated serum conjugated
bilirubin concentration and pale or
acholic stools. Because nearly half of all
newborn infants exhibit jaundice in the
early days of life, making a
diagnosis other than physiologic
jaundice or breast milk–associated
jaundice is challenging. Thus, a late-
stage diagnosis of biliary atresia is not
uncommon.

The treatment of biliary atresia is
the hepatic portoenterostomy, as
originally described by Kasai in
1959. The operation involves
excision of the extrahepatic
biliary tree, with reestablishment of
bile flow via a Roux-en-Y
segment of intestine sewn
directly to the liver at the portal

plate.1 Whereas all infants with
biliary atresia not receiving
the Kasai operation will need liver
transplantation in the first 1 to
2 years of life, infants receiving the
Kasai operation gain considerable
benefit, and some avoid liver
transplantation altogether. Ultimately,
however, approximately 80% of all
patients with biliary atresia will
require liver transplantation by
10 years of age.1 Patients with
successful biliary drainage may
develop cirrhosis more slowly, which
can delay the need for liver
transplantation into childhood or early
adult life. This group of patients is
generally healthier before the
transplantation, has a larger pool of
liver donors for the liver
transplantation, and has a better
postoperative course after liver
transplantation. The most
significant factor correlating with
success of the Kasai operation is the
infant’s age at the time of surgery, with
younger infants receiving the
greatest benefit. The extent of
intrahepatic fibrosis at the time of
diagnosis is a key pathologic finding
that correlates negatively with
prognosis with treatment.1,10 Clinical
evidence of cirrhosis at diagnosis
(ie, presence of ascites) correlates
with poorer outcome after
portoenterostomy.1 Evidence of
associated splenic malformations,
such as asplenia or polysplenia,
also is associated with poorer
outcomes.1,11

Hence, there is a good case definition
of biliary atresia, which is
uniformly and reliably applied; the
incidence is comparable to other
diseases for which screening is
performed, such as phenylketonuria
and congenital adrenal hyperplasia;
and early recognition and
treatment contribute to improving
transplant-free survival.

Two screening tests have been
investigated: serum conjugated or
direct bilirubin concentrations and
stool color cards. Because the earliest

KEY QUESTION SET 1: DEFINING
BILIARY ATRESIA AND THE EXTENT OF
DISEASE
• Is there a case definition for biliary
atresia that can be uniformly and
reliably applied?

• What is the incidence and
prevalence of biliary atresia?

• What is the natural history of
biliary atresia, including the
spectrum of severity and variations
by key phenotypic or genotypic
characteristics?
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indicator of abnormality in biliary
atresia is an increased conjugated
bilirubin concentration, this is a
logical test to investigate for universal
screening, and several studies have
found promising results. In 2003,
Powell et al12 studied a large
community-based program in the
United Kingdom wherein conjugated
bilirubin concentrations were
measured from blood samples in
neonates younger than 28 days. Of 23
415 samples, conjugated bilirubin
concentrations exceeded 18 µmol/L
(1.05 mg/dL) in 3.8% of samples. The
fraction of conjugated bilirubin
relative to total bilirubin exceeded
20% in 16% of samples, and 107
samples (0.46%) exceeded both
cutoffs. No infant with a normal test
result had liver disease. Thus, this test
had a sensitivity of 100%, a
specificity of 99.59%, and a positive
predictive value of 10%, which is low
because of the rarity of clinical liver
disease in neonates. Ultimately, 11 of
12 infants with abnormal results on
repeat testing were diagnosed with
liver disease, 2 of whom had biliary
atresia. Although the authors
concluded that serum conjugated

bilirubin concentration may be an
effective marker for neonatal liver
disease, the sensitivity and specificity
of screening for biliary atresia may not
be accurate, given that only 2 infants
would be expected to have biliary
atresia in the sample size used.
Additional larger studies are, therefore,
needed to validate these findings.

Harpavat et al13 retrospectively
studied whether elevated conjugated
bilirubin concentration can be used
as an early screening test for infants
with biliary atresia. Of 61 infants
with biliary atresia, 34 had had
serum direct or conjugated bilirubin
concentration measured within
96 hours of life, and all demonstrated
elevated concentrations, which
increased over the first 96 hours. The
authors speculated that an elevated
conjugated bilirubin concentration
might be present in all infants with
biliary atresia in the immediate
postnatal period. In subsequent
follow-up, the authors have validated
this observation by identifying
elevated conjugated bilirubin
concentration shortly after birth in 32
of 32 infants cared for at their
institution who were later diagnosed
with biliary atresia (S. Harpavat, MD,
PhD, personal communication, 2015).
Thus, serum conjugated or direct
bilirubin concentration could prove a
valuable screening test for biliary
atresia. Cutoffs for the upper limit of
normal in young infants would need
to be verified in each hospital
laboratory. The test would also need
to be accompanied by an aggressive
educational program for health care
providers for an understanding of
age-related normal values, as the
infants in the Harpavat et al13 study
who had an early abnormal
conjugated bilirubin concentration
did not come to medical attention any
sooner than those who did not have
neonatal conjugated or direct
bilirubin tested. These observations,
in conjunction with those of Powell
et al,12 indicate great potential for
serum bilirubin determinations as a
screening tool for biliary atresia.

The second potential screening test is
the use of stool color cards. The first
universal national screening program
was implemented in Taiwan, where
there is a relatively high incidence of
biliary atresia (37/100 000 live
births) and, therefore, great
motivation to identify infants with
biliary atresia early.14 Parents of all
newborn infants were given color
cards that showed examples of
normal and acholic stools and were
asked to report the color of their
infant’s stool to their pediatrician. In
this study, cards were returned for
65% of 119 973 infants. Ninety-four
of these infants had acholic stools,
and 29 (31%) were ultimately
diagnosed with biliary atresia, 90% of
whom were diagnosed before 60 days
of age. In the Taiwanese population,
the stool color card screening
program had a sensitivity of 89.7%, a
specificity of 99.9%, a positive
predictive value of 28.6%, and a
negative predictive value of 99.9% for
identification of biliary atresia.14

Positive results from the screening
led to focused diagnostic evaluations.
In subsequent analyses, the authors
concluded that implementation of this
screening program led to earlier
diagnosis and earlier Kasai surgery
(66% vs 49% at,60 days of age) and
was associated with improved 3-year
jaundice-free survival (57% vs
31.5%) compared with a cohort of
historical controls.15 Confounding
this correlation, however, was the
increased use of prophylactic
antibiotic agents, which may have
prevented cholangitis and improved
outcomes, following the Kasai
operation in Taiwan part of the way
through the historical control time
period. Given these encouraging
observations, Argentina16 and
Switzerland17 implemented similar
nationwide stool color card screening
and biliary atresia education
programs.

Gu et al18 recently reported the
19-year experience of Tochigi
Prefecture in Japan with stool color
card screening for biliary atresia. The

KEY QUESTION SET 2: MODALITIES
AND POTENTIAL EFFECTIVENESS OF
SCREENING FOR BILIARY ATRESIA
• What methods are available to
screen newborn infants for biliary
atresia?

• What are the accuracy; the ability to
distinguish early versus late onset
cases; the sensitivity, specificity,
and predictive values; the analytic
and clinical validity; and the
feasibility of implementing these
methods for universal screening?

• What are the potential harms or
risks of screening for biliary
atresia?

• What is known about costs and
cost-effectiveness of screening for
biliary atresia? What pilot testing
has taken place in population
studies or clinical groups?
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authors reported a decrease in the
mean age at the time of the Kasai
procedure from 70.3 days to 59.7
days. Of the 34 infants in whom
biliary atresia was diagnosed during
the study period, 26 were identified
via screening. Eight infants were not
identified via screening at 1-month
follow-up for a variety of reasons,
including no action taken despite
reporting of pale stool, loss to follow-
up, and noncompliance with use of
the stool color card. These patients
underwent the Kasai procedure at a
much later age than those who were
identified and promptly worked up
for biliary atresia (77.5 6 20.4 days
vs 54.3 6 15.8 days; P = .002).
Survival with native liver for the 34
identified infants was better at 5, 10,
and 15 years (87.6%, 76.9%, and
48.5%, respectively) compared with
historical controls. Through 2010, the
stool color card program has since
expanded to 16 other administrative
divisions in Japan.

Thus, serum conjugated bilirubin
concentrations and stool color cards
both exhibit reasonable clinical
validity as potential screening
modalities for biliary atresia. In
neither case is there significant
clinical risk or harm to the infant
undergoing screening. It could be
proposed that blood be drawn for
serum bilirubin determinations at the
same time as for any other blood tests
before discharge from the newborn
nursery.

Biliary atresia is currently diagnosed
by using a number of modalities.
Infants with unexplained conjugated
hyperbilirubinemia can undergo
serologic testing, including antibody
titers against infectious diseases,
including toxoplasmosis, rubella,
cytomegalovirus, herpes, hepatitis B,
syphilis, Coxsackie virus, Epstein-Barr
virus, varicella-zoster virus, and
human parvovirus, all of which can be
associated with jaundice.
Ultrasonography of the liver can
assess for the presence and size of the
gallbladder and identify abnormal

findings at the porta hepatis, as well
as identify a choledochal cyst.
Ultrasonography also can determine
the presence of ascites, whether 1 or
multiple spleens are present, and the
echogenicity of the liver, which is
potentially reflective of fibrosis. A
technetium-labeled hepatobiliary
iminodiacetic acid scan can be
performed to determine whether bile
drains into the gastrointestinal tract.
Nonexcretion of radioisotope into the
intestines after initial uptake by
hepatocytes is consistent with biliary
atresia but may also occur in other
intrahepatic cholestatic diseases, and,
thus, it is a nonspecific finding. Liver
biopsy can be performed to assess for
pathologic features of biliary atresia
percutaneously under conscious
sedation or via a laparotomy with a
wedge liver biopsy under general
anesthesia if there are greater
concerns for bleeding given
coagulopathy. Liver transient
elastography and sonography are
currently under investigation to
determine extent of fibrosis
noninvasively before surgery.19

Ultimately, the diagnosis of biliary
atresia is confirmed and the Kasai
procedure is performed after direct
intraoperative visual inspection and
intraoperative cholangiography
performed by a pediatric surgeon.
Charges and costs for these tests and
procedures vary widely, and there are
insufficient data to determine the cost
for diagnosis.

Early diagnosis and treatment is
optimal for biliary atresia. All infants
with biliary atresia initially exhibit
jaundice. They eventually excrete
acholic stools. As weeks pass and the
liver becomes increasingly fibrotic,
infants with biliary atresia will exhibit
manifestations of portal hypertension
with abdominal ascites and spider
angiomata. Failure to thrive, fat-
soluble vitamin deficiencies, and
cachexia also can develop because of
profound malabsorption. The Kasai
operation is ideally performed before
onset of portal hypertension.

Kasai portoenterostomy is well
established as the treatment of biliary
atresia. Success rates of biliary
drainage after the Kasai operation
range from 47% in the United States
to 65% in Japan.1,20 Numerous
studies have demonstrated that early
diagnosis and treatment with the
Kasai operation are associated with
better survival without liver
transplantation. A retrospective
analysis of 251 patients at a single
center found that 10-year survival
without transplantation was highest
(73%) if age at time of surgery was
,60 days and lowest (11%) if age at

time of surgery was .91 days.20 Two
other cohort studies similarly showed
greatest success rates when surgical
drainage was performed at ,30 or
,45 days of age.21 More recently, a
prospective study of 159 infants
funded by the National Institutes of
Health reported that performance of

KEY QUESTION SET 3: CURRENT
METHODS OF TESTING FOR BILIARY
ATRESIA
• What are the current methods and
costs of diagnostic testing for
biliary atresia and availability and
capability of diagnostic centers?

• For treatment, does
presymptomatic or early
symptomatic treatment improve
health outcomes, and if so, more
than treatment after symptoms
develop?

KEY QUESTION SET 4:
EFFECTIVENESS OF TREATMENT OF
BILIARY ATRESIA
• What is known about the efficacy
and effectiveness of treatment?

• What is the relationship between
treatment timing and treatment
outcomes?

• Is treatment standardized? What
are the potential harms or risks of
treatment?
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the Kasai procedure at ,75 days was
associated with greater transplant-
free survival.1 Delayed treatment
by Kasai procedure is associated
not only with progressive liver
failure but also with impaired
neurodevelopmental outcome and
poor nutritional status.22,23 Although
early diagnosis is associated with
improved outcomes after Kasai
operation, diagnosis at the time of
end-stage liver failure may occur.1

Screening would enhance awareness
of biliary atresia within the pediatric
community.

Even a successful Kasai operation with
reestablished flow of bile does not
ensure cessation of fibrogenesis and
prevention of end-stage liver failure.
However, without a successful Kasai
operation, progression to end-stage
liver failure is more rapid and
inevitable. Postoperatively, ascending
cholangitis is a common complication.
Lee et al24 reported that 27 (64%)
of 42 patients experienced at
least 1 episode of cholangitis after
Kasai operation. Most patients in
their cohort experienced multiple
episodes of cholangitis requiring
hospitalization, with an average length
of stay of 15 days. Ng et al25 reported
that 17% of 219 patients who retained
their native livers at least 5 years
after their Kasai operations had
experienced an episode of cholangitis
in the preceding year.

A screening test algorithm for biliary
atresia has 1 clear goal: to identify
affected infants early so they can
receive an early Kasai operation and
associated benefits, without placing
an excessive burden on families and
the health care system from false-
positive results. Both screening
options have advantages and
disadvantages. Conjugated bilirubin
measurements are widely available,
easily interpretable, and inexpensive,
with clear cutoffs for abnormal
values. They do require blood to be
drawn, as conjugated bilirubin
concentrations are not measured by
instruments measuring

transcutaneous bilirubin. This blood
can be obtained at the time of heel
stick for the state newborn screen or
when blood is obtained for total
bilirubin measurements before
hospital discharge. Ongoing
prospective studies will further
address problems and solutions with
conjugated bilirubin screening.

The stool color card, on the other
hand, avoids drawing blood. The cost
is very low for essentially a colored
postcard (less than $0.06 per card);
however, its interpretation is more
subjective and requires pediatricians
and parents to work together to
address questions about stool color.
In addition, stools become acholic
over time, so there is no “start” or
“stop” time for the screening. Rather,
it is a continuous screen, in which
stools are monitored for the first few
months of life. In some countries,
there is a 1-month well-child visit
(eg, for administration of hepatitis B
virus vaccine) at which time the stool
color card results are captured,
allowing for early diagnosis of biliary
atresia. The lack of a consistent
follow-up visit at 1 month in the
United States creates a challenge.
Finally, a referral process would
need to be clearly developed to
ensure that all infants with a positive
screen undergo the next level of
evaluation. Thus, issues under Key
Question 5 are continuing to be
addressed and vary depending on
the screening modality used.

Because biliary atresia is the number
1 cause of pediatric end-stage liver
disease and liver transplantation, a
disproportionally large fraction of
total health care expenditures is
spent on this relatively rare but
highly morbid disease.4 It is
important to note that this conclusion
was based on extrapolations from
adult data and, therefore,
underestimates the true cost of
care related to lifelong
immunosuppression after
transplantation in the pediatric
population. Hence, preventing or
delaying liver transplantation through
an early diagnosis translates to
reduced health care expenditures, as
further documented by a series of
pediatric studies, 2 of which are
briefly summarized in the next
paragraph.

Mogul et al26 modeled the cost-
effectiveness of screening using the
stool color card in the United States.
By using Markov modeling based on
the Taiwan Health Bureau findings
projected over 20 years, screening
with the stool color card was
associated with nearly 30 life-years
gained, 11 fewer transplants, 3 fewer
deaths, and a decrease in total costs
of nearly $9 million. Moreover, the
authors concluded that there was a
greater than 97% likelihood that
screening using stool color cards
would result in a gain in life-years
and a significant cost savings.
Schreiber et al27 conducted a
prospective study in which infant
stool color cards were distributed to
more than 6000 families in the
maternity ward of a Canadian
women’s hospital. The authors used a
variety of strategies to follow up on
the infant stool color, from voluntary
return of the cards at 30 days of age
to follow-up with family physicians or
families by random phone survey. The
authors estimated stool color card
utilization at 60% to 94%. By using
Markov modeling, the authors further
estimated the cost of screening
in the Canadian population at
approximately $213 000, for a gain of

KEY QUESTION SET 5: IMPLICATIONS
OF SCREENING FOR BILIARY ATRESIA
• What incremental costs are
associated with the use of the
screening test in (state) newborn
screening programs for biliary
atresia?

• What are the costs of diagnosis and
the failure to diagnose in the
presymptomatic period?

• What is the availability of treatment
and the costs associated with
treatment?
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9.7 life-years. The authors concluded
that screening for biliary atresia by
using infant stool color cards was not
only feasible, but also effective and
cost-effective. Although both studies
support the cost-effectiveness of stool
color card screening for biliary
atresia, it should be noted that both
studies relied on extrapolations from
results in Taiwan, which may or may
not be applicable in North America.
Thus, further cost-effectiveness
analysis based on a North American
pilot study using stool color cards is
required before concluding a true
cost benefit in the United States.

The cost-effectiveness of screening by
using serum conjugated bilirubin
concentrations has not yet been
established. It is worth noting,
however, that many newborn
nurseries routinely determine serum
bilirubin concentrations at birth. As
Harpavat et al13 noted, all infants
who had serum bilirubin
determinations performed and
ultimately were diagnosed with
biliary atresia had elevated
conjugated bilirubin concentrations.
It is, therefore, worth further
investigation to determine the cost-
effectiveness of conjugated bilirubin
determinations during the first few
days of life.

It is important to note, however, that
there are “hidden” costs associated
with screening for biliary atresia
using stool color cards. These include
the additional time required to
explain biliary atresia screening to
parents, which, if past is prologue,
will likely be added to preventive
services without being recognized as
increased services by public and
private payers. Also, these additional
newborn screening interventions will
generate increased office visits and
phone calls from concerned parents
bringing their “color cards” and
possibly soiled diapers for follow-up
evaluation by the pediatrician. Future
research on cost-effectiveness will be
required to consider all costs,
including those that may be

considered “hidden.” Nonetheless,
even though stool color card
screening for biliary atresia has not
yet been performed in North America,
these cost-effectiveness modeling
data are encouraging, and there is
merit to pursuing pilot testing to
confirm these analyses.

CONCLUSIONS

The natural history of biliary atresia
is sufficiently well established. Early
diagnosis is clearly associated with
better outcomes for infants with
biliary atresia. Outcomes after the
Kasai operation in the United States
could potentially be improved with
early diagnosis. Stool color cards
distributed to mothers on discharge
would not only function as a
screening tool but also for educating
primary care physicians and parents,
engendering awareness that there is
an abnormal color to infant stool.

Newborn screening for conjugated
hyperbilirubinemia requires
additional analysis. The American
Academy of Pediatrics already
recommends newborn screening for
hyperbilirubinemia. Many nurseries,
however, use transcutaneous
bilirubin measurements in lieu of
serum bilirubin determinations, but
thus far, only newborn serum
conjugated hyperbilirubinemia has
been correlated with the eventual
diagnosis of biliary atresia, and the
utility of newborn serum conjugated
bilirubin screening for biliary atresia
remains unknown.

At this point, there is not sufficient
evidence to conclude with a high
degree of certainty that newborn
screening would provide significant
benefit for biliary atresia. Pilot
studies are necessary to evaluate the
feasibility, effectiveness, and costs of
potential screening strategies for
early identification of biliary atresia
in the United States.
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KEY POINTS
• Biliary atresia is a rare disease
with high morbidity and mortality
for which the natural history is
reasonably well understood.

• Early performance of the Kasai
portoenterostomy with successful
surgical drainage of bile is
associated with better outcomes
for infants with biliary atresia;
therefore, educational programs
for pediatricians and other
pediatric care providers to
increase awareness of biliary
atresia may be helpful.

• Published analyses indicate that
newborn screening for biliary
atresia, either by measuring serum
conjugated bilirubin concentrations
or using stool color cards, is
potentially of sufficient sensitivity
and specificity to be cost-effective.

• Further studies are necessary to
evaluate the feasibility,
effectiveness, and costs of potential
screening strategies for early
identification of biliary atresia in
the United States.



73NEWBORN SCREENING FOR BILIARY ATRESIA 

LIAISONS

CAPT Wanda D. Barfield, MD, MPH, FAAP – Centers

for Disease Control and Prevention

James Goldberg, MD – American College of

Obstetricians and Gynecologists

Thierry Lacaze, MD – Canadian Pediatric Society

Erin L. Keels, APRN, MS, NNP-BC – National

Association of Neonatal Nurses

Tonse N. K. Raju, MD, DCH, FAAP – National Institutes

of Health

STAFF

Jim Couto, MA

CHILDHOOD LIVER DISEASE RESEARCH
NETWORK

Nanda Kerkar, MD
Saul J. Karpen, MD, PhD
Ronald J. Sokol, MD, FAASLD
Kathleen B. Schwarz, MD
Douglas B Mogul, MD, MPH
Sanjiv Harpavat, MD, PhD

REFERENCES

1. Superina R, Magee JC, Brandt ML, et al;
Childhood Liver Disease Research and
Education Network. The anatomic
pattern of biliary atresia identified at
time of Kasai hepatoportoenterostomy
and early postoperative clearance of
jaundice are significant predictors of
transplant-free survival. Ann Surg. 2011;
254(4):577–585

2. Dharnidharka VR, Tejani AH, Ho PL,
Harmon WE. Post-transplant
lymphoproliferative disorder in the
United States: young Caucasian males
are at highest risk. Am J Transplant.
2002;2:993–998

3. Kelly DA. Strategies for optimizing
immunosuppression in adolescent
transplant recipients: a focus on liver
transplantation. Paediatr Drugs. 2003;
5(3):177–183

4. Sokol RJ, Mack C, Narkewicz MR, Karrer
FM. Pathogenesis and outcome of biliary
atresia: current concepts. J Pediatr
Gastroenterol Nutr. 2003;37(1):4–21

5. Marchetti P. New-onset diabetes after
liver transplantation: from pathogenesis
to management. Liver Transpl. 2005;
11(6):612–620

6. Calonge N, Green NS, Rinaldo P, et al.
Committee report: Method for evaluating
conditions nominated for population-
based screening of newborns and
children. Genet Med. 2010;12:153–159

7. Kemper AR, Green NS, Calonge N, et al.
Decision-making process for conditions
nominated to the Recommended Uniform
Screening Panel: statement of the US
Department of Health and Human
Services Secretary’s Advisory Committee
on Heritable Disorders in Newborns and
Children. Genet Med. 2014;16:183–187

8. Perrin JM, Knapp AA, Browning MF, et al.
An evidence development process for
newborn screening. Genet Med. 2010;12:
131–134

9. Chardot C. Biliary atresia. Orphanet J
Rare Dis. 2006;1:28

10. Pape L, Olsson K, Petersen C, von
Wasilewski R, Melter M. Prognostic value
of computerized quantification of liver
fibrosis in children with biliary atresia.
Liver Transpl. 2009;15(8):876–882

11. Schwarz KB, Haber BH, Rosenthal P, et al;
Childhood Liver Disease Research and
Education Network. Extrahepatic
anomalies in infants with biliary atresia:
results of a large prospective North
American multicenter study. Hepatology.
2013;58(5):1724–1731

12. Powell JE, Keffler S, Kelly DA, Green A.
Population screening for neonatal liver
disease: potential for a community-
based programme. J Med Screen. 2003;
10(3):112–116

13. Harpavat S, Finegold MJ, Karpen SJ.
Patients with biliary atresia have
elevated direct/conjugated bilirubin
levels shortly after birth. Pediatrics.
2011;128(6). Available at: www.pediatrics.
org/cgi/content/full/128/6/e1428

14. Chen SM, Chang MH, Du JC, et al; Taiwan
Infant Stool Color Card Study Group.
Screening for biliary atresia by infant
stool color card in Taiwan. Pediatrics.
2006;117(4):1147–1154

15. Lien TH, Chang MH, Wu JF, et al; Taiwan
Infant Stool Color Card Study Group.
Effects of the infant stool color card
screening program on 5-year outcome of
biliary atresia in Taiwan. Hepatology.
2011;53(1):202–208

16. Ramonet M. Stool color cards for
screening for biliary atresia. BA Single
Topic Conference. Bethesda, MD: National
Institutes of Health 2006;September
12–13

17. Wildhaber BE, Majno P, Mayr J, et al.
Biliary atresia: Swiss national study,

1994-2004. J Pediatr Gastroenterol Nutr.
2008;46(3):299–307

18. Gu YH, Yokoyama K, Mizuta K, et al.
Stool color card screening for early
detection of biliary atresia and long-
term native liver survival: a 19-year
cohort study in Japan. J Pediatr. 2015;
166(4):897–902.e1

19. Kim S, Kang Y, Lee MJ, Kim MJ, Han SJ,
Koh H. Points to be considered when
applying FibroScan S probe in children
with biliary atresia. J Pediatr
Gastroenterol Nutr. 2014;59(5):624–628

20. Ohi R, Nio M, Chiba T, Endo N, Goto M,
Ibrahim M. Long-term follow-up after
surgery for patients with biliary atresia.
J Pediatr Surg. 1990;25(4):442–445

21. Serinet MO, Wildhaber BE, Broué P, et al.
Impact of age at Kasai operation on its
results in late childhood and
adolescence: a rational basis for biliary
atresia screening. Pediatrics. 2009;
123(5):1280–1286

22. Caudle SE, Katzenstein JM, Karpen SJ,
McLin VA. Language and motor skills are
impaired in infants with biliary atresia
before transplantation. J Pediatr. 2010;
156:936–940, 940.e1

23. DeRusso PA, Ye W, Shepherd R, et al;
Biliary Atresia Research Consortium.
Growth failure and outcomes in infants
with biliary atresia: a report from the
Biliary Atresia Research Consortium.
Hepatology. 2007;46(5):1632–1638

24. Lee JY, Lim LT, Quak SH, Prabhakaran K,
Aw M. Cholangitis in children with biliary
atresia: health-care resource utilisation. J
Paediatr Child Health. 2014;50(3):196–201

25. Ng VL, Haber BH, Magee JC, et al. Medical
status of 219 children with biliary
atresia surviving long-term with their
native livers: results from a North
American multicenter consortium. J
Pediatr. 2014;165:539–546.e2

26. Mogul D, Zhou M, Intihar P, Schwarz K,
Frick K. Cost-effective analysis of
screening for biliary atresia with the
stool color card. J Pediatr Gastroenterol
Nutr. 2015;60(1):91–98

27. Schreiber RA, Masucci L, Kaczorowski J,
et al. Home-based screening for biliary
atresia using infant stool colour cards: a
large-scale prospective cohort study and
cost-effectiveness analysis. J Med
Screen. 2014;21(3):126–132





75

SECTION 3

High-Risk Newborn/ 
Prematurity





77

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

Antenatal Counseling Regarding
Resuscitation and Intensive Care
Before 25 Weeks of Gestation
James Cummings, MD, FAAP, COMMITTEE ON FETUS AND NEWBORN

abstract The anticipated birth of an extremely low gestational age (,25 weeks) infant
presents many difficult questions, and variations in practice continue to exist.
Decisions regarding care of periviable infants should ideally be well informed,
ethically sound, consistent within medical teams, and consonant with the
parents’ wishes. Each health care institution should consider having policies
and procedures for antenatal counseling in these situations. Family counseling
may be aided by the use of visual materials, which should take into
consideration the intellectual, cultural, and other characteristics of the family
members. Although general recommendations can guide practice, each
situation is unique; thus, decision-making should be individualized. In most
cases, the approach should be shared decision-making with the family, guided
by considering both the likelihood of death or morbidity and the parents’
desires for their unborn child. If a decision is made not to resuscitate,
providing comfort care, encouraging family bonding, and palliative care
support are appropriate.

INTRODUCTION

The anticipated birth of an extremely low gestational age (,25 weeks)
infant presents many difficult questions for all involved, including whether
to initiate resuscitation after delivery. Variations in practice continue to
exist, driven in part by the unclear outcomes of these infants, individual
bias with regard to these outcomes, the difficulty in communicating
complex information to parents at an extremely stressful time, and the
emotionally charged environment that typically exists around the
impending delivery of an infant at the lower limits of viability.1–9

The topic of antenatal counseling at the borderline of viability (22–24
weeks of gestation) has been addressed in 2 American Academy of
Pediatrics clinical reports.10,11 Important factors in this area continue to
evolve, including improved outcomes, changing attitudes of parents and
physicians and other health care providers, and new approaches that
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represent.

The guidance in this report does not indicate an exclusive course of
treatment or serve as a standard of medical care. Variations, taking
into account individual circumstances, may be appropriate.

All clinical reports from the American Academy of Pediatrics
automatically expire 5 years after publication unless reaffirmed,
revised, or retired at or before that time.
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facilitate communication with parents.
The present revised clinical
report includes new knowledge
and understanding gained since the
most recent report was published
in 2009.

In February 2013, a workshop was
convened by the Eunice Kennedy
Shriver National Institute of Child
Health and Human Development to
discuss management and counseling
issues surrounding periviable birth.
An executive summary of this
workshop was published
concurrently in multiple journals in
May 2014.12–14 The intent of the
present report was not to revisit
issues that were thoroughly discussed
at that workshop but to highlight key
points relevant to counseling. In
addition, whereas previous
publications may have provided
specific recommendations based on
the anticipated gestational age, this
statement emphasizes the limitations
of that approach and the need to
individualize counseling. This report
also discusses factors important in
communicating with prospective
parents and presents ways to assist
them with difficult decision-making.
The goal of this report was to assist
pediatric and obstetric care providers
in effectively managing what remains
one of the most difficult areas in
perinatal medicine.

BACKGROUND

Some infants may be born at such an
immature stage of development
that the risk of death or severe long-
term neurologic impairment is
exceptionally high. Initiating
resuscitation and offering life
support to these newborn infants
may be considered futile or not in
the best interests of the child, but
how to translate these concerns
into clinical practice is unclear.
Therefore, it is important that
parents be involved in decision-
making whenever possible. Ideally,
shared decision-making and family-
centered care should be the goals.

The primary goal of antenatal
counseling in this situation is to
allow parents to make an informed
decision regarding intervention. In
addition, counseling can provide
parents with knowledge and support
that will help them manage what will
likely be a difficult aftermath.
Effective counseling includes 3 key
components: assessment of risks,
communication of those risks, and
ongoing support. In addition, factors
that may influence decision-making
need to be carefully considered.

OUTCOME ACCORDING TO GESTATIONAL
AGE

Most countries, including the United
States, continue to report that
survival without significant
neurologic sequelae is extremely rare
in infants delivered before 23 weeks
of gestation, even with full
resuscitation and intensive care.15–25

In addition, although improved
outcomes for infants born beyond 23
weeks’ gestation have been observed
in many countries, most have not
reported improvement in outcomes
for infants delivered at 22 to 23
weeks of gestation.15,16,19,22,23 Recent
data, however, suggest that survival
for infants born at less than 23 weeks’
gestation can be improved if perinatal
interventions (eg, antenatal steroids,
operative deliveries for fetal distress,
neonatal resuscitation) are made on
the fetus’ behalf.26,27 Japan has
recently reported intact survival rates
for infants born alive at 22 weeks of
gestation comparable to those born at
23 weeks of gestation, with overall
survival rates of 33%.28 A study in
the United States found similar rates
of survival among newborn infants
born at 22 weeks’ gestation.29

Therefore, if survival were the only
consideration, it would seem
reasonable to offer resuscitation and
intensive care to all infants born at or
beyond 22 weeks of gestation.
However, parents and health care
providers have to struggle with other
considerations, including the fact that

most surviving preterm infants born
before 25 weeks’ gestation will have
some degree of neurodevelopmental
impairment and possibly long-term
problems involving other organ
systems.30 Infants born at
22 weeks’ gestation have reported
rates of moderate to severe
neurodevelopmental impairment
of 85% to 90%; for infants born
at 23 weeks’ gestation, these rates
are not significantly lower.29–32 The
risk of permanent, severe
neurodevelopmental and other
special health care needs affect both
the infant and the family and, for
some parents, may outweigh the
benefit of survival alone.33–36

LIMITATIONS OF GESTATIONAL AGE AS
A PREDICTOR

Although gestational age is a
strong determinant of outcome, 2
interrelated factors limit the use
of gestational age as a predictor
of outcome: the rate of fetal
development during the early third
trimester and the inaccuracy of
gestational dating. Between 22 and
25 weeks of gestation, the fetus
is in an extremely rapid stage of
development of many organ systems
essential for extrauterine survival.
Thus, each additional day of gestation
theoretically increases not only the
chance of survival but also the chance
for a healthy long-term outcome.
However, in most situations, the
physician cannot know the
gestational age with this degree of
precision. Wide variability in an
individual woman’s ovulatory cycle
and vaginal bleeding during the first
weeks of pregnancy can make
pregnancy dating according to last
menstrual period inaccurate. First-
trimester fetal ultrasonographic
examinations, which have become
the gold standard of gestational
age assessment,37 typically use
mathematical algorithms to report
gestational age estimates not only by
week but also by days, implying
a degree of precision that does not
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actually exist. At best, fetal
ultrasonographic dating is accurate
within 8%, which translates to an
accuracy of 4 to 5 days at 8 to
9 weeks of gestation but nearly
2 weeks at 24 weeks of gestation.38

The most precise determination of
gestational age occurs with assisted
reproductive technologies, in which the
date of fertilization or implantation
may be accurately defined, giving
a more precise date of conception.
However, these technologies account
for less than 2% of pregnancies.39

Despite the difficulty in using
gestational age alone to predict
outcome, it is generally agreed that
only comfort care should be offered
to infants born at less than 22 weeks
of gestation and that resuscitation
should be offered for infants
born at or later than 25 weeks of
gestation,12–14,40–44 leaving a “gray
zone” between 22 and 24 weeks
of gestation, within which
recommendations vary. However,
a common thread shared by all these
recommendations is that decisions in
individual cases may be guided by
considerations other than gestational
age.

FACTORS OTHER THAN GESTATIONAL
AGE THAT AFFECT OUTCOME

Many factors other than gestational
age can affect pregnancy outcome.
Preconception and pregnancy-related
factors, such as maternal age, health,
nutrition, substance use, and even
genetics, may alter fetal growth
and development and, hence,
perinatal outcome. Significant
complications during pregnancy
(eg, chorioamnionitis, severe
preeclampsia, intrauterine growth
restriction, placental abruption) are
known to affect neonatal outcomes.
However, the degree to which any
of these factors affects outcome
independent of preterm birth is
unclear.

Other factors, however, may be useful
in refining our estimates of outcome
based solely on gestational age. In

a large cohort of extremely preterm
infants (22–25 weeks’ gestation)
from 19 perinatal centers across the
country, several factors in addition to
gestational age significantly affected
neonatal survival and long-term
neurodevelopmental outcome at 18
to 22 months; female gender,
antenatal corticosteroids, singleton
birth, and increased birth weight
(per 100-g increments) were each
significantly associated with
improved outcomes.45 Because the
data in this study are now more than
a decade old, its contemporary
relevance may be limited. One recent
study found survival rates and 18- to
22-month outcomes for infants born
at 22 to 25 weeks’ gestation to be
significantly better than predicted by
this model.29 In addition, because
these factors do not explain the
marked variability in outcomes by
center,46 their applicability to
a specific institutional environment is
unclear. Nevertheless, such studies
are valuable because they underscore
the fact that gestational age should
not be the only consideration in
discussing prognosis with parents.

FACTORS THAT MAY INFLUENCE
DECISION-MAKING

Attitudes of Health Care Providers

Both obstetric and neonatal care
providers agree that some fetuses
are too immature to warrant
interventions solely aimed at
improving neonatal outcome; these
interventions include antenatal
steroids, intervention for fetal
distress, and delivery room
resuscitation. However, there is no
general agreement about the
gestational age at which proactive
management should occur.4,47

Proactive institutional practices,
particularly the use of antenatal
steroids, are associated not only with
improved outcomes in periviable
infants but also improved outcomes
in more mature infants.48,49

Conversely, in institutions in which
such infants are not fully supported

both before and after delivery (eg, not
offering antenatal steroids but
offering full resuscitation at birth),
mortality rates for infants delivered
before 25 weeks of gestation are
increased.4

Physician attitudes regarding the
appropriateness of resuscitation and
intensive care are generally much
more positive for infants born at
24 weeks of gestation compared with
22 weeks of gestation, but at any
given gestational age, wide variation
still exists. Data suggest that more
experienced physicians tend to
encourage shared decision-making
with parents.2 In addition, attitudes
may be changing; whereas earlier
studies suggested that obstetricians
and neonatologists tended to
overestimate morbidity and
mortality rates for extremely
preterm infants,50 that no longer
seems to be the case.7,8

Attitudes of Parents

Although outlooks can differ
depending on background, most
parents who have raised an extremely
low gestational age survivor report
only modest increases in stress and
continue to support aggressive
resuscitation for these infants.51,52

Although survivors of extreme
prematurity can have significant long-
term health and developmental
problems, former extremely preterm
infants generally report better health
outcomes than expected,53,54 except
perhaps during adolescence.55 Even
though parents report more health
care–related concerns, they generally
rate the health quality of life of their
children fairly high.56

Although discussion of survival and
long-term outcomes is important in
counseling, many parents do not find
quantitative predictions of death or
morbidity to be central to their
decision-making. Instead, religion,
spirituality, and hope may be more
important factors.57,58 There are also
cultural differences in terms of
preferences for resuscitation of
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extremely preterm newborn infants,
although these may reflect differences
in institutional practices or
resources.59 Understanding the
importance of parental values and
experiences is essential to shared
decision-making.60,61

Delivery Room Assessment

Given the uncertainty that surrounds
the outcomes of these periviable
infants, some physicians recommend
a “wait-and-see” attitude, suggesting
that a skilled resuscitator be present
at the delivery to intervene should
the infant appear “viable” at birth.9

Indeed, this approach was suggested
in an earlier edition of the Textbook of
Neonatal Resuscitation.62 However,
such decision-making in the delivery
room delays the initiation of
resuscitation and is prone to error.
For example, when experienced
neonatologists viewed delivery room
videos of extremely preterm births,
their ability to predict survival was
no better than a coin toss.63 It is
recommended, therefore, that
decisions regarding resuscitation be
well communicated and agreed on
before the birth, if possible, and not
be conditional on the newborn
infant’s appearance at birth. In rare
circumstances, the newborn infant
could be significantly more or less
mature than anticipated, and this
assessment could alter decisions
made in the delivery room. Parents
need to be informed of this
possibility.

COMMUNICATION

When an extremely preterm birth is
imminent, there is often little time
to prepare the parents and to
ascertain their wishes regarding
resuscitation and subsequent
neonatal intensive care. Optimal use
of the limited time available, as well
as the recognition and management
of potential barriers to effective
communication, will facilitate
a beneficial discussion of
anticipated outcomes and options.

Communication With Parents

The primary goal of antenatal
counseling is to provide parents with
information that will aid their
decision-making. This counseling
should include not only expected
outcomes for the infant but also
a discussion of available options
(eg, comfort care). This communication
needs to be sensitive to the religious,
social, cultural, and ethnic diversity of
the parents; in particular, for a parent
with limited English proficiency,
these discussions must include
interpretation services, preferably
face-to-face. Likewise, an appropriate
interpreter may be needed for
a parent who has limitations with
hearing.

The value of providing statistical
information during counseling is
unclear, and there is evidence that
this information is often
misunderstood. Some authors have
found that parents of extremely
preterm infants who died after birth
emphasize emotional and spiritual
concerns as more important to their
decision-making,56 whereas others
found that many parents preferred
the use of statistics when receiving
outcome information.64 Regardless of
the level of detail provided, it is
important to realize that parents
prefer to hear a range of outcomes
rather than specific numbers.60

Because outcomes of extreme
prematurity vary widely among
centers, institution-specific outcome
data may be more applicable than
group data from outside institutions.
However, because institutional
approaches can affect outcomes,46 it
should be recognized that applying
only local data may create a self-
fulfilling prophecy. In addition, the
number of such infants born at
a given institution may be so low that
local data may be hard to interpret;
therefore, using both local and
outside data may be helpful in
defining a range of outcomes.

Supplementing verbal information
with written information improves

parental knowledge of long-term
outcomes and may reduce parental
anxiety.65 Visual aids, such as
pictures, graphics, and short
messages about resuscitation and
complications associated with
extreme preterm birth, enhance
parental knowledge regarding
survival and morbidities, although 1
study found that they did not seem to
alter parental desire for
resuscitation.66 Also, although the use
of visual aids improves the
understanding of inexperienced
parents, those who have previously
had experience with a preterm birth
gained little from the aids.67 If
written or other visual aids are used,
the level of comprehension and
literacy of the parent needs to be
considered.

Regardless of the issues discussed
and decisions made during initial
counseling, ongoing support should
be provided. Parents will benefit from
additional discussion either before or
after delivery, regardless of whether
the newborn infant receives
resuscitation or intensive care.
Addressing parents’ questions and
concerns for a dying infant or the
uncertain future of their extremely
immature newborn infant will assist
them during this difficult time.

Developing and Improving
Communication Skills

In any institution, even those with
training programs, the threatened
birth of a periviable infant occurs
infrequently enough that less
experienced clinical staff and learners
have limited opportunities to observe
and to improve their communication
skills. Therefore, when such an
opportunity presents itself, an effort
should be made to include these
individuals in the process, with
appropriate supervision. This
involvement should be conducted in
a manner that is respectful and not
burdensome to the parents, and the
roles of all present should be made
clear. In addition to direct
observation, simulated counseling
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sessions can mirror the real-life
clinical situation and may assist
individuals in developing and
improving their communication
skills.68,69

Communication Among Providers

Good communication among health
care providers promotes optimal
decision-making. Whenever possible,
obstetricians and neonatologists
should discuss each case together
before, during, and after discussions
with the prospective parents. In
addition, with consultation from
related service providers (eg, family
support, social work, clinical ethics,
palliative care, chaplaincy), health
care institutions should develop
policies and procedures that will not
only frame discussions with parents
but also inform staff and physicians.70

Such guidance can be effectively used
to counsel parents and to improve
communication and consistency
between service providers.71

A general approach to communication
is suggested in the latest edition of
the American Academy of Pediatrics/
American Heart Association Textbook
of Neonatal Resuscitation:

“Meeting with parents prior to a very
high-risk birth is important for both the
parents and the neonatal care providers.
Both the obstetric provider and the
provider who will care for the baby after
birth should talk with the parents. Studies
have shown that obstetric and neonatal
perspectives are often different. If
possible, such differences should be
discussed prior to meeting with the
parents so that the information presented
is consistent. Sometimes, such as when
the woman is in active labor, it may seem
as if there is inadequate time for such
discussions. However, it is better to have
some discussion of potential issues, even
if brief, with the baby’s family than to wait
until after the baby is born to initiate such
conversations. Follow-up meetings can
take place if the situation changes over
subsequent hours and days.”43

CONCLUSIONS

1. Fetal gestational age, as currently
estimated, is an imprecise pre-
dictor of neonatal survival, but

22 weeks of gestation is generally
accepted as the lower threshold
of viability.

2. Although most infants delivered
between 22 and 24 weeks’
gestation will die in the neo-
natal period or have significant
long-term neurodevelopmental
morbidity, outcomes in indi-
vidual cases are difficult to
predict.

3. Outcomes of infants delivered at
22 to 24 weeks of gestation vary
significantly from center to
center.

4. Because of the uncertain out-
comes for infants born at 22 to
24 weeks’ gestation, it is reason-
able that decision-making
regarding the delivery room
management be individualized
and family centered, taking into
account known fetal and mater-
nal conditions and risk factors
as well as parental beliefs
regarding the best interest of
the child.

5. Attitudes vary not only between
providers and parents but also
among physicians and staff.
Ongoing interdisciplinary
communication and written
policies and procedures can
promote consistent, timely, and
effective counseling.

6. Optimal decision-making
regarding the delivery room
management can be promoted
through joint discussions
between the parents and both the
obstetric and neonatal care
providers whenever possible.

7. Factors to consider when
communicating with parents
include their ability to
comprehend the situation,
language preference, cultural and/
or religious considerations, and
family support structure. If the
parent has limited English
proficiency, an interpreter should
be used. Visual aids and outcome
data based on local institutional
experience may be helpful when

communicating concepts such as
mortality and morbidity.

8. Optimal use of the limited time
available, as well as the recogni-
tion and management of poten-
tial barriers to effective
communication, will facilitate an
effective discussion of anticipated
outcomes and options.

9. Clinical learners may benefit
from observing these prenatal
counseling sessions. In addition,
other educational tools, such as
simulations, can be used to help
them gain experience with such
situations.

10. When a decision is made not to
resuscitate a newborn infant,
comfort care is appropriate, as is
encouraging the family to spend
time with the dying/deceased
newborn infant. Providing
religious, psychosocial, and/or
palliative care support may assist
families at this difficult time.
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abstractApnea of prematurity is one of the most common diagnoses in the NICU. 
Despite the frequency of apnea of prematurity, it is unknown whether 
recurrent apnea, bradycardia, and hypoxemia in preterm infants are 
harmful. Research into the development of respiratory control in immature 
animals and preterm infants has facilitated our understanding of the 
pathogenesis and treatment of apnea of prematurity. However, the lack 
of consistent defi nitions, monitoring practices, and consensus about 
clinical signifi cance leads to signifi cant variation in practice. The purpose 
of this clinical report is to review the evidence basis for the defi nition, 
epidemiology, and treatment of apnea of prematurity as well as discharge 
recommendations for preterm infants diagnosed with recurrent apneic 
events.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

BACKGROUND

Apnea of prematurity is one of the most common diagnoses in the NICU. 
Despite the frequency of apnea of prematurity, it is unknown whether 
recurrent apnea, bradycardia, and hypoxemia in preterm infants are 
harmful. Limited data suggest that the total number of days with apnea 
and resolution of episodes at more than 36 weeks’ postmenstrual age 
(PMA) are associated with worse neurodevelopmental outcome in 
preterm infants.1,2 However, it is difficult to separate any potential 
adverse effects of apnea from the degree of immaturity at birth, because 
the incidence of apnea is inversely proportional to gestational age.3 
Research into the development of respiratory control in immature 
animals and preterm infants has facilitated our understanding of the 
pathogenesis and treatment of apnea of prematurity (Table 1). However, 
the lack of consistent definitions, monitoring practices, and consensus 
about clinical significance leads to significant variation in practice.4–6 
The purpose of this clinical report is to review the evidence basis for 
the definition, epidemiology, and treatment of apnea of prematurity as 
well as discharge recommendations for preterm infants diagnosed with 
recurrent apneic events.
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DEFINITION AND CLASSIFICATION

An apneic spell is usually defined 
as a cessation of breathing for 20 
seconds or longer or a shorter pause 
accompanied by bradycardia (<100 
beats per minute), cyanosis, or pallor. 
In practice, many apneic events in 
preterm infants are shorter than 20 
seconds, because briefer pauses in 
airflow may result in bradycardia 
or hypoxemia. On the basis of 
respiratory effort and airflow, 
apnea may be classified as central 
(cessation of breathing effort), 
obstructive (airflow obstruction 
usually at the pharyngeal level), 
or mixed. The majority of apneic 
episodes in preterm infants are 
mixed events, in which obstructed 
airflow results in a central apneic 
pause, or vice versa.

EPIDEMIOLOGY AND TIME COURSE TO 
RESOLUTION

In an observational study, 
Henderson-Smart3 reported that 
the incidence of recurrent apnea 
increased with decreasing gestational 
age. Essentially, all infants born 
at ≤28 weeks’ gestation were
diagnosed with apnea; beyond 28 
weeks’ gestation, the proportion of 
infants with apnea decreased, from 
85% of infants born at 30 weeks’ 
gestation to 20% of those born at 34 
weeks’ gestation. This relationship 
has important implications for NICU 
policy, because infants born at less 
than 35 weeks’ gestation generally 
require cardiorespiratory monitoring 
after birth because of their risk 
of apnea. As expected with a 
developmental process, some infants 
born at 35 to 36 weeks’ gestation 
may have respiratory control 
instability, especially when placed in 
a semiupright position.7

In Henderson-Smart’s study, apneic 
spells stopped by 37 weeks’ PMA in 
92% of infants and by 40 weeks’ PMA 
in more than 98% of infants.3 The 
proportion of infants with apnea/
bradycardia events persisting beyond 

38 weeks’ PMA is higher in infants 
who were 24 to 26 weeks’ gestational 
age at birth compared with those 
born at ≥28 weeks’ gestation.8
Infants with bronchopulmonary 
dysplasia may have delayed 
maturation of respiratory control, 
which can prolong apnea for as long 
as 2 to 4 weeks beyond term PMA.8 
In most infants, apnea of prematurity 
follows a common natural history, 
with more severe events that require 
intervention resolving first. Last to 
resolve are isolated, spontaneously 
resolving bradycardic events of 
uncertain clinical significance.8

Most studies examining the time 
course to resolution of apnea 
of prematurity have relied on 
nurses' recording of events in 
the medical record; however, 
several studies have shown a lack 
of correlation with electronically 
recorded events.9,10 Standard 
NICU monitoring techniques are 
unable to detect events that are 
primarily obstructive in nature. With 
continuous electronic recording, 
it is evident that some preterm 
infants continue to have clinically 
unapparent apnea, bradycardia, and 
oxygen desaturation events even 
after discharge. The Collaborative 
Home Infant Monitoring Evaluation 
Study examined the occurrence of 
apnea/bradycardia events in >1000 
preterm and healthy term infants 
monitored at home.11 “Extreme 
events” (apnea >30 seconds and/or 
heart rate <60 beats per minute for 
>10 seconds) were observed most
frequently in former preterm infants,
decreasing dramatically until about
43 weeks’ PMA. After 43 weeks’ PMA,
“extreme events” in both preterm
and term infants were very rare.

Preterm infants with resolved apnea 
also may have clinically unapparent 
intermittent hypoxia events. In a 
recent study in former preterm 
infants after discontinuation of 
medical therapy for apnea, the mean 
number of seconds/hour of oxygen 
saturation less than 80% was 20.3 
at 35 weeks’ PMA, decreasing to 6.8 
seconds/hour at 40 weeks’ PMA.12

MONITORING FOR APNEA/
BRADYCARDIA

Most infants in NICUs are 
continuously monitored for 
heart rate, respiratory rate, and 
oxygen saturation. Cardiac alarms 
are most commonly set at 100 
beats per minute, although lower 
alarm settings are acceptable in 
convalescent preterm infants. 
Apnea alarms are generally set 
at 20 seconds. However, apnea 
detection by impedance monitoring 
is potentially misleading. Impedance 
monitoring is prone to artifact 
attributable to body movement or 
cardiac activity and is unable to 
detect obstructive apnea. Practices 
differ as to when continuous 
oximetry is discontinued. In a study 
investigating the age at last recorded 
apnea and age at discharge from the 
hospital in 15 different NICUs, the 
duration of use of pulse oximetry was 
significantly different among hospital 
sites.5 Later discontinuation of pulse 
oximetry was associated with a later 
PMA at recorded last apnea and 
longer length of stay, suggesting that 
oximetry may detect events that 
cardiorespiratory monitoring does 
not.

There are no data to suggest that a 
diagnosis of apnea of prematurity is 

TABLE 1  Factors Implicated in the Pathogenesis of Apnea of Prematurity

Central Mechanisms Peripheral Refl ex Pathways

Decreased central chemosensitivity Decreased carotid body activity
Hypoxic ventilatory depression Increased carotid body activity
Upregulated inhibitory neurotransmitters Laryngeal chemorefl ex
Delayed central nervous system development Excessive bradycardic response
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associated with an increased risk of 
sudden infant death syndrome (SIDS) 
or that home monitoring can prevent 
SIDS in former preterm infants. 
Although infants born preterm have 
a higher risk of SIDS, epidemiologic 
and physiologic data do not support a 
causal link with apnea of prematurity. 
The mean PMA for SIDS occurrence 
for infants born between 24 and 
28 weeks’ gestation is estimated 
to be 47.1 weeks, compared with 
53.5 weeks for term infants.13 
Apnea of prematurity resolves at 
a PMA before which most SIDS 
deaths occur; in the Collaborative 
Home Infant Monitoring Evaluation 
Study, extreme events in former 
preterm infants resolved by 43 
weeks’ PMA.11 As such, routine home 
monitoring for preterm infants with 
resolved apnea of prematurity is not 
recommended. Cardiorespiratory 
monitoring after hospital discharge 
may be prescribed for some preterm 
infants with an unusually prolonged 
course of recurrent, extreme apnea. 
Current evidence suggests that if 
such monitoring is elected, it can be 
discontinued in most infants after 43 
weeks’ PMA unless indicated by other 
significant medical conditions.14

TREATMENTS

Xanthine Therapy

Methylxanthines have been the 
mainstay of pharmacologic treatment 
of apnea for decades. Adverse 
effects include tachycardia, emesis, 
and jitteriness. Both theophylline 
and caffeine are used, but caffeine 
citrate is preferred because of its 
longer half-life, higher therapeutic 
index, and lack of need for drug-level 
monitoring. Xanthines have multiple 
effects on respiration, including 
increased minute ventilation, 
improved carbon dioxide sensitivity, 
decreased periodic breathing, and 
decreased hypoxic depression of 
breathing. Their primary mechanism 
of action is thought to be blockade of 
inhibitory adenosine A1 receptors,

with resultant excitation of 
respiratory neural output, as well as 
blockade of excitatory adenosine A2A
receptors located on γ-aminobutyric
acidergic neurons. Specific 
polymorphisms in the A1 and A2A
adenosine receptor genes have been 
associated with a higher risk of apnea 
of prematurity as well as variability 
in response to xanthine therapy.15 
These observations may help explain 
apparent genetic susceptibility 
to apnea of prematurity, high 
concordance of its diagnosis in 
twins, and variability in response to 
xanthine therapy.16

The largest trial of caffeine citrate 
(Caffeine for Apnea of Prematurity 
Trial) randomly assigned 2006 
infants with birth weights between 
500 and 1250 g to caffeine or 
placebo in the first 10 postnatal 
days to prevent or treat apnea or 
to facilitate extubation.17 Dosing 
of caffeine citrate in this study 
included a loading dose of 20 mg/kg 
followed by maintenance of 5 mg/
kg per day, which could be increased 
to 10 mg/kg per day for persistent 
apnea. Caffeine-treated infants had 
a shorter duration of mechanical 
ventilation, lower incidence of 
bronchopulmonary dysplasia, and 
improved neurodevelopmental 
outcome at 18 months.18 Differences 
in neurodevelopmental outcome 
were less evident at 5 years but 
favored the caffeine-treated 
subjects.19 The study did not collect 
data on the frequency of apnea and 
therefore did not directly address 
the effect of caffeine on apnea; 
however, the data indicated that 
caffeine therapy, as used clinically 
in this trial, is safe and may have 
additional benefits by yet unknown 
mechanisms. However, the use 
of prophylactic caffeine solely for 
potential neurodevelopmental 
benefits requires additional study.

The optimal time to start caffeine 
therapy in infants at risk of apnea 
is not known. In infants >28 weeks’ 

gestation who do not require 
positive pressure support, one 
reasonable approach would be 
to await the occurrence of apnea 
before initiating therapy.20 In the 
Caffeine for Apnea of Prematurity 
Trial, earlier treatment with caffeine 
(<3 days) compared with later (≥3
days) was associated with a shorter 
duration of mechanical ventilation, 
although it is not clear whether 
infants started earlier on caffeine 
were assessed to be more likely to be 
extubated soon.21 In a retrospective 
cohort study in 62 056 infants with 
very low birth weight discharged 
between 1997 and 2010, early 
caffeine therapy compared with later 
therapy was associated with a lower 
incidence of bronchopulmonary 
dysplasia (23.1% vs 30.7%; odds 
ratio: 0.68; 95% confidence interval: 
0.69–0.80) as well as a shorter 
duration of mechanical ventilation 
(mean difference: 6 days; P < .001).22

Further trials are needed to assess 
the safety and the potential benefits 
of early prophylactic caffeine in 
infants who require mechanical 
ventilation.

No trials have addressed when to 
discontinue xanthine treatment in 
preterm infants; however, timely 
discontinuation is advised to avoid 
unnecessary delays in discharge. 
Because of variability in when 
apnea resolves, the use of any 
specific gestational age may result in 
unnecessarily continuing therapy.4,5,8 
One approach might be a trial off 
therapy after a clinically significant 
apnea-free period (off positive 
pressure) of 5 to 7 days or 33 to 34 
weeks’ PMA, whichever comes first. 
However, there may be significant 
effects of caffeine on respiratory 
control in preterm infants with 
clinically resolved apnea. A recent 
study in preterm infants who had 
been treated with caffeine for apnea 
showed a decrease in the frequency 
of intermittent hypoxia episodes 
in those who received a prolonged 
course of therapy compared with a 
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usual-care group.12 Further study 
is necessary to determine the 
implications of this finding.

Nasal Continuous Positive Airway 
Pressure

Nasal continuous positive airway 
pressure (NCPAP) at pressures of 4 
to 6 cm H2O, usually in conjunction
with treatment with a xanthine, is 
effective in reducing the frequency 
and severity of apnea in preterm 
infants.23 It appears to work by 
splinting open the upper airway and 
decreasing the risk of obstructive 
apnea.23 NCPAP may also decrease 
the depth and duration of oxygen 
desaturation during central apneas 
by helping maintain a higher end-
expiratory lung volume. Limited 
evidence suggests that variable-flow 
continuous positive airway pressure 
(CPAP) devices may be more 
effective in the reduction in apnea 
events than conventional delivery 
systems for CPAP (ventilator or 
bubble CPAP).24

Humidified high-flow nasal 
cannula or nasal intermittent 
positive-pressure ventilation 
may be acceptable substitutes for 
NCPAP. However, larger studies 
that specifically examine the 
advantages and disadvantages of 
nasal intermittent positive-pressure 
ventilation and high-flow nasal 
cannula versus conventional NCPAP 
on the incidence and severity of 
recurrent apnea are needed.

Blood Transfusion

An increase in respiratory drive 
resulting from increased oxygen-
carrying capacity, total content of 
oxygen in the blood, and increased 
tissue oxygenation is the proposed 
mechanism for red blood cell 
transfusions to reduce apnea of 
prematurity. Retrospective and 
prospective studies of the effects of 
blood transfusions on the incidence 
and severity of recurrent apnea 
in preterm infants are conflicting, 
perhaps because of a lack of blinding 

of caregivers.25,26 A recent study that 
used a novel computer algorithm 
to detect apnea, bradycardia, and 
oxygen desaturation in continuously 
recorded physiologic data from 67 
preterm infants showed decreased 
apnea for the 3 days after blood 
transfusions compared with 3 days 
before.27 These authors also reported 
that the probability of an apnea 
event in a 12-hour epoch was higher 
with a lower hematocrit, adjusted 
for PMA. These results suggest that 
anemia may increase the likelihood 
of apnea of prematurity and that 
blood transfusions may result in 
a short-term reduction in apnea. 
However, there are no data to 
indicate that blood transfusion 
results in any long-term reduction 
in apnea.

Gastroesophageal Refl ux Treatment

Preterm infants have a hyperreactive 
laryngeal chemoreflex response 
that precipitates apnea when 
stimulated. In addition, almost all 
preterm infants show some degree 
of gastroesophageal reflux (GER). 
These 2 physiologic observations 
have led to speculation that GER can 
precipitate apnea in preterm infants 
and that pharmacologic treatment 
of GER might decrease the incidence 
or severity of apnea. Despite the 
frequent coexistence of apnea and 
GER in preterm infants, several 
studies examining the timing of 
reflux episodes in relation to apneic 
events indicate that they are rarely 
temporally related.28,29 Additional 
data indicate that GER does not 
prolong or worsen concurrent 
apnea.30 There is no evidence that 
pharmacologic treatment of GER with 
agents that decrease gastric acidity or 
that promote gastrointestinal motility 
decreases the risk of recurrent apnea 
in preterm infants.31,32 Indeed, some 
studies have shown a coincident 
increase in recorded events with 
pharmacologic treatment of GER.32 In 
addition, recent data suggest harmful 
effects (including an increased 

incidence of necrotizing enterocolitis, 
late-onset sepsis, and death) of 
medications to reduce gastric acidity 
in preterm infants.33

DISCHARGE CONSIDERATIONS

Practice and management 
surrounding discharge decisions for 
infants with apnea of prematurity 
vary widely, but most physicians 
require infants to be apnea/
bradycardia free for a period of 
time before discharge. In 1 survey, 
the majority of neonatologists 
(approximately 75%) required a 
5- to 7-day observation period.4
Common practice is to initiate this
countdown period a few days after
discontinuation of caffeine therapy
(caffeine half-life, approximately
50–100 hours)34 and to include
only spontaneously occurring
(ie, not feeding-related) events.
Limited information exists about the
recurrence of apnea or bradycardia
after a specific event-free period.
In a retrospective cohort of 1400
infants born at ≤34 weeks’ gestation,
Lorch et al35 reported that a 5- to 
7-day apnea-free period successfully
predicted resolution of apnea in
94% to 96% of cases. However,
the success rate was significantly
lower for infants born at younger
gestational ages. A 95% success
rate threshold was 1 to 3 apnea-free
days for infants born at ≥30 weeks’
gestation, 9 days for those born at 
27 to 28 weeks’ gestation, and 13 
days for infants born at <26 weeks’ 
gestation. Similar gestational age 
effects were observed in another 
smaller retrospective study by 
Zupancic et al.36 These results 
suggested that the specified event-
free period need not be uniform for 
all infants, and shorter durations 
may be considered for older 
gestational ages. However, such 
recommendations are based on 
observed events, which may not 
be accurate, and the prescribed 
event-free periods do not 
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preclude the possibility that a new 
circumstance (eg, intercurrent 
illness) may result in the 
re-emergence of apnea.

Discharge considerations are usually 
based on nursing observation and 
recording of apnea or bradycardia 
events, which may not always 
correlate with those events that are 
electronically recorded.9,10 Preterm 
infants with a history of apnea 
who are otherwise deemed ready 
for discharge may have clinically 
unsuspected apnea, bradycardia, 
and/or hypoxemia events if archived 
continuous electronic recording is 
interrogated.37 There is no evidence, 
however, that such events predict the 
recurrence of clinically significant 
events on discharge, SIDS, or the 
need for readmission to the hospital. 
As such, more intensive monitoring 
or pneumogram recordings in 
convalescent preterm infants 
approaching discharge may not be 
useful. However, standardizing the 
documentation and clinical approach 
to apnea within individual NICUs 
may reduce the variation in discharge 
timing.38

Infants born preterm may develop 
apnea and other signs of respiratory 
control instability with certain 
stresses, including general anesthesia 
and viral illnesses. Additional close 
monitoring in these situations may 
be indicated in preterm infants 
until 44 weeks’ PMA, including 
former preterm infants readmitted 
for elective surgical procedures, 
such as hernia repair. In addition, 
the exacerbation of apnea has 
been reported in very preterm 
infants after their initial 2-month 
immunizations or ophthalmologic 
examinations, and rarely after the 
4-month immunizations, while still in
the NICU.39

CLINICAL IMPLICATIONS

1. Apnea of prematurity reflects
immaturity of respiratory
control. It generally resolves by

36 to 37 weeks’ PMA in infants 
born at ≥28 weeks’ gestation.

2. Infants born at <28 weeks’
gestation may have apnea that
persists to or beyond term
gestation.

3. Individual NICUs are encouraged
to develop policies for
cardiorespiratory monitoring
for infants considered at risk of
apnea of prematurity.

4. Initial low heart rate alarms are
most commonly set at 100 beats
per minute. Lower settings for
convalescent preterm infants
older than 33 to 34 weeks’ PMA
may be reasonable.

5. Caffeine citrate is a safe and
effective treatment of apnea of
prematurity when administered
at a 20-mg/kg loading dose
and 5 to 10 mg/kg per day
maintenance. Monitoring routine
serum caffeine levels usually is
not contributory to management.
A trial off caffeine may be
considered when an infant has
been free of clinically significant
apnea/bradycardia events off
positive pressure for 5 to 7
days or at 33 to 34 weeks’ PMA,
whichever comes first.

6. Evidence suggests that GER is
not associated with apnea of
prematurity, and treatment of
presumed or proven GER solely
for the reduction in apnea events
is not supported by currently
available evidence.

7. Brief, isolated bradycardic
episodes that spontaneously
resolve and feeding-related
events that resolve with
interruption of feeding are
common in convalescent
preterm infants and generally
need not delay discharge.

8. Individual units are encouraged
to develop policies and
procedures for caregiver
assessment, intervention,
and documentation of apnea/

bradycardia/desaturation events 
as well as the duration of the 
period of observation before 
discharge.

9. A clinically significant apnea
event–free period before
discharge of 5 to 7 days is
commonly used, although a
longer period may be suitable
for infants born at less than
26 weeks’ gestation. The specific
event-free period may need
to be individualized for some
infants depending on the
gestational age at birth and
the nature and severity of
recorded events.

10. Interrogation of electronically
archived monitoring data may
reveal clinically unsuspected
events of uncertain significance.
Such events do not predict
subsequent outcomes, including
recurrent clinical apnea or SIDS.
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ABBREVIATIONS

CPAP:  continuous positive airway 
pressure

GER:  gastroesophageal reflux
NCPAP:  nasal continuous positive 

airway pressure
PMA:  postmenstrual age
SIDS:  sudden infant death 
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Diagnosis and Management 
of Gastroesophageal Reflux 
in Preterm Infants
Eric C. Eichenwald, MD, FAAP, COMMITTEE ON FETUS AND NEWBORN

Gastroesophageal reflux (GER), generally defined as the passage of gastric 
contents into the esophagus, is an almost universal phenomenon in 
preterm infants. It is a common diagnosis in the NICU; however, there is 
large variation in its treatment across NICU sites. In this clinical report, the 
physiology, diagnosis, and symptomatology in preterm infants as well as 
currently used treatment strategies in the NICU are examined. Conservative 
measures to control reflux, such as left lateral body position, head elevation, 
and feeding regimen manipulation, have not been shown to reduce clinically 
assessed signs of GER in the preterm infant. In addition, preterm infants 
with clinically diagnosed GER are often treated with pharmacologic agents; 
however, a lack of evidence of efficacy together with emerging evidence of 
significant harm (particularly with gastric acid blockade) strongly suggest 
that these agents should be used sparingly, if at all, in preterm infants.

abstract

INTRODUCTION

Gastroesophageal reflux (GER), generally defined as the passage of gastric 
contents into the esophagus, 1 is an almost universal phenomenon in 
preterm infants. The normal physiologic occurrence of GER in infants 
can be distinguished from pathologic GER disease, which includes 
troublesome symptoms or complications associated with GER.2 GER 
occurs commonly in infants, in part because of relatively large volumes 
ingested during feeding and supine positioning, which frequently place 
the gastroesophageal junction in a liquid environment. Whether GER 
becomes clinically significant depends on both the quality (eg, degree 
of acidity) and quantity of reflux3,  4 as well as potential injury to the 
esophageal mucosa. GER is a common diagnosis in the NICU; however, 
there is as much as a 13-fold variation in its diagnosis and treatment 
across sites.5,  6 Preterm infants who are diagnosed with GER have longer 
hospital stays and higher hospital costs than infants without GER, 5,  7,  8 
making it an important clinical phenomenon in the NICU.
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GER in preterm infants is most often 
diagnosed and treated on the basis 
of clinical and behavioral signs 
rather than on specific testing to 
prove or disprove pathology, 6 and 
many infants continue to be treated 
after they are discharged from 
the hospital.9 However, evidence 
that GER causes harm in preterm 
infants is scant.10,  11 Indeed, routine 
use of antireflux medications for 
the treatment of symptomatic GER 
in preterm infants was 1 of the 
therapies singled out as being of 
questionable value in the recent 
American Academy of Pediatrics 
(AAP) Choosing Wisely campaign.12

In this clinical report, the following 
will be reviewed: (1) the physiology 
of GER in preterm infants, (2) 
methods for its diagnosis, (3) 
evidence that it is associated with 
the signs frequently attributed 
to GER, and (4) the safety and 
efficacy of nonpharmacologic and 
pharmacologic therapy.

PHYSIOLOGY

The primary mechanism of GER in 
preterm infants is transient lower 
esophageal sphincter relaxation 
(TLESR). TLESR is an abrupt reflex 
decrease in lower esophageal 
sphincter (LES) pressure to levels 
at or below intragastric pressure, 
unrelated to swallowing. Preterm 
infants have dozens of episodes of 
TLESR each day, 13 many of which 
are associated with some degree 
of GER. As such, GER is a normal 
phenomenon in preterm infants, 
which is exacerbated by a pure 
liquid diet and age-specific body 
position.3 In addition, the presence 
of an indwelling gastric tube through 
the esophageal sphincter increases 
the frequency of GER, presumably 
secondary to impaired closure of the 
LES.14 Delayed gastric emptying does 
not appear to play a contributory 
role in GER in preterm infants, in that 
infants with symptomatic GER do 
not have delayed gastric emptying 

compared with other infants.15, 16  
However, GER is more common 
immediately after a feeding, likely 
because of gastric distension.15 
Body position also influences TLESR 
and GER in preterm infants. Infants 
placed in the right-side-down lateral 
position after a feeding have more 
TLESR episodes and liquid reflux 
compared with the left-side-down 
lateral position, despite gastric 
emptying being enhanced in the 
right lateral position.17,  18 Prone 
position also decreases episodes of 
GER versus supine position, likely 
because of more optimal positioning 
of the LES relative to the distended 
stomach.17

Mechanisms to protect the esophagus 
and airway from GER appear to be 
intact in the preterm infant. These 
include reflex forward peristalsis 
of the esophagus in response to 
distention from refluxate in the lower 
esophagus with closure of the upper 
esophageal sphincter to prevent 
refluxate reaching the pharynx. 
Despite these mechanisms, if refluxed 
material does reach the upper 
esophagus, the upper esophageal 
sphincter will reflexively open to 
allow the material into the pharynx, 
which results in the frequent 
episodes of “spitting” or emesis 
observed in infants.

DIAGNOSIS

Several methods have been used 
to diagnose GER in the preterm 
population, including contrast 
fluoroscopy, pH monitoring, and 
multichannel intraesophageal 
impedance (MII) monitoring. 
Although contrast fluoroscopy can 
be used to show episodes of reflux, 
it cannot be used to differentiate 
clinically significant GER from 
insignificant GER. Monitoring of 
pH in the lower esophagus has 
classically been used to diagnose GER 
in older children and adults. Reflux 
of acidic gastric contents results in 
transient periods of acidity in the 

lower esophagus. Common measures 
obtained from pH probe monitoring 
include the total number of reflux 
episodes, the duration of the longest 
reflux episode, and the “reflux 
index” (RI), which is the percentage 
of the total recording time with an 
esophageal pH <4. In pH studies, an 
RI >7% is considered abnormal, an 
RI <3% considered normal, and RIs 
between 3% and 7% are considered 
indeterminate.2 However, labeling 
a study “abnormal” does not prove 
that it is causing the symptoms in 
question.

Measurement of esophageal pH is not 
a reliable method to diagnose GER 
in preterm infants19 because their 
stomach pH is rarely <4 owing to 
frequent milk feedings and a higher 
baseline pH. In addition, abnormal 
esophageal pH does not correlate 
well with symptom severity.20 Other 
measures that have been investigated 
include the presence of pepsin in 
saliva21 and the pH of oropharyngeal 
secretions.22 Although these 
measures may correlate with acidic 
reflux, it is unknown whether they 
correlate with symptom severity.

Currently, the most accurate method 
for detecting GER is MII monitoring, 
which is frequently combined with 
simultaneous measurement of 
pH.2 MII can be used to track the 
movement of fluids, solids, and air 
in the esophagus by measuring 
changes in electrical impedance 
between multiple electrodes along 
an esophageal catheter. MII can be 
used to discern whether a fluid bolus 
is traveling antegrade (swallow) or 
retrograde (reflux) in the esophagus 
and can be used to determine the 
height of the retrograde bolus. It is a 
reliable and reproducible technique 
for diagnosing GER in preterm 
infants14 and can be combined with 
a pH sensor to determine if GER is 
acidic, mildly acidic, or alkaline.  
López-Alonso et al23 measured 
24-hour MII and pH in 26 healthy 
preterm infants with a median
postmenstrual age of 32 weeks.
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The median number of reflux episodes 
recorded in 24 hours was 71; 25.4% 
were acidic, 72.9% were weakly 
acidic, and 2.7% were alkaline. Of 
note, the gastric pH was higher than 4 
for almost 70% of the recording time. 
Not surprisingly, periods of feeding 
were associated with a higher number 
of total reflux events per hour.

In practice, GER is diagnosed most 
often in infants on the basis of 
clinical and behavioral signs and/or 
response to a trial of pharmacologic 
or nonpharmacologic interventions.6 
Signs attributed to GER include 
feeding intolerance, poor growth, 
apnea, desaturation and bradycardia, 
and worsening pulmonary disease 
as well as nonspecific behavioral 
signs including arching, irritability, 
and apparent discomfort associated 
with feedings. There is no evidence, 
however, that these signs are 
temporally associated with measured 
GER episodes.20,  24,  25 In 1 study of 
40 preterm and 18 term infants 
evaluated with combined MII/pH 
testing for a clinical suspicion of 
GER, signs (including irritability, 
bradycardia and desaturations, or 
feeding intolerance) were rarely 
associated with documented reflux 
events.20 In another study of 14 
healthy preterm infants, Snel et al24 
recorded both esophageal pH and 
infant behaviors. General behavior 
scores did not change during 
esophageal acidification episodes. 
In addition, infants frequently 
demonstrated behaviors ascribed 
to GER (apparent discomfort, 
head retraction, and “mouthing”) 
unrelated to pH-documented 
GER episodes. In these results, it 
is suggested that preterm infant 
behaviors commonly ascribed to 
reflux are, in reality, not associated 
with GER and that treatment should 
not be based solely on clinical signs.

GER IN THE PRETERM INFANT

Several clinical conditions are thought 
to be associated with GER in the 

preterm infant, although analyses are 
hampered because most cases of GER 
are diagnosed clinically.

Apnea, Desaturation, and 
Bradycardia

Preterm infants have a hyperreactive 
laryngeal response to chemoreceptor 
stimulation that precipitates apnea 
or bradycardia. In addition, as 
previously noted, almost all preterm 
infants have some GER. These 2 
observations have led to speculation 
that GER can precipitate apnea, 
oxygen desaturation, and bradycardia 
episodes in preterm infants and that 
pharmacologic treatment of GER 
might decrease the incidence or 
severity of these events.26 However, 
researchers examining the timing of 
reflux episodes in relation to apneic 
events have found that they are 
rarely temporally related14,  27 and 
that GER does not prolong or worsen 
apnea.28 In 1 study, small amounts 
of normal saline were infused into 
the pharynx of sleeping preterm 
infants at term-equivalent age. The 
investigators found that swallow 
frequency increased, but apnea did 
not occur, 29 and they suggested that 
apnea is provoked when the larynx, 
not the pharynx, is stimulated. The 
larynx is not usually stimulated by 
reflux of small amounts of liquid. 
Finally, there is no evidence that 
pharmacologic treatment of GER  
with agents that decrease gastric 
acidity or promote gastrointestinal 
motility decrease the risk of 
recurrent apnea or bradycardia  
in preterm infants.30,  31

Respiratory Disease and 
Bronchopulmonary Dysplasia

Proving a causal relationship 
between GER and respiratory 
symptoms in children has been 
difficult. Suggested methods of 
diagnostics, such as GER scintigraphy 
and the presence of lipid-laden 
macrophages in bronchoalveolar 
lavage, lack specificity32 or correlate 
poorly with esophageal impedance 
and fail to differentiate reflux-related 

aspiration from primary aspiration 
from above.33 In 1 study, children 
with a heterogeneous array of 
chronic lung problems who had 
documented GER had higher 
concentrations of pepsin and 
inflammatory interleukins in their 
bronchoalveolar lavage fluid than 
those without GER, suggesting 
microaspiration may contribute to 
their lung disease.34

It is not clear whether GER 
causes “silent” microaspiration 
in mechanically ventilated 
preterm infants that worsens lung 
disease, particularly in infants 
with developing or established 
bronchopulmonary dysplasia 
(BPD). In 1 study, it was reported 
that pepsin was detected in 93% of 
tracheal aspirates obtained from 
intubated preterm infants during 
the first postnatal month, 35 and in 
addition, that ventilated preterm 
infants who developed BPD had 
higher levels of tracheal aspirate 
pepsin than those who did not. In 
addition, these investigators reported 
that increased concentrations 
of pepsin were associated with 
increased severity of BPD36 and 
speculated that chronic aspiration 
of gastric contents may contribute 
to the development of BPD. 
However, these results should be 
interpreted with caution because 
of emerging data on the low 
sensitivity and specificity of pepsin in 
bronchoalveolar lavage assays for the 
detection of GER-related aspiration.37

In contrast, Akinola et al38 reported 
no relationship between the 
diagnosis of BPD and the clinical 
diagnosis of GER confirmed by 
esophageal pH monitoring.38 In a 
small study comparing combined 
MII and pH monitoring in 12 infants 
with BPD and 34 without who were 
evaluated for clinical signs believed 
to be attributable to GER, infants 
with BPD had a similar number of 
documented reflux events as infants 
without BPD.25 In both groups, fewer 
than 10% of the documented reflux 
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events were temporally associated 
with reflux symptoms as assessed 
by nursing observation. However, 
infants with BPD were more likely 
to have “pH only events” (acidic pH 
in the lower esophagus without an 
associated MII determined reflux 
event), which were more often 
associated with symptoms, but at a 
low frequency (9% vs 4.9% in infants 
without BPD). Although infants 
with evolving BPD are more likely 
to have a diagnosis of and receive 
therapy for GER, 39 with these results, 
it is suggested that these infants do 
not have an increased incidence of 
symptomatic GER.

Feeding Problems

Some infants and children with 
GER may exhibit feeding problems, 
including feeding resistance, failure 
to thrive, or food aversion.40,  41 
Although preterm infants may 
have frequent regurgitation, there 
is no evidence that this leads to 
poor growth or other nutritional 
difficulties.7,  42 Although preterm 
infants with a diagnosis of GER are 
sometimes treated with prokinetic 
agents to enhance gastric emptying, 6  
there are no data to suggest that 
delayed gastric emptying is a 
physiologic mechanism for GER 
in this population.15 As noted 
previously, other feeding-related 
behaviors in preterm infants often 
attributed to GER, including feeding-
associated arching or irritability 
and oral feeding aversion, are not 
temporally associated with MII or 
lower pH documented reflux events 
and, thus, are not reliable markers of 
clinically significant reflux.20,  24

TREATMENT

Although preterm infants frequently 
receive nonpharmacologic and 
pharmacologic therapy for GER, 
there is a paucity of data about the 
effect of treatment on symptoms 
or short- and long-term outcomes. 
Furthermore, the lack of randomized 

placebo-controlled trials of GER 
therapies in preterm infants makes it 
difficult to assess the efficacy of long-
term therapy versus the expected 
natural history of GER. Despite the 
lack of data, in recent years, the use 
of antireflux medications both in 
the NICU and after discharge has 
substantially increased.9,  43

Nonpharmacologic Management

Body Positioning

Body positioning is widely used 
as a conservative management 
approach to infants believed to have 
GER. Placing infants on a head-up 
angle is a common initial approach 
to management; however, head 
elevation is ineffective in reducing 
acid reflux in older infants. In 
addition, car seat placement was 
found to elicit worse acid GER in term 
infants.44 – 46 This position has not 
been studied in preterm infants to 
prevent symptomatic GER, but there 
is no reason to expect the physiologic 
result would be different from term 
infants. Placing preterm infants in 
the left lateral versus right lateral 
position after feeding and in prone 
versus supine position may reduce 
TLESRs and reflux episodes.15, 17,  18 
However, although placement in the 
right lateral position may increase 
reflux episodes after feeding, van 
Wijk et al18 showed that this position 
also enhanced gastric emptying. 
These authors suggested placing 
infants in the right lateral position 
immediately after feeding, followed 
in 1 hour by placing them in the 
left lateral position to decrease 
acid reflux. However, 1 small MII 
and pH study of term infants at a 
mean postnatal age of 13 weeks 
revealed that, despite a reduction 
in reflux episodes in the left lateral 
position, behavioral manifestations 
of reflux (crying and/or irritability) 
did not improve.47 Thus, whether 
positioning techniques can reduce 
signs of GER in infants with reflux 
remains uncertain. Given that 
lateral and prone positioning also 

increase the risk of sudden infant 
death syndrome (SIDS), 48 the AAP 
and the North American Society 
for Pediatric Gastroenterology 
and Nutrition have concurred that 
infants with GER should be placed 
for sleep in the supine position, with 
the exception of the rare infants for 
whom the risk of death from GER 
is greater than the risk of SIDS.2 
The AAP Task Force on SIDS, after 
conferring with the authors of the 
North American Society for Pediatric 
Gastroenterology and Nutrition 
statement, provided additional 
guidance: “Examples of such upper 
airway disorders are those in which 
airway-protective mechanisms are 
impaired, including infants with 
anatomic abnormalities, such as 
type 3 or 4 laryngeal clefts, who 
have not undergone antireflux 
surgery.” 48 Safe sleep approaches, 
including supine positioning on a 
flat and firm surface and avoidance 
of commercial devices designed to 
maintain head elevation in the crib, 
should be paramount as a model 
for parents of infants approaching 
discharge (ie, infants greater than 32 
weeks’ postmenstrual age) from the 
hospital.49

Feeding Strategies

If GER results from increased  
intragastric pressure, smaller-volume  
feedings given more frequently  
might result in fewer GER episodes.  
Omari et al15 reported that feeding 
hourly, compared with feeding every 
2 or 3 hours, resulted in fewer total 
GER episodes but more frequent 
acidic reflux episodes. Jadcherla  
et al50 reported that longer feeding 
duration and slower milk flow rates 
were associated with fewer GER 
events, diagnosed by MII and pH 
study, although nutrient composition 
of expressed human milk may be 
compromised with this approach. No 
randomized trials have been used to 
compare the effects of continuous 
intragastric or transpyloric versus 
bolus intragastric tube feedings on 
GER symptom severity.51
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Another feeding strategy has been 
to thicken feedings with agents 
including xanthan gum, starch, 
or rice cereal.52 Unfortunately, in 
recent data, researchers have linked 
thickening with a xanthan gum 
product to late-onset necrotizing 
enterocolitis53; as such, it is 
recommended that xanthan gum 
or similar thickeners not be used 
in preterm or former preterm 
infants in the first year of life. 
Commercially available formula 
products that thicken on acidification 
in the stomach are not nutritionally 
appropriate for preterm infants.  
A systematic review of randomized 
controlled trials of thickened 
formulas in term infants with GER 
revealed that although these agents 
reduced episodes of regurgitation, 
they were ineffective in reducing 
acidic GER.54 Only small trials of 
thickeners have been performed in 
the preterm population. In 1 trial of 
a starch-thickened preterm formula, 
the total number of GER episodes 
was unchanged compared with a 
standard formula feeding; however, 
total lower esophageal acid exposure 
was less with the thickened formula 
feeding. No assessment was made 
about whether the reduction in acid 
exposure had an effect on associated 
symptoms.55

In the data, it is suggested 
that elemental or extensively 
hydrolyzed protein formulas reduce 
gastrointestinal transit time and 
reduce symptoms in term infants 
with symptomatic GER.56 These 
observations in term infants may 
be an overlap of signs of cow milk 
protein allergy and those attributed 
to GER, including vomiting, failure 
to thrive, and irritability.57 In 
contrast, in small studies of preterm 
infants, although feeding with 
extensively hydrolyzed protein 
formula compared with standard 
formula or human milk resulted in 
fewer reflux episodes as measured 
by MII and pH study, 58,  59 it did not 
reduce behavioral signs of GER.59 

It is unclear what role cow milk 
protein allergy may play in preterm 
infants with signs of GER; a trial of 
extensively hydrolyzed protein-based 
formula may be reasonable in  
age-appropriate preterm infants  
with signs of severe reflux.

Pharmacologic Management

Prokinetic Agents

Prokinetic (promotility) agents 
include metoclopramide, 
domperidone, and erythromycin. 
Prokinetic agents have been widely 
used in older infants to reduce the 
symptoms of GER. These drugs 
appear to improve gastric emptying, 
reduce regurgitation, and enhance 
LES tone. None of these drugs has 
been shown to reduce GER symptoms 
in preterm infants, 60,  61 and all 
have the potential for significant 
adverse effects, including a higher 
risk of infantile pyloric stenosis 
(erythromycin), cardiac arrhythmia 
(erythromycin), and neurologic 
side effects (domperidone and 
metoclopramide). Because of a lack of 
data about efficacy and a concerning 
safety profile, these drugs should not 
be used in preterm infants if the only 
indication is the treatment of GER.

Sodium Alginate

In older infants and children, 
researchers in several studies have 
revealed that alginate-containing 
formulations, which are frequently 
combined with sodium bicarbonate, 
may reduce the symptoms of GER.61 
In the presence of gastric acid, 
alginate formulations precipitate 
into a low-density viscous gel that 
acts as a physical barrier to the 
gastric mucosa; when combined with 
sodium bicarbonate (Gaviscon), a 
carbon dioxide foam forms, which 
preferentially is refluxed into the 
esophagus during GER events, 
protecting the lower esophagus 
from acidification. In preterm 
infants in small studies, sodium 
alginate preparations decreased the 
number of acidic GER episodes and 

total esophageal acid exposure62 
and decreased the frequency of 
regurgitation.63 However, the long-
term safety of these preparations 
in preterm infants has not been 
evaluated.

Histamine-2 Receptor Blockers

Histamine-2 (H2) receptor blockers 
(eg, ranitidine, famotidine) compete 
with histamine for the H2 receptor 
in the parietal cells in the stomach, 
decreasing hydrochloric acid 
secretion and increasing intragastric 
pH. H2 receptor blockers are 
frequently prescribed for infants in 
whom GER is clinically diagnosed6,  9  
on the theory that these symptoms 
are secondary to acidic reflux into 
the lower esophagus. However, 
no researchers have assessed 
the efficacy of H2 blockers on the 
symptom profile of preterm infants 
with presumed reflux. In addition, 
use of these drugs in preterm infants 
has been linked to an increased 
incidence of necrotizing enterocolitis 
in several studies64 and a higher 
incidence of late-onset infections 
and death, 65 possibly resulting 
from alteration of the intestinal 
microbiome.66

Proton Pump Inhibitors

Proton pump inhibitors (PPIs) block 
the gastric proton pump, decreasing 
both basal and stimulated parietal 
cell acid secretion. PPIs in older 
children have been associated with 
a higher risk of gastric bacterial 
overgrowth, gastroenteritis, and 
community-acquired pneumonia.67 – 69 
PPIs are used less often than H2 
blockers in preterm infants but are 
used for similar indications.9 Given 
their effect on gastric acid secretion, 
it is likely that PPIs would have 
similar potential adverse effects as 
H2 blockers, although this has not 
been investigated. Although there 
is evidence that administration 
of PPIs will consistently maintain 
the stomach pH >4 in preterm 
infants, they are largely ineffective 
in relieving clinical signs of GER. In 
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randomized double-blind placebo-
controlled trials, both omeprazole 
and lansoprazole were ineffective 
in reducing GER signs in infants. In 
addition, lansoprazole was associated 
with a higher rate of adverse 
events.70

SUMMARY AND RECOMMENDATIONS

1. GER is almost universal in
preterm infants. It is a physiologic
process secondary to frequent
TLESR, relatively large-volume
liquid diet, and age-specific
body positioning. As such, it
is a normal developmental
phenomenon that will resolve
with maturation.

2. Pathologic GER occurs when reflux
of acidic gastric contents causes
injury to the lower esophageal
mucosa. Although preterm infants
do have some acidic GER episodes,
most GER episodes in this
population are only weakly acidic
because of their lower gastric
acidity and frequent milk feedings,
making such esophageal injury
unlikely to occur.

3. Signs commonly ascribed to
GER in preterm infants include
feeding intolerance or aversion,
poor weight gain, frequent
regurgitation, apnea, and
desaturation and bradycardia
and behavioral signs, including
irritability and perceived
postprandial discomfort. In the
data, the temporal association of
these perceived signs of GER with
either acidic or nonacidic reflux
episodes as measured by MII and
pH is not supported, and the signs
will usually improve with time
without treatment.

4. Data regarding the possible
association between worsening
lung disease attributable to
GER and microaspiration in
mechanically ventilated preterm
infants are sparse. Further studies
to elucidate such an association
and to assess the effect of GER
treatment on the severity of lung
disease are needed.

5. There is marked variability in
the diagnosis and treatment of
GER in preterm infants among
NICUs, perhaps because the
diagnosis is usually made by
clinical assessment of signs
and symptoms and/or a
trial of nonpharmacologic or
pharmacologic treatment rather
than definitive tests.

6. Conservative measures to control
reflux, such as left lateral body
position, head elevation, and
feeding regimen manipulation,
have not been shown to reduce
clinically assessed signs of
GER in the preterm infant; for
infants greater than 32 weeks’
postmenstrual age, safe sleep
approaches, including supine
positioning on a flat and firm
surface and avoidance of
commercial devices designed to
maintain head elevation in the
crib, should be paramount as
a model for parents of infants
approaching discharge from the
hospital.

7. Preterm infants with clinically
diagnosed GER are often treated
with pharmacologic agents;
however, a lack of evidence of
efficacy together with emerging
evidence of significant harm
(particularly with gastric acid
blockade) strongly suggest that

these agents should be used 
sparingly, if at all, in preterm 
infants.
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abstractThe use of donor human milk is increasing for high-risk infants, primarily 
for infants born weighing <1500 g or those who have severe intestinal 
disorders. Pasteurized donor milk may be considered in situations in which 
the supply of maternal milk is insuffi cient. The use of pasteurized donor milk 
is safe when appropriate measures are used to screen donors and collect, 
store, and pasteurize the milk and then distribute it through established 
human milk banks. The use of nonpasteurized donor milk and other forms 
of direct, Internet-based, or informal human milk sharing does not involve 
this level of safety and is not recommended. It is important that health 
care providers counsel families considering milk sharing about the risks of 
bacterial or viral contamination of nonpasteurized human milk and about 
the possibilities of exposure to medications, drugs, or herbs in human milk. 
Currently, the use of pasteurized donor milk is limited by its availability 
and affordability. The development of public policy to improve and expand 
access to pasteurized donor milk, including policies that support improved 
governmental and private fi nancial support for donor milk banks and the 
use of donor milk, is important.

INTRODUCTION

Human milk provides health benefits for all newborn infants but is of 
particular importance for high-risk infants, especially those born with 
very low birth weight (<1500 g). Donor human milk also can be beneficial 
to supplement the mother’s own milk when necessary. The evidence to 
support the use of donor human milk has been reviewed,  1   – 6 and recent 
studies 7 – 9 support health benefits for its use in infants with a birth weight 
<1500 g, especially in decreasing rates of necrotizing enterocolitis.

Donor milk banks represent a safe and effective approach to obtaining, 
pasteurizing, and dispensing human milk for use in NICUs and other 
settings. However, accessibility to donor milk in the United States 
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continues to be substantially 
limited in terms of supply, cost, 
and distribution. Because of these 
limitations, some parents have 
chosen to exchange human milk that 
is not pasteurized or handled by 
an established milk bank with each 
other (milk sharing). This report 
reviews the preparation, safety, and 
usage options for donor human milk 
in the United States.

PREPARATION OF DONOR HUMAN MILK, 
PASTEURIZATION, AND DISTRIBUTION

The number of human milk banks 
in the United States is increasing. 
Currently, there are 20 donor milk 
banks in the United States and 4 in 
Canada that pasteurize milk as part 
of a professional organization for 
supporters of nonprofit human milk 
banking, the Human Milk Banking 
Association of North America 
(HMBANA); 7 others are in various 
stages of planning and development 
(www. hmbana. org). In addition, 
several commercial (for-profit) 
human milk banks collect, pasteurize, 
and distribute donor human milk but 
are not part of HMBANA.

Donor Human Milk Collection

HMBANA has established policies 
for donor human milk collection, as 
do commercial human milk banks. 10 
These have been described in the 
literature 1,  2 and in the policies 
usually found on the Web sites of the 
individual milk banks. Guidelines for 
donors include completion of a health 
screen, blood serologic testing, and 
detailed instructions on collecting, 
storing, and shipping milk. 10 In 
contrast, direct milk sharing or 
other forms of milk collection and 
distribution are extremely variable 
in the screening of donors and 
the methods of milk storage and 
transportation.

Pasteurization

Several methods may be used to 
pasteurize donor human milk, 

and these have been reviewed 
extensively. 1,  3,  11 The Holder 
pasteurization method uses heating 
at 62.5°C for 30 minutes and is the 
primary method used by HMBANA 
milk banks. One commercial milk 
bank, Medolac Laboratories (Lake 
Oswego, OR), uses a different thermal 
pasteurization system.

Distribution

In the United States and Canada, 
most donor milk is distributed by 
established milk banks to NICUs. 
Each milk bank and/or processing 
center has policies, including 
cost-related guidelines, for this 
distribution. The distribution of 
donor milk may be subject to federal 
or state guidelines in some situations, 
but at the time of this publication, 
there are no restrictions on the use of 
pasteurized donor human milk in any 
state in the United States.

Frozen donor human milk is 
distributed by using shipping 
guidelines established by the 
milk banks. Receiving hospitals 
are provided guidance related to 
temperature and other storage 
conditions for the milk, and these 
may be subject to state and local 
regulations. Hospitals that use 
frozen donor human milk must have 
properly regulated freezers and other 
methods for handling and tracking 
donor milk.

SAFETY

Human milk is a biological product; 
therefore, whether from an infant’s 
own mother or a donor mother, 
there will always be concerns 
about contamination. Possible 
contaminants are infectious agents, 
including both bacteria and viruses, 
and contamination with other 
substances, most notably toxic 
components in the environment (eg, 
pesticides, mercury, medications, 
drugs, or herbs).

Although a detailed description of 
each of these is beyond the scope of 

this statement, the processes used in 
pasteurization of donor human milk 
are highly effective in removing viral 
infectious contaminants. 10   –14 Human 
milk banks vary in their approach to 
bacterial screening of incoming milk, 
but postpasteurization bacteriologic 
cultures are performed routinely. 
Published data 10,  11 have revealed a 
very low or unmeasurable level of 
infectious contaminants. Families 
and caregivers may be reassured 
that, at the time of this publication, 
there are no reported cases of 
pasteurized donor human milk 
causing an infection with hepatitis 
viruses or HIV and that the likelihood 
of this type of infection occurring in 
a neonate given donor human milk is 
extremely small.

With regard to noninfectious 
contaminants, although these can 
be difficult to completely eliminate, 
the pooling process with donor milk 
makes it very unlikely that these 
will represent a significant exposure 
risk. An exception to this is cow milk 
protein, which is present in the milk 
of mothers who include dairy in their 
diet. The contamination of human 
milk purchased via the Internet with 
cow milk (up to a 10% dilution of 
the human milk) has recently been 
reported. 15

In contrast, informal direct milk 
sharing without pasteurization 
exposes infants to a range 
of possible risks, including 
bacterial contamination 16 and 
viral transmission, including 
cytomegalovirus, hepatitis viruses, 
and HIV. 17 Individual screening 
is performed by some Internet-
based groups that organize 
direct milk sharing, but these are 
neither consistently applied nor 
documented. Furthermore, even with 
serologic blood testing, infectious 
complications remain a significant 
risk in unpasteurized milk.

Because direct milk sharing is often 
arranged by using milk from a single 
donor mother, other contaminants, 
such as medications or drugs, may be 
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a higher risk than with pooled milk 
products. It is unknown what effects 
paying women for milk might have 
on these risks.

Growth Issues

Early studies in the use of donor 
human milk for small preterm infants 
showed relatively slow growth. 
More recent studies 18 – 20 showed 
improved growth outcomes, which 
may be attributable both to a greater 
availability of donor milk with higher 
nutrient content and to widely used 
strategies for fortifying donor milk. 
However, these are retrospective 
cohort studies, and further studies 
are needed. Strategies for fortifying 
donor human milk include both 
commercial human milk–based and 
cow milk protein–based fortifiers. 
Both types of fortifiers have been 
shown to lead to appropriate growth, 
and the use of donor human milk 
does not need to be limited on the 
basis of growth concerns in most 
high-risk infants. Growth monitoring 
is always paramount for infants, and 
human milk fortification is needed 
for all infants with very low birth 
weight.

Loss of Nutrients and 
Antiinfl ammatory Properties

The process of pasteurization 
destroys cells, such neutrophils and 
stem cells, and affects macronutrients 
and antiinflammatory factors. 
In addition, pasteurization can 
eliminate bacterial strains with 
probiotic properties. Substantial 
evidence describing these losses 
is available. 21   –25 Bioactive 
components of human milk, including 
lactoferrin and immunoglobulins, 
are substantially decreased by 
pasteurization, but there is much less 
effect on macro- or micronutrients, 
including vitamins. 22,  23 Overall, 
the benefits of improved feeding 
tolerance and clinical outcomes 
support the concept that some 
nutrient losses of bioactive 
components should not limit the use 
of donor human milk or preclude 

its pasteurization before use. Donor 
human milk may have a lower 
protein and energy content than the 
milk of mothers of preterm infants, in 
addition to lost bile salt–dependent 
lipase activity, which may affect 
fortification strategies and growth. 
Alternative sterilization methods to 
preserve innate bioactive properties 
and to decrease the cost of preparing 
donor milk need investigation.

The principal goal for infants with 
very low birth weight is the provision 
of the mother’s own milk, with donor 
human milk as a bridge or support 
while the mother’s milk is made 
available or increasing in volume. It 
is important to encourage and assist 
mothers to pump or express and 
provide their own milk whenever 
possible and at the maximum volume 
possible. Although the use of donor 
human milk has not been shown to 
decrease the frequency or volume 
of mother’s own milk to NICU 
patients,  9,  23,  26,  27 vigilance and 
education are needed regarding the 
superiority of mother’s own milk 
relative to donor human milk.

USAGE

Infants <1500 g Birth Weight

The supply of donor human milk 
currently available in the United 
States and Canada is less than 
optimal. Although a goal of providing 
donor milk to supplement the 
mother’s milk for all preterm infants 
has been described,  5 this goal may 
not be achievable for a period of time; 
thus, prioritization may be needed 
for infants weighing <1500 g. 
Relatively few data are available on 
whether this would include small 
for gestational age infants, such as 
those who are >32 to 33 weeks’ 
postmenstrual age at birth who also 
weigh <1500 g; but, in general, the 
primary guide for use is birth weight, 
not gestational age, in prioritizing 
donor milk use.

There are no clear guidelines for 
discontinuing the use of donor 
human milk in an infant <1500 g 
birth weight when the volume of 
mother’s milk is not adequate. A 
range of postmenstrual ages from 
32 to 36 weeks is commonly used 
in the United States, because this 
range covers the highest risk period 
for necrotizing enterocolitis. Further 
research is needed to clarify the 
optimal timing of discontinuing 
donor human milk. Breastfeeding 
should be encouraged during 
hospitalization for these infants to 
enhance the likelihood of successful 
breastfeeding after hospital 
discharge. 28

Other Intestinal Diseases

Fewer data are available regarding 
the use of donor human milk in other 
high-risk infants, including infants 
with abdominal wall defects, such 
as gastroschisis or omphalocele, and 
other conditions, such as congenital 
heart disease. Nonetheless, some 
infants with these conditions or other 
neonatal disorders may benefit from 
donor human milk either because of 
a direct effect on intestinal growth 
or improved feeding tolerance. 29 
In these cases, payers may expect 
documentation of intolerance to 
specialized infant formulas and the 
medical necessity for donor human 
milk before providing payment 
for human milk at home or in the 
hospital.

Outpatient (Home) Versus Hospital 
Distribution

The vast majority of donor human 
milk distributed from HMBANA milk 
banks is distributed to hospitals 
for internal use in NICU patients. 
However, in some cases, donor 
human milk may be provided for 
home use from HMBANA milk banks. 1 
In cases of limited supply, health 
care providers, such as community 
pediatricians and neonatologists, 
can work together to establish 
priority for such use relative to 
local NICU needs. A pediatrician/
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neonatal clinician generally will 
need to be involved in ordering 
and supervising the use of donor 
milk in any outpatient setting. Clear 
documentation as to the reason for 
the use of donor human milk at home 
is recommended.

OTHER POLICY ISSUES

Cost Reimbursement

A major limitation in the use of donor 
human milk is the cost of providing 
this milk to hospitals or to families. 
Reimbursement for donor milk is 
inconsistent between states and 
often between sources of payment. 
Health care providers can advocate 
for the development of public and 
local hospital policies to enhance 
the availability and affordability 
of donor human milk on the basis 
of evidence. Resources from the 
American Academy of Pediatrics and 
other groups can also assist those 
involved in the care of neonates in 
this discussion.

The use of donor human milk in 
appropriate high-risk infants is 
consistent with good health care for 
these infants. 30,  31 Policies are needed 
to provide high-risk infants access 
to donor human milk on the basis of 
documented medical necessity, not 
financial status.

Federal and State Regulation of Milk 
Banks and Donor Milk Sharing

Legal issues exist regarding the 
regulation of donor human milk 
banks on both a state and national 
level. Federal or state guidelines are 
needed regarding the preparation, 
handling, and transfer of human 
milk as well as the operation of 
donor human milk banks and would 
be best accomplished via formal 
regulation by the US Food and Drug 
Administration with oversight by 
the Centers for Disease Control and 
Prevention.

Families of high-risk infants should 
be fully informed about the current 

state of research regarding the 
benefits of using human milk to 
decrease the risks of complications 
such as necrotizing enterocolitis. This 
discussion may include appropriate 
warnings about risks related to 
infectious complications when 
human milk is shared or distributed 
outside of established milk banks. 
Neonatologists and other health 
care providers should advocate 
for policies of full disclosure of 
the risks and benefits related to 
direct or informal milk sharing 
without pasteurization. Hospitals 
should develop standards such 
that all human milk given to infants 
meets appropriate standards for 
preparation and distribution and that 
pasteurization of all donor human 
milk occurs.

SUMMARY OF KEY POINTS

1. Although a mother’s own milk is
always preferred, donor human
milk may be used for high-risk
infants when the mother’s milk is
not available or the mother cannot
provide milk. Priority should be
given to providing donor human
milk to infants <1500 g birth
weight.

2. Human milk donors should be
identified and screened by using
methods such as those currently
used by HMBANA milk banks or
other established commercial milk
banks.

3. Donor milk should be pasteurized
according to accepted standards.
Postpasteurization testing should
be performed according to
internal quality-control guidelines.

4. Health care providers should
discourage families from direct
human milk sharing or purchasing
human milk from the Internet
because of the increased risks of
bacterial or viral contamination
of nonpasteurized milk and
the possibility of exposure to
medications, drugs, or other

substances, including cow milk 
protein.

5. The use of donor human milk
in appropriate high-risk infants
should not be limited by an
individual’s ability to pay. Policies
are needed to provide high-risk
infants access to donor human
milk on the basis of documented
medical necessity, not financial
status.
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CLINICAL REPORT

“Late-Preterm” Infants: A Population
at Risk
William A. Engle, MD, Kay M. Tomashek, MD, Carol Wallman, MSN, and the Committee on

Fetus and Newborn

ABSTRACT
Late-preterm infants, defined by birth at 340⁄7 through 366⁄7 weeks’ gestation, are
less physiologically and metabolically mature than term infants. Thus, they are at
higher risk of morbidity and mortality than term infants. The purpose of this report
is to define “late preterm,” recommend a change in terminology from “near term”
to “late preterm,” present the characteristics of late-preterm infants that predispose
them to a higher risk of morbidity and mortality than term infants, and propose
guidelines for the evaluation and management of these infants after birth.

INTRODUCTION

Infants born at 340⁄7 through 366⁄7 weeks’ gestation, or “late-preterm” infants, are
often the size and weight of some term infants (born at 370⁄7–416⁄7 weeks’ gesta-
tion). Because of this fact, late-preterm infants may be treated by parents, care-
givers, and health care professionals as though they are developmentally mature
and at low risk of morbidity. They are often managed in newborn level 1 (basic)
nurseries or remain with their mother after birth.1

Late-preterm infants are physiologically and metabolically immature.2–8 As a
consequence, late-preterm infants are at higher risk than are term infants of
developing medical complications that result in higher rates of mortality and
morbidity during the birth hospitalization.6–8 In addition, late-preterm infants have
higher rates of hospital readmission during the neonatal period than do term
infants.2,4,7–9 During the last 15 years, the proportion of all US births that were late
preterm increased from 7.3% in 1990 to 9.1% in 2005.10 In 2005, late-preterm
births accounted for more than 70% of all preterm births (�37 weeks’ gestation),
or approximately 377 000 infants.10–12 In fact, much of the increase in the preterm
birth rate in recent years can be attributed to increases in late-preterm births.12,13

The reason for the increase in late-preterm births during the last decade is not
well understood. One hypothesis is that it may be attributable, in part, to increased
use of reproductive technologies and, as a result, an increase in multifetal preg-
nancies.11,14–16 Another hypothesis is that advances in obstetric practice have led to
an increase in surveillance and medical interventions during pregnancy.11,14–17 As a
result, fetuses considered to be at risk of stillbirth, including those with intrauter-
ine growth restriction, fetal anomalies, and intrapartum asphyxia, may be identi-
fied earlier, which results in more deliveries at 34 to 36 weeks’ gestation. For
example, between 1989 and 2003, the use of electronic fetal monitoring and
prenatal ultrasonography increased substantially from 68.1% to 85.4% and 47.6%
to 67%, respectively.10 Rates of labor induction and cesarean delivery also in-
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creased during the last decade.10,11 It is important to note,
however, that the increased intensity of care provided to
pregnant women has been accompanied by significant
reductions in stillbirths, perinatal mortality, and births
beyond 40 weeks’ gestation.11,14

It is important to understand why these infants are
being born early as well as the unique problems that this
growing population of infants may experience. A clearer
understanding of the underlying risk factors, associated
etiologies, and their relative effects on delivery at 340⁄7

TABLE 1 Statistical and Conventional Definitions of Weeks of Gestation, CompletedWeeks of Gestation,
Late Preterm Gestation, and Term Gestation

wk  
Gestation, Completed Weeks Gestation, 

Fraction of weekb

a

 0/7 1/7 2/7 3/7 4/7 5/7  6/7 

Statistical dayc 0 0 1 2 3 4 5 6 1

Medical Convention dayd 1 2 3 4 5 6 7

1 7 8 9 10 11 12 13 2

8 9 10 11 12 13 14 

33 231 232 233 234 235 236 237 34

232 233 234 235 236 237 238 

34 238 239 240 241 242 243 244 35

239 240 241 241 243 244 245

35 245 246 247 248 249 250 251 36

246 247 248 249 250 251 252

36 252 253 254 255 256 257 258 37

253 254 255 256 257 258 259

37 259 260 261 262 263 264 265 38

260 261 262 263 264 265 266

38 266 267 268 269 270 271 272 39

267 268 269 270 271 272 273

39 273 274 275 276 277 278 279 40

274 275 276 277 278 279 280

40 280 281 282 283 284 285 286 41

281 282 283 284 285 286 287

41 287 288 289 290 291 292 293 42

288 289 290 291 292 293 294

42 294 295 296 297 298 299 300 43

295 296 297 298 299 300 301 

Late-preterm gestation is defined by medical convention as 340⁄7 weeks (239 days) through and including 366⁄7 weeks (259 days) after the
beginning of the mother’s last normal menstrual period. This is indicated in days with a red background. For comparison, term gestation spans
from370⁄7weeks (260days) throughand including416⁄7weeks (294days) after thebeginningof themother’s last normalmenstrual period,which
is indicated in days with an aqua background.
a Completed week of gestation indicates the number of 7-day intervals that have passed since the beginning of the mother’s last normal
menstrual period. For example, the first completedweek occurs after 1 seven-day interval (06⁄7thweek or 7 days) has passed. The 37th completed
week occurs after 37 seven-day intervals (360⁄7 weeks or 259 days) have passed.
b Fraction of aweek indicates the days of each gestational week as a fraction. For example, the first day of gestation is the first day of themother’s
360⁄7th week of gestation and ends on the 366⁄7th week of gestation.
c Statistical day indicates that the first day of the mother’s last menstrual period begins as day 0 and is not complete until the beginning
of day 1.
d This statistical view of gestational age differs by 1 day from the conventional medical count of days, which indicates that the first day of
the mother’s last menstrual period begins as day 1. This important difference is indicated by the statistically defined days that have a gray
background and conventionally defined days having no background or a red or aqua background.
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through 366⁄7 weeks’ gestation on the mother and fetus
is needed to develop interventions to prevent unneces-
sary late-preterm births and to improve the manage-
ment of infants who are born late preterm. Thus, addi-
tional research is needed to determine the gestational
age at delivery that optimally balances the risk of fetal
morbidity or death against risks associated with late-
preterm birth for both the mother and the fetus.

The purpose of this report is to define “late preterm,”
recommend a change in terminology to “late preterm”
from the previously used “near term,” describe the med-
ical complications and health risks commonly encoun-
tered by late-preterm infants, suggest guidelines to iden-
tify and manage these complications and risks during the
birth hospitalization and after discharge, and identify
gaps in knowledge concerning the medical and develop-
mental outcomes of these infants.

DEFINITION OF LATE PRETERM
The gestational age attributed to a newborn infant can be
confusing, because the first day of a mother’s last normal
menstrual period is counted as either day 0 or day 1
depending on whether a statistical or conventional med-
ical definition, respectively, is used. This difference in
definition of gestational age accounts for a 1-day varia-
tion among data systems when determining the chrono-
logic age of a newborn infant on the first day after birth
(Table 1). The day of birth is counted as day 1 when
using the conventional medical definition and day 0
when using the statistical definition. The use of conven-
tional medical terminology is illustrated in the defini-
tions of gestational age recommended by the American
Academy of Pediatrics, the American College of Obste-
tricians and Gynecologists, and the World Health Orga-
nization.18–20 For example, “preterm” is defined as birth
that occurs on or before the end of the last day of the
37th completed week (ie, 366⁄7 weeks’ gestation) after
the onset of the mother’s last menstrual period, which
equates to 259 days in common medical terminology.
The statistical definition for the last day of the 37th
completed week of gestation is 258 days. Understanding
these definitions is complicated further by financial sys-
tems that define the first day of age as delivery before

12:00 AM (midnight) and the subsequent day beginning
immediately after 12:00 AM.

The use of the term “completed week” is also confus-
ing. Completed weeks of gestation are defined by the
number of 7-day intervals after the first day of the last
menstrual period (Table 1).5,20 For example, the end of
the 37th completed week of gestation is 366⁄7 weeks’
gestation, because 37 seven-day intervals (259 days)
have transpired. To further clarify, the end of the 37th
completed week is not 376⁄7 weeks’ gestation; the begin-
ning of the 38th week of gestation is designated as 370⁄7
weeks’ gestation (260 days).5,20

A variety of terms have been used to describe preterm
infants born at a number of different intervals between
32 and 37 weeks’ gestation (“late preterm,” “near term,”
“marginally preterm,” “moderately preterm,” “mini-
mally preterm,” and “mildly preterm”).2,6,12,21 In contrast,
preterm, term, and postterm are mutually exclusive cat-
egories that have each been defined precisely according
to week and day of gestation (counting the first day as
day 1) by the American Academy of Pediatrics, the
American College of Obstetricians and Gynecologists,
and the World Health Organization (Fig 1).18,19 As pre-
viously described, “preterm” is defined as a birth that
occurs on or before the end of the last day of the 37th
week (259th day) after the onset of the mother’s last
menstrual period. “Term” is defined as a birth that oc-
curs on the first day (260th day) of the 38th week
through the end of the last day of the 42nd week (294th
day) after the onset of the last menstrual period (Table
1). “Postterm” describes the birth of an infant that occurs
on or after the first day (295th day) of the 43rd week
after the onset of the last menstrual period.

The 2005 workshop “Optimizing Care and Outcome
of the Near-Term Pregnancy and the Near-Term New-
born Infant” sponsored by the National Institutes of
Health recommended that infants born at 340⁄7 through
366⁄7 weeks’ gestation after the onset of the mother’s last
menstrual period be referred to as late preterm to em-
phasize that these infants are preterm and, as such, are at
risk of immaturity-related medical complications (Tables
2 and 3).5 Furthermore, use of the term “near term,”
which connotes that the infant is almost term and,

First day of last 
menstrual period

1

0/7

Day

Week

259 294

Preterm Term Postterm

239

340/7 366/7
416/7

Late preterm

FIGURE 1
Late-preterm definition.
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therefore, almost fully mature, should be discouraged,
because it might lead health care professionals to under-
estimate the inherent risks to these infants.5,20

Workshop members acknowledged that the defini-
tion of “late preterm” was arbitrary.5 The day after the
end of the 34th completed week of gestation (ie, 239th
day or 340⁄7 weeks’ gestation after the onset of the moth-
er’s last menstrual period) was recommended as the
lower limit, because it is frequently used as a cutoff point
for obstetric decision-making, as a criterion for admis-
sion to a level 2 or 3 NICU, and for epidemiologic and
clinical research. The upper limit of gestational age for
prematurity was previously established as 366⁄7 weeks’
gestation (259th day after the onset of the mother’s last
menstrual period). Thus, it was recommended that this
same upper limit be applied to the late-preterm category
of infants.

DEVELOPMENTAL AND PHYSIOLOGIC IMMATURITY OF LATE-
PRETERM INFANTS
Late-preterm infants have not been studied frequently,
and understanding of the developmental biology and
mechanisms of disease experienced by these infants is
largely incomplete.2,5,7,8,22–30 Management strategies,
therefore, are based on general principles, clinical expe-
rience, and extrapolation from knowledge of very pre-
term and term infants. Recently, descriptive studies that
detailed the epidemiology, medical problems, and risk of

mortality experienced by late-preterm infants have stim-
ulated interest in exploring the comparative biology and
basic mechanisms of disease in these infants.2–8 Several
important factors that may predispose late-preterm in-
fants to medical conditions associated with immaturity,
such as respiratory distress, apnea, temperature instabil-
ity, hypoglycemia, hyperbilirubinemia, and poor feed-
ing, are reviewed briefly in this report. However, a com-
prehensive review of the physiologic and functional
deficits that predispose late-preterm infants to these con-
ditions is beyond the scope of this report.5

After birth, infants with fetal lung structure and im-
mature functional capacity are at greatest risk of respi-
ratory distress, need for oxygen and positive-pressure
ventilation, and admission for intensive care.2,31–33 From
340⁄7 through 366⁄7 weeks’ gestation, terminal respiratory
units of the lung evolve from alveolar saccules lined with
both cuboidal type II and flat type I epithelial cells (ter-
minal sac period) to mature alveoli lined primarily with
extremely thin type I epithelial cells (alveolar peri-
od).34,35 During the alveolar period, pulmonary capillar-
ies also begin to bulge into the space of each terminal
sac, and adult pool sizes of surfactant are attained.36

Functionally, this immature lung structure may be asso-
ciated with delayed intrapulmonary fluid absorption,
surfactant insufficiency, and inefficient gas exchange.24,25

Apnea occurs more frequently among late-preterm
infants than term infants. The incidence of apnea in

TABLE 2 Late-Preterm Infants and the Most Frequent Complications of Prematurity During the Birth
Hospitalization

Outcome During Initial Birth
Hospitalization

Late-Preterm
Morbidity

TermMorbidity OR (95% CI) P

No. % No. %

Feeding difficulties
Wang et al2 (35–366⁄7 wk) 29 32.2 7 7.4 — —

Hypoglycemia
Wang et al2 (35–366⁄7 wk) 14 15.6 5 5.3 3.30 (1.1–12.2) .028

Jaundice
Wang et al2 (35–366⁄7 wk) 49 54.4 36 37.9 1.95 (1.04–3.67) .027

Temperature instability
Wang et al2 (35–366⁄7 wk) 9 10.0 0 0.0 Infinite .0012

Apnea
Henderson-Smart38 (34–356⁄7 wk) — 7.0 — �0.1 — —
Merchant et al42 (35–366⁄7 wk) 6 12.0 0 0.0 12.0 (4.5–24.3) .0267
Wang et al2 (35–366⁄7 wk) 4 4.0 0 0.0 — .054

Respiratory distress
Escobar et al24 (34–366⁄7 wk) 345 10.7 975 2.7 — —
Gilbert et al70 (34–366⁄7 wk) 1167 3.6 843 0.8 — —
Rubaltelli et al33 (34–366⁄7 wk) 314 9.6 359 0.6 — —
Wang et al2 (35–366⁄7 wk) 26 28.9 4 4.2 9.14 (2.9–37.8) .00001

Received intravenous infusion
Wang et al2 (35–366⁄7 wk) 24 26.7 5 5.3 6.48 (2.3–22.9) .0007

Underwent sepsis evaluation
Wang et al2 (35–366⁄7 wk) 33 36.7 12 12.6 3.97 (1.8–9.2) .00015

Received mechanical ventilation
Gilbert et al70 (34–366⁄7 wk) 1103 3.4 950 0.9 — —

OR indicates odds ratio; CI, confidence interval; —, data not reported.
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late-preterm infants is reported to be between 4% and
7%,28,31,37,38 compared with less than 1% to 2% at
term.38,39 It is notable that the frequency of apneic events
at term was determined by using data from cardiopul-
monary monitoring of healthy infants in their homes.
Apneic events were inapparent to caregivers and re-
solved spontaneously. The predisposition to apnea in
late-preterm infants is associated with several underly-
ing factors including increased susceptibility to hypoxic
respiratory depression, decreased central chemosensitiv-
ity to carbon dioxide, immature pulmonary irritant re-
ceptors, increased respiratory inhibition sensitivity to
laryngeal stimulation, and decreased upper airway dila-
tor muscle tone.31,38,40–42 It is also suspected that late-
preterm infants may be at higher risk of centrally medi-
ated apnea, because their central nervous systems are
developmentally immature (ie, fewer sulci and gyri, less
myelin) and their brains are approximately two thirds
the size of a term infant’s brain.30

Little is known about cardiovascular physiology and

pathobiology in late-preterm infants; it is generally be-
lieved that structural and functional immaturity restricts
the amount of cardiovascular reserve that is available
during times of stress.43,44 Immature cardiovascular func-
tion also may complicate recovery of the late-preterm
infant with respiratory distress because of delayed duc-
tus arteriosus closure and persistent pulmonary hyper-
tension.45

An infant’s response to cold exposure after birth is
related to gestational age and is affected by the physical
size, the amount of mature brown and white adipose
tissue, and maturity of the hypothalamus.46–48 Brown-fat
accumulation and maturation and concentrations of
hormones responsible for brown-fat metabolism (eg,
prolactin, leptin, norepinephrine, triiodothyronine, cor-
tisol) peak at term.49,50 Thus, late-preterm infants have
less white adipose tissue for insulation, and they cannot
generate heat from brown adipose tissue as effectively as
infants born at term. In addition, late-preterm infants
are likely to lose heat more readily than term infants,

TABLE 3 Late-Preterm Infants and Rates of Readmission to the Hospital After the Birth Hospitalization

Description of Comparison
Groups by Study

Readmitted to
Hospitala

Required
Hospital Careb

Adjusted OR
(95% CI)

No. % No. %

All NICU survivors from 6 Kaiser Permanente
hospitals, N � 6054 (Escobar et al66)

�33 wk, all LOS 20 3.4 — — 1.88 (1.10–3.21)
33–36 wk, LOS � 96 h 31 5.7 — — 2.94 (1.87–4.62)
33–36 wk, LOS � 96 h 26 2.2 — — 1.13 (0.69–1.84)
Term, LOS � 96 h 32 2.8 — — 1.31 (0.83–2.05)
Term, LOS � 96 h 56 2.2 — — Reference

One half of all births �34 wk born in UK northern
region, N � 11406 (Oddie et al4)

35–37 wk 37 6.3 — — 1.72 (1.15–2.57)
�40 wk 57 2.4 — — 0.70 (0.51–0.95)
38–40 wk 178 3.4 — — Reference

All newborns surviving to discharge at 7 Kaiser
Permanente hospitals, N � 33 276 (Escobar
et al3)

�34 wk (100% in NICU) 26 3.0 — — 0.96 (0.57–1.62)
34–36 wk, in NICU � 24 h 0.89 (0.54–1.46)
34–36 wk, in NICU � 24 h 1.31 (0.41–4.21)
34–36 wk, never in NICU 3.10 (2.38–4.02)
All 34- to 36-wk infants 94 4.4 — —
�37 wk, in NICU � 24 h 0.79 (0.52–1.21)
�37 wk, in NICU � 24 h 1.43 (0.73–2.81)
�37 wk, never in NICU Reference
All �37-wk infants 618 2.0 — —

All Massachusetts newborns discharged early
after vaginal delivery, N � 25 324
(Tomashek et al8)

34–36 wk 35 3.5 — — 1.8 (1.3, 2.5)c

37–41 wk 489 2.0 — — Reference
34–36 wk — — 43 4.3 1.5 (1.1, 2.0)c

37–41 wk — — 648 2.7 Reference

OR, odds ratio; CI, confidence interval; LOS, length of stay; UK, United Kingdom;—, data not reported.
a Readmitted to hospital within 2 weeks after birth hospitalization discharge (Escobar et al3,66) and within first 28 days of life (Oddie et al4 and
Tomashek et al8).
b Required hospital care includes hospital inpatient readmission and observational stay visit during neonatal period.
c Shown are relative risks with confidence limits.
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because they have a larger ratio of surface area to weight
and are smaller in size.

Hypoglycemia may affect fasting newborn infants of
all gestational ages because of insufficient metabolic re-
sponses to the abrupt loss of the maternal glucose supply
after birth.51–55 The incidence of hypoglycemia is in-
versely proportional to gestational age. Within the first
12 to 24 hours after birth, concentrations of enzymes
that are essential for hepatic gluconeogenesis and he-
patic ketogenesis rapidly increase. Thereafter, hypogly-
cemia typically resolves. Preterm infants are at increased
risk of developing hypoglycemia after birth, because
they have immature hepatic glycogenolysis and adipose
tissue lipolysis, hormonal dysregulation, and deficient
hepatic gluconeogenesis and ketogenesis. Blood glucose
concentrations among preterm infants typically decrease
to a nadir 1 to 2 hours after birth and remain low until
metabolic pathways can compensate or exogenous
sources of glucose are provided.51,54 Carbohydrate me-
tabolism among late-preterm infants is not well under-
stood. However, immature glucose regulation likely oc-
curs in late-preterm infants, because hypoglycemia that
requires glucose infusion during the initial birth hospi-
talization occurs more frequently than in term infants.2

Jaundice and hyperbilirubinemia occur more com-
monly and are more prolonged among late-preterm
infants than term infants, because late-preterm infants
have delayed maturation and a lower concentration of
uridine diphosphoglucuronate glucuronosyltrans-
ferase.21,56 Late-preterm infants are 2 times more likely
than term infants to have significantly elevated bili-
rubin concentrations and higher concentrations 5 and
7 days after birth.21

Late-preterm infants also have immature gastrointes-
tinal function57,58 and feeding difficulties that predispose
them to an increase in enterohepatic circulation, de-
creased stool frequency, dehydration, and hyperbiliru-
binemia.59–68 Feeding during the birth hospitalization
may be transiently successful but not sustained after
discharge. Feeding difficulties in late-preterm infants
that are associated with relatively low oromotor tone,
function, and neural maturation also predispose these
infants to dehydration and hyperbilirubinemia.30,67–69

MORBIDITY ANDMORTALITY AMONG LATE-PRETERM
INFANTS
Late-preterm infants are at increased risk of neonatal
morbidity compared with term infants. During the initial
birth hospitalization, late-preterm infants are 4 times
more likely than term infants to have at least 1 medical
condition diagnosed and 3.5 times more likely to have 2
or more conditions diagnosed.2 Late-preterm infants are
more likely than term infants to be diagnosed during the
birth hospitalization with temperature instability,2 hypo-
glycemia,2 respiratory distress,2,24,33,70,71 apnea,38,42 jaun-
dice,2 and feeding difficulties2 (Table 2). During the first

month after birth, late-preterm infants are also more
likely than term infants to develop hyperbiliru-
binemia21,60,72,73 and to be readmitted for hyperbiliru-
binemia3,59,64 and non–jaundice-related diagnoses such
as feeding difficulties and “rule-out sepsis.”3

Some of the reported increase in morbidity among
late-preterm infants may be attributable to observation
and detection bias, because a clinician’s threshold to
monitor late-preterm infants for medical complications
may be lower than their threshold for term infants. For
example, a hospital-based study found that late-preterm
infants were evaluated for possible sepsis 3 times as often
as term infants, and the majority of evaluated late-pre-
term infants received antibiotic treatment, whereas term
infants did not.2 However, studies have also found that
late-preterm infants are at increased risk of developing
more severe illness than term infants.2,24,70 One study of
all California singleton live births who survived to 1 year
of age found that infants born at 34 to 36 weeks’ gesta-
tion were 3 to 9 times more likely to require mechanical
ventilation than infants born at 38 weeks’ gestation.70

Late-preterm infants are also more likely than term in-
fants to have longer initial hospital stays and to be ad-
mitted to the NICU.2,3,33,70 One large cohort study found
that 88% of infants born at 34 weeks’ gestation, 54% of
infants born at 35 weeks’ gestation, 25% of infants born
at 36 weeks’ gestation, 12% of infants born at 37 weeks’
gestation, and 2.6% of infants born at 38 through 40
weeks’ gestation were admitted to a NICU.3

Severity of illness is also reflected in the increased risk
of mortality among late-preterm infants compared with
term infants in the United States.6,10 In 2002, the neo-
natal mortality rate (deaths among infants 0–27 days’
chronologic age) for late-preterm infants was 4.6 times
higher than the rate for term infants (4.1 vs 0.9 per 1000
live births, respectively). This difference in neonatal
mortality has widened slightly since 1995, when there
was a fourfold difference in rates between late-preterm
and term infants (4.8 vs 1.2 per 1000 live births, respec-
tively). The infant mortality rate was also higher among
late-preterm infants than term infants in 2002 (7.7 vs
2.5 per 1000 live births, respectively). This threefold
difference has remained relatively constant since 1995,
at which time the infant mortality rate was 9.3 per 1000
live births among late-preterm infants and 3.1 per 1000
live births among term infants.

Several case-control studies designed to evaluate risk
factors for neonatal hospital readmission after the birth
hospitalization have identified late-preterm birth as a
significant risk factor.62,63,65,68,74 Studies that compared
neonatal hospital readmission rates among late-preterm
infants and other groups of infants, including term in-
fants, have found that late-preterm infants are more
likely to be readmitted than are term infants (Table
3).3,4,8,24,59 A large study in the United Kingdom found
that infants born at 35 through 37 weeks’ gestation were
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1.7 times more likely to be readmitted during the neo-
natal period than were infants born at 38 through 40
weeks’ gestation (adjusted odds ratio: 1.7; 95% confi-
dence interval: 1.2–2.6).4 A retrospective cohort study of
all newborn infants who survived to discharge at 7 hos-
pitals within a large managed care organization found
that 4.4% of all late-preterm infants were readmitted
within 2 weeks after the birth hospitalization, compared
with 3.0% of infants less than 34 weeks’ gestation and
2.0% of infants born at or after 37 weeks’ gestation.3

Late-preterm infants who were never admitted to the
NICU were at the highest risk of rehospitalization. This
study also found that having a home visit or a scheduled
outpatient visit within 72 hours after discharge was as-
sociated with a decreased risk of rehospitalization. In
addition, a population-based study found that late-pre-
term infants who were not admitted to the NICU after
birth were 2 to 3 times more likely than term infants to
be rehospitalized for hyperbilirubinemia.59

Late-preterm infants with short NICU stays may be at
increased risk of hospital readmission after the birth
hospitalization compared with all other NICU survivors.
A study that assessed outcomes among all newborn in-
fants discharged alive from 6 NICUs within a large man-
aged care organization found that preterm infants of 33
to 36 weeks’ gestation with a hospital stay of less than 4
days had higher hospital readmission rates than all other
groups, including the most preterm group.66 The reason
for readmission for the majority of these late-preterm
infants was jaundice (71%), followed by suspected sepsis
(20%) and feeding difficulties (16%).

Late-preterm infants who are discharged early (�2-
night hospital stay) from the hospital after a vaginal
delivery may be at increased risk of neonatal morbidity
compared with term infants who are discharged early.8 A
population-based study that compared rates of postdis-
charge neonatal morbidity between singleton late-pre-
term and term infants who were discharged early found
that 4.3% and 2.7% of infants, respectively, were either
readmitted or had an observational stay; 3.5% and
2.0%, respectively, were readmitted. Jaundice and in-
fection accounted for 77.1% of readmissions among
late-preterm infants and 60.3% of readmissions among
term infants. In this study, breastfed late-preterm infants
were 1.8 times more likely to require hospital-related
care and 2.2 times more likely to be readmitted than
breastfed term infants. In contrast, there was no differ-
ence in need for subsequent hospital-related care or
readmission between nonbreastfed late-preterm and
term infants.

Several factors have been identified to be associated
with an increased risk of hospital readmission, an obser-
vational hospital stay, or severe morbidity among late-
preterm infants. A population-based cohort study of
healthy, singleton late-preterm infants delivered vagi-
nally in Massachusetts hospitals between 1998 and 2002

found that 6.1% received hospital care after the birth
hospitalization or died during the neonatal period.7 Risk
factors for requiring hospital care or experiencing mor-
bidity included being the first born, being breastfed at
discharge, having a mother who had labor and delivery
complications, being a recipient of public insurance at
delivery, or being of Asian/Pacific Island descent.7,9

Although it is known that late-preterm infants are at
increased risk compared with term infants for infant
mortality, morbidity during the initial birth hospitaliza-
tion, and neonatal morbidity that requires hospital re-
admission, the long-term health consequences of being
born late preterm are not yet known.75 Small clinical
reports that compared late-preterm infants with term
infants suggested a higher risk of cerebral palsy,76 speech
disorders,77,78 neurodevelopmental handicaps,78 behav-
ioral abnormalities,79 and competence (behavioral, scho-
lastic, social, and global).75,79–81 Given that late-preterm
infants are born before their nervous systems have fully
developed, large population studies that evaluate long-
term neurodevelopmental and behavioral outcomes of
these children are needed.75

The emotional, personal, and financial costs to indi-
viduals, family, and society associated with late-preterm
births have not been sufficiently described.82 A conser-
vative estimate for the long-term medical, educational,
and productivity costs associated with the birth of all
infants before 37 weeks’ gestation is approximately
$51 600 for each infant or a total cost of $26.2 billion in
2005 dollars. Individual late-preterm infants, on aver-
age, require fewer financial and other resources than
infants who are born more preterm. However, the total
resources and costs associated with late-preterm birth are
likely to be a relatively substantial part of the total cost of
all preterm births, because the population of late-preterm
infants is significantly larger than the population of infants
who are born before 34 weeks’ gestation.

Collaborative counseling by neonatal and obstetric
clinicians about fetal, neonatal, and maternal outcomes
is warranted when maternal or fetal conditions indicate
the necessity for late-preterm birth. The obstetric clini-
cian can discuss the indications for the delivery and the
risks inherent in delaying delivery. The neonatal clini-
cian can provide the family with gestational age-specific
outcome information and help prepare the family for the
newborn infant’s anticipated course in the nursery. Col-
laborative counseling allows the family to be fully in-
formed and to participate in decision-making. Under
emergent conditions, the time to provide such counsel-
ing may not exist.

SUMMARY

1. Late-preterm infants are immature.

a. Infants born at 34 0⁄7 through 36 6⁄7 weeks’ gesta-
tion (239–259 days since the first day of the last
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8. A feeding plan has been developed and is under-
stood by the family.86

9. A risk assessment for the development of severe
hyperbilirubinemia has been performed and appro-
priate follow-up has been arranged.88

10. Physical examinations of the infant reveal no abnor-
malities that require continued hospitalization.85

11. There is no evidence of active bleeding at the cir-
cumcision site for at least 2 hours.85

12. Maternal and infant test results are available and
have been reviewed, including blood test results for
maternal syphilis and hepatitis B surface-antigen
status; cord or infant blood type and direct Coombs
test results, as clinically indicated; and results of
screenings performed in accordance with state reg-
ulations, including screening for HIV infection.85,92

13. Initial hepatitis B vaccine has been administered or
an appointment has been scheduled for its admin-
istration, and the importance of immunizations has
been stressed.85

14. Metabolic and genetic screenings have been per-
formed in accordance with state requirements. If a
newborn screening is performed before 24 hours of
milk feeding, a system for repeating the screening
must be in place in accordance with state policy.93

15. A car safety seat study completed by a trained pro-
fessional to observe for apnea, bradycardia, or oxy-
gen desaturation has been passed.94

16. Hearing assessment has been performed and the
results have been documented in the medical chart.
Results have been discussed with family or caregiv-
ers. If follow-up is needed, follow-up plans have
been outlined.95

17. Family, environmental, and social risk factors have
been assessed. When risk factors are identified, the
discharge should be delayed until they are resolved
or a plan to safeguard the infant is in place. Such risk
factors may include but are not limited to:

a. untreated parental substance use or positive tox-
icology test results in the mother or newborn
infant;

b. history of child abuse or neglect;

c. mental illness in a parent in the home;

d. lack of social support, particularly for single, first-
time mothers;

e. homelessness, particularly during this pregnancy;

f. ongoing or established risk of domestic violence;
or

g. adolescent mother, particularly if other risk fac-
tors are present.85

18. The mother and caregivers have received informa-
tion or training or have demonstrated competency
in the following:

a. infant’s hospital course and current condition;

b. expected pattern of urine and stool frequency for
the breastfeeding or formula-fed neonate (verbal
and written instruction is recommended);

c. umbilical cord, skin, and newborn genital care;

d. hand hygiene, especially as a means to reduce the
risk of infection;

e. use of a thermometer to assess an infant’s axillary
temperature;

f. assessment and provision of appropriate layers of
clothing;

g. identification of common signs and symptoms of
illness, such as hyperbilirubinemia, sepsis, and
dehydration;

h. assessment for jaundice;

i. provision of a safe sleep environment, including
positioning the infant on his or her back during
sleep96;

j. newborn safety issues including car safety seat
use, need for smoke/fire alarms, and hazards of
secondhand tobacco smoke and environmental
pollutants;

k. appropriate responses to a complication or an
emergency; and

l. sibling interactions and appropriate inclusion in
care responsibilities.
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POLICY STATEMENT

Noninitiation or Withdrawal of
Intensive Care for High-Risk
Newborns
Committee on Fetus and Newborn

ABSTRACT
Advances in medical technology have led to dilemmas in initiation and withdrawal
of intensive care of newborn infants with a very poor prognosis. Physicians and
parents together must make difficult decisions guided by their understanding of
the child’s best interest. The foundation for these decisions consists of several key
elements: (1) direct and open communication between the health care team and
the parents of the child with regard to the medical status, prognosis, and treatment
options; (2) inclusion of the parents as active participants in the decision process;
(3) continuation of comfort care even when intensive care is not being provided;
and (4) treatment decisions that are guided primarily by the best interest of the
child.

INTRODUCTION
As medical technology has advanced, outcomes for high-risk newborn infants
have greatly improved. With advanced technology, such as assisted ventilation, it
is now possible to keep some terminally or severely ill or extremely preterm
infants alive for long periods of time. The result of such treatment is that dying
may be prolonged or the infant may survive with profound neurologic or other
debilitating problems.1–3 The treatment of infants should be based on what is
perceived to be in their best interest. Parents and health care professionals often
confront difficult treatment decisions when faced with the care of a severely ill,
extremely preterm, or terminally ill infant, in part because the effects of treatment
decisions on the infant’s outcome are not always predictable. In these circum-
stances, there is no ethical distinction between noninitiation and withdrawal of
life-sustaining treatment.

THE TREATMENT DILEMMA
If intensive treatment uniformly resulted in survival with an acceptable quality of
life for infants at risk, it would be the obvious choice for all severely ill infants. This
outcome, of course, does not always occur. If intensive treatment is not provided
to very ill infants, most of them will die, but some may survive with significant
neurodevelopmental disability, perhaps in part because specific treatments were
withheld. The following dilemma, therefore, exists: intensive treatment of all
severely ill infants may result in prolongation of dying accompanied by significant
discomfort for the infant or in survival with unacceptable quality of life; on the
other hand, nonintensive treatment may result in increased mortality and mor-
bidity. Either approach risks undesired and unpredictable results.
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STRATEGY FOR CARE
For infants with poor prognosis, decisions about treat-
ment should be made jointly by the health care team and
the infant’s family on the basis of the infant’s physiologic
maturity; the infant’s medical condition, including any
serious birth defects or medical complications; and the
probabilities of death and severe disability based on the
best available data.4

The types of decisions can be divided into 3 categories
on the basis of prognosis5:

1. When early death is very likely and survival would be
accompanied by high risk of unacceptably severe
morbidity, intensive care is not indicated.

2. When survival is likely and risk of unacceptably se-
vere morbidity is low, intensive care is indicated.

3. There may be cases that fall within these first 2 cat-
egories in which the prognosis is uncertain but likely
to be very poor and survival may be associated with a
diminished quality of life for the child; in these cases,
parental desires should determine the treatment
approach.

Whenever possible, discussion between the physician
and parents should begin before the birth of a child with
anticipated poor prognosis.6 The obstetric care provider
and the health care professional who will care for the
infant after birth should collaborate in communicating
with the expecting parents before the birth of the child.
Such dialogue helps to ensure that appropriate care is
provided for the individual infant on the basis of the
infant’s condition and prognosis at the time of birth.
Sometimes, as when the woman is in active labor, it may
seem that there is inadequate time for such a discussion.
Nevertheless, it is essential that the meeting be con-
ducted promptly and with great empathy. Follow-up
meetings can take place if the situation changes over
subsequent hours and days. Despite efforts to the con-
trary, an infant with a poor prognosis is sometimes born
quickly, before the physicians can converse with the
parents about the plan for treatment of the infant after
birth. In such cases, the physician must use his or her
judgment on behalf of the infant in deciding whether to
initiate resuscitation of the infant until the parents can
be involved in the decision. In making these decisions,
the physician should err on the side of resuscitating the
infant if the appropriate course is uncertain.

Once intensive care is initiated, the infant is contin-
uously reevaluated, and the prognosis is reassessed on
the basis of the best available information in conjunction
with the physician’s best medical judgment. This ap-
proach places significant responsibility on the physician
and health care team to evaluate the benefits to and
burdens on the infant with continuing intensive care.
The family of the infant must be kept fully informed of
the infant’s evolving status and prognosis. The physician

and family must be involved together in major decisions
that ultimately could alter the infant’s outcome.7 Unless
circumstances dictate otherwise, one physician should
be designated as the spokesperson for the health care
team and should discuss treatment options with the
family and communicate decisions to the full health care
team. When there is more than one valid approach to
treatment, the physician should present these options to
the family for their consideration and opinion. When the
health care team is unable to agree on a treatment
strategy, the physician, serving as the team leader,
should attempt to resolve existing differences by using
an independent medical consultant or consulting with
the hospital bioethics committee.

The physician spokesperson must recognize that the
parents’ view of their child’s status and the treatment
choices is influenced by how the information is pre-
sented by the physician.8 This recognition imposes a
special obligation on the physician to present prognostic
information in a frank and balanced way without coer-
cion. The physician spokesperson must be sensitive to
the parents’ concerns and desires, which are often based
on a complex combination of values and influences de-
rived from their cultural, religious, educational, social,
and ethnic backgrounds. The physician’s role is to
present the treatment options to the parents and provide
guidance as needed. The parents’ role is to participate
actively in the decision-making process. Decisions to
continue, limit, or stop intensive care must be based only
on the best interest of the infant and not on the financial
status of the parents or the financial interests of the
physicians, the hospital, or any third-party payer.

The important role of the parents in decision-making
must be respected. However, the physician’s first re-
sponsibility is to the patient. The physician is not obli-
gated to provide inappropriate treatment or to withhold
beneficial treatment at the request of the parents. Treat-
ment that is harmful, of no benefit, or futile and merely
prolonging dying should be considered inappropriate.
The physician must ensure that the chosen treatment, in
his or her best medical judgment, is consistent with the
best interest of the infant.

When there is conflict or disagreement between the
recommendations of the physician and the desires of the
infant’s parents, continued discussion will often lead to
agreement. If the disagreement continues, one option is
to consult with the hospital bioethics committee. An-
other option is for the physician and family to seek
another physician who is willing to provide care for the
infant in the manner desired by the family. This dis-
agreement between the physician and the family may
result in the involvement of the court system. If this
occurs, the physician should continue to serve as an
advocate for the infant. Involvement of the court system
is adversarial by nature and should be considered the last
possible choice in resolution, to be used only in the case
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of irreconcilable differences of opinion, and it should be
avoidable in nearly all cases.

RECOMMENDATIONS

1. Decisions about noninitiation or withdrawal of inten-
sive care should be made by the health care team and
the parents of a high-risk infant working together.
This approach requires honest and open communica-
tion. Ongoing evaluation of the condition and prog-
nosis of the high-risk infant is essential, and the phy-
sician, as the spokesperson for the health care team,
must convey this information accurately and openly
to the parents of the infant.

2. Parents should be active participants in the decision-
making process concerning the treatment of severely
ill infants.

3. Compassionate basic care to ensure comfort must be
provided to all infants, including those for whom
intensive care is not being provided.

4. The decision to initiate or continue intensive care
should be based only on the judgment that the infant
will benefit from the intensive care. It is inappropriate
for life-prolonging treatment to be continued when
the condition is incompatible with life or when the
treatment is judged to be harmful, of no benefit, or
futile.
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abstractThe Apgar score provides an accepted and convenient method for reporting
the status of the newborn infant immediately after birth and the response to
resuscitation if needed. The Apgar score alone cannot be considered as
evidence of, or a consequence of, asphyxia; does not predict individual
neonatal mortality or neurologic outcome; and should not be used for that
purpose. An Apgar score assigned during resuscitation is not equivalent to
a score assigned to a spontaneously breathing infant. The American Academy
of Pediatrics and the American College of Obstetricians and Gynecologists
encourage use of an expanded Apgar score reporting form that accounts for
concurrent resuscitative interventions.
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INTRODUCTION

In 1952, Dr Virginia Apgar devised a scoring system that was a rapid 
method of assessing the clinical status of the newborn infant at 1 minute 
of age and the need for prompt intervention to establish breathing.1
Dr Apgar subsequently published a second report that included a larger 
number of patients.2 This scoring system provided a standardized 
assessment for infants after delivery. The Apgar score comprises 5 
components: (1) color; (2) heart rate; (3) reflexes; (4) muscle tone; and 
(5) respiration. Each of these components is given a score of 0, 1, or 2. 
Thus, the Apgar score quantitates clinical signs of neonatal depression, 
such as cyanosis or pallor, bradycardia, depressed reflex response to 
stimulation, hypotonia, and apnea or gasping respirations. The score is 
reported at 1 minute and 5 minutes after birth for all infants, and at
5-minute intervals thereafter until 20 minutes for infants with a score less 
than 7.3 The Apgar score provides an accepted and convenient method for 
reporting the status of the newborn infant immediately after birth and the 
response to resuscitation if it is needed; however, it has been 
inappropriately used to predict individual adverse neurologic outcome.

The purpose of the present statement was to place the Apgar score in its 
proper perspective. This statement revises the 2006 College Committee 
Opinion/American Academy of Pediatrics policy statement to include 
updated guidance from the 2014 report Neonatal Encephalopathy and 
Neurologic Outcome (second edition)4 published by the American College
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of Obstetricians and Gynecologists in
collaboration with the American
Academy of Pediatrics, along with new
guidance on neonatal resuscitation.
The guidelines of the Neonatal
Resuscitation Program state that the
Apgar score is useful for conveying
information about the newborn
infant’s overall status and response to
resuscitation. However, resuscitation
must be initiated before the 1-minute
score is assigned. Therefore, the Apgar
score is not used to determine the
need for initial resuscitation, what
resuscitation steps are necessary, or
when to use them.3

An Apgar score that remains
0 beyond 10 minutes of age may,
however, be useful in determining
whether continued resuscitative
efforts are indicated because very few
infants with an Apgar score of 0 at
10 minutes have been reported to
survive with a normal neurologic
outcome.3,5,6 In line with this
outcome, the 2011 Neonatal
Resuscitation Program guidelines
state that “if you can confirm that no
heart rate has been detectable for at
least 10 minutes, discontinuation of
resuscitative efforts may be
appropriate.”3

The Neonatal Encephalopathy and
Neurologic Outcome report defines
a 5-minute Apgar score of 7 to 10 as
reassuring, a score of 4 to 6 as
moderately abnormal, and a score of
0 to 3 as low in the term infant and
late-preterm infant.4 In that report,
an Apgar score of 0 to 3 at 5 minutes
or more was considered a nonspecific
sign of illness, which “may be one of
the first indications of
encephalopathy.” However,
a persistently low Apgar score alone
is not a specific indicator for
intrapartum compromise.
Furthermore, although the score is
widely used in outcome studies, its
inappropriate use has led to an
erroneous definition of asphyxia.
Asphyxia is defined as the marked
impairment of gas exchange, which, if
prolonged, leads to progressive

hypoxemia, hypercapnia, and
significant metabolic acidosis. The
term asphyxia, which describes
a process of varying severity and
duration rather than an end point,
should not be applied to birth events
unless specific evidence of markedly
impaired intrapartum or immediate
postnatal gas exchange can be
documented on the basis of
laboratory test results.

LIMITATIONS OF THE APGAR SCORE

It is important to recognize the
limitations of the Apgar score. It is an
expression of the infant’s physiologic
condition at 1 point in time, which
includes subjective components.
There are numerous factors that can
influence the Apgar score, including
maternal sedation or anesthesia,
congenital malformations, gestational
age, trauma, and interobserver
variability.4 In addition, the
biochemical disturbance must be
significant before the score is
affected. Elements of the score, such
as tone, color, and reflex irritability,
can be subjective and partially
depend on the physiologic maturity of
the infant. The score may also be
affected by variations in normal
transition. For example, lower initial
oxygen saturations in the first few
minutes need not prompt
immediate supplemental oxygen
administration; the Neonatal
Resuscitation Program targets for
oxygen saturation are 60% to 65% at 1
minute and 80% to 85% at 5 minutes.3

The healthy preterm infant with no
evidence of asphyxia may receive a low
score only because of immaturity.7,8

The incidence of low Apgar scores is
inversely related to birth weight, and
a low score cannot predict morbidity
or mortality for any individual
infant.8,9 As previously stated, it is also
inappropriate to use an Apgar score
alone to diagnose asphyxia.

APGAR SCORE AND RESUSCITATION

The 5-minute Apgar score, and
particularly a change in the score

between 1 minute and 5 minutes, is
a useful index of the response to
resuscitation. If the Apgar score is
less than 7 at 5 minutes, the Neonatal
Resuscitation Program guidelines
state that the assessment should be
repeated every 5 minutes for up to
20 minutes.3 However, an Apgar score
assigned during resuscitation is not
equivalent to a score assigned to
a spontaneously breathing infant.10

There is no accepted standard for
reporting an Apgar score in infants
undergoing resuscitation after birth
because many of the elements
contributing to the score are altered
by resuscitation. The concept of an
assisted score that accounts for
resuscitative interventions has been
suggested, but the predictive
reliability has not been studied. To
correctly describe such infants and
provide accurate documentation and
data collection, an expanded Apgar
score reporting form is encouraged
(Fig 1). This expanded Apgar score
may also prove useful in the setting of
delayed cord clamping, in which the
time of birth (ie, complete delivery of
the infant), the time of cord clamping,
and the time of initiation of
resuscitation can all be recorded in
the comments box.

The Apgar score alone cannot be
considered to be evidence of or
a consequence of asphyxia. Many
other factors, including
nonreassuring fetal heart
rate–monitoring patterns and
abnormalities in umbilical arterial
blood gas results, clinical cerebral
function, neuroimaging studies,
neonatal electroencephalography,
placental pathology, hematologic
studies, and multisystem organ
dysfunction, need to be considered in
diagnosing an intrapartum
hypoxic–ischemic event.6 When
a category I (normal) or category II
(indeterminate) fetal heart rate
tracing is associated with Apgar
scores of 7 or higher at 5 minutes,
a normal umbilical cord arterial blood
pH (61 SD), or both, it is not
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consistent with an acute
hypoxic–ischemic event.4

OTHER APPLICATIONS

Monitoring of low Apgar scores from
a delivery service may be useful.
Individual case reviews can identify
needs for focused educational
programs and improvement in
systems of perinatal care. Analyzing
trends allows for the assessment of
the effect of quality improvement
interventions.

CONCLUSIONS

The Apgar score describes the
condition of the newborn infant
immediately after birth and, when
properly applied, is a tool for
standardized assessment.18 It also
provides a mechanism to record fetal-
to-neonatal transition. Apgar scores
do not predict individual mortality or
adverse neurologic outcome.
However, based on population
studies, Apgar scores of less than 5 at
5 and 10 minutes clearly confer an
increased relative risk of cerebral
palsy, and the degree of abnormality
correlates with the risk of cerebral
palsy. Most infants with low Apgar
scores, however, will not develop
cerebral palsy. The Apgar score is
affected by many factors, including
gestational age, maternal

medications, resuscitation, and
cardiorespiratory and neurologic
conditions. If the Apgar score at
5 minutes is 7 or greater, it is unlikely
that peripartum hypoxia–ischemia
caused neonatal encephalopathy.

RECOMMENDATIONS

1. The Apgar score does not predict
individual neonatal mortality or
neurologic outcome and should
not be used for that purpose.

2. It is inappropriate to use the Apgar
score alone to establish the di-
agnosis of asphyxia. The term as-
phyxia, which describes a process
of varying severity and duration
rather than an end point, should
not be applied to birth events un-
less specific evidence of markedly
impaired intrapartum or immedi-
ate postnatal gas exchange can be
documented.

3. When a newborn infant has an
Apgar score of 5 or less at 5
minutes, umbilical arterial blood
gas samples from a clamped sec-
tion of the umbilical cord should
be obtained. Submitting the pla-
centa for pathologic examination
may be valuable.

4. Perinatal health care professionals
should be consistent in assigning
an Apgar score during re-
suscitation; therefore, the Ameri-
can Academy of Pediatrics and the
American College of Obstetricians
and Gynecologists encourage use
of an expanded Apgar score
reporting form that accounts for
concurrent resuscitative
interventions.

AAP COMMITTEE ON FETUS AND NEWBORN,
2014–2015

Kristi L. Watterberg, MD, FAAP, Chairperson
Susan Aucott, MD, FAAP
William E. Benitz, MD, FAAP
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Dan L. Stewart, MD, FAAP
Kasper S. Wang, MD, FAAP

FIGURE 1
Expanded Apgar score reporting form. Scores should be recorded in the appropriate place at
specific time intervals. The additional resuscitative measures (if appropriate) are recorded at the
same time that the score is reported by using a checkmark in the appropriate box. The comment
box is used to list other factors, including maternal medications and/or the response to re-
suscitation between the recorded times of scoring. ETT, endotracheal tube; PPV/NCPAP, positive
pressure ventilation/nasal continuous positive airway pressure.

PREDICTION OF OUTCOME
A 1-minute Apgar score of 0 to 3 does 
not predict any individual infant’s 
outcome. A 5-minute Apgar score of 
0 to 3 correlates with neonatal 
mortality in large populations11,12 

but does not predict individual future 
neurologic dysfunction. Population 
studies have uniformly reassured us 
that most infants with low Apgar 
scores will not develop cerebral palsy. 
However, a low 5-minute Apgar score 
clearly confers an increased relative 
risk of cerebral palsy, reported to be 
as high as 20- to 100-fold over that of 
infants with a 5-minute Apgar score 
of 7 to 10.9,13–15 Although individual 
risk varies, the population risk of 
poor neurologic outcomes also 
increases when the Apgar score is 3 
or less at 10 minutes, 15 minutes, and 
20 minutes.16 When a newborn infant 
has an Apgar score of 5 or less at
5 minutes, umbilical arterial blood 
gas samples from a clamped section 
of the umbilical cord should be 
obtained, if possible.17 Submitting the 
placenta for pathologic examination 
may be valuable.
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abstractMechanical ventilation is associated with increased survival of preterm 
infants but is also associated with an increased incidence of chronic lung 
disease (bronchopulmonary dysplasia) in survivors. Nasal continuous 
positive airway pressure (nCPAP) is a form of noninvasive ventilation 
that reduces the need for mechanical ventilation and decreases the 
combined outcome of death or bronchopulmonary dysplasia. Other modes 
of noninvasive ventilation, including nasal intermittent positive pressure 
ventilation, biphasic positive airway pressure, and high-fl ow nasal cannula, 
have recently been introduced into the NICU setting as potential alternatives 
to mechanical ventilation or nCPAP. Randomized controlled trials suggest 
that these newer modalities may be effective alternatives to nCPAP and may 
offer some advantages over nCPAP, but effi cacy and safety data are limited.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

INTRODUCTION

Mechanical ventilation increases survival in preterm infants with 
respiratory failure; however, it is associated with an increased risk of 
bronchopulmonary dysplasia (BPD) and adverse neurodevelopmental 
outcomes.1 Attempts to decrease lung injury by using gentler ventilation 
strategies and restricting oxygen use have resulted in only modest 
improvements in the incidence of BPD.2 In 1987, Avery et al3 published 
a small observational study suggesting that using continuous positive 
airway pressure (CPAP) as the primary mode of respiratory support 
reduced the need for supplemental oxygen at 28 days of life. More recent 
randomized clinical trials have demonstrated that, in comparison with 
prophylactic or early use of surfactant, the use of CPAP decreases the 
need for invasive mechanical ventilation and the combined outcome of 
death or BPD.4,5 The most immature infants (24–25 weeks’ gestational 
age) may benefit most from this strategy,6 even though all randomized 
trials to date have shown a high rate of CPAP failure in these infants. 
CPAP has also been used to treat apnea of prematurity and is considered 
an evidence-based strategy to decrease postextubation failure.7–10

The search for ways to improve on CPAP in managing preterm infants 
with respiratory failure has identified 2 additional strategies of 
noninvasive ventilation: alternating nasal positive pressures, with 

To cite: Cummings JJ, Polin RA, AAP the COMMITTEE ON 
FETUS AND NEWBORN. Noninvasive Respiratory Support. 
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either nasal intermittent positive 
pressure ventilation (NIPPV) or 
bilevel nasal CPAP (BiPAP), and 
high-flow nasal cannula (HFNC). 
Numerous observational studies 
have investigated the utility of NIPPV 
or HFNC for a variety of neonatal 
disorders,11–24 but only randomized 
clinical trials with direct comparisons 
to nasal CPAP (nCPAP) are used to 
inform this statement. It is important 
to note that when CPAP is used for 
comparison, the technologies used to 
provide positive pressure (ventilator 
or bubble CPAP) and the strategies 
used to decrease air-leak through the 
mouth (chin strap or pacifier) differ 
between studies.

NIPPV AND BIPAP

Technical Considerations

NIPPV most commonly uses a 
ventilator to provide intermittent 
breaths at peak inspiratory pressures 
and rates similar to those used 
for mechanical ventilation. NIPPV 
has also been used in combination 
with high frequency ventilation.25 
BiPAP systems provide sigh breaths 
with much lower pressures, longer 
inflation times (0.5–1.0 second for 
the higher nCPAP pressure), lower 
cycle rates (10–30 per minute), 
and small differences (<4 cm H2O)
between high and low nCPAP 
pressures. Randomized clinical trials 
of NIPPV in human newborn infants 
have used a wide range of set peak 
pressures (10–25 cm H2O pressure)
and ventilator rates (10–60 per 
minute), variable inflation times 
(0.3–0.5 seconds) and synchronized 
or nonsynchronized breaths. Both 
NIPPV and BiPAP are generally 
used in a nonsynchronized mode. 
Intermittent breaths are generally 
delivered through short binasal 
prongs, although masks26 and long 
nasopharyngeal tubes27 have been 
used.

Synchronization of breaths is 
difficult with NIPPV or BiPAP. A 
pneumatic capsule placed on the 

abdomen was used in the Infant 
Star ventilator to allow patient 
triggering, but this ventilator is 
no longer available. The Infant 
Flow Advance BiPAP device, which 
uses an abdominal trigger, is not 
approved for use in the United States. 
Other forms of synchronization 
using neurally adjusted ventilatory 
assistance,28,29 flow triggering,30 
pressure triggering,31 or respiratory 
inductance plethysmography32,33 
have not been investigated in large 
randomized trials.

Physiologic Principles

NIPPV offers the main physiologic 
advantage of CPAP (ie, stabilization of 
alveoli by positive airway pressure) 
and theoretically promotes better 
ventilation by delivering positive 
pressure breaths to the lower 
airways. In addition, NIPPV may 
trigger an augmented inspiratory 
reflex (Head’s paradoxical reflex) 
in preterm infants. Data from 
surfactant-deficient piglets indicate 
that NIPPV results in less lung 
inflammation than synchronized 
intermittent mandatory ventilation.34 
The physiologic benefits of 
NIPPV may depend on whether 
the breaths are synchronized 
or nonsynchronized. Studies in 
preterm infants30,32,35,36 indicate 
that, in comparison with CPAP, 
synchronized NIPPV decreased 
the work of breathing, improved 
thoracoabdominal asynchrony, 
increased tidal volumes and minute 
ventilation, and decreased carbon 
dioxide concentrations. Similarly, 
Ali et al33 and Chang et al37 found 
that synchronized NIPPV improved 
thoracoabdominal synchrony33 and 
decreased inspiratory effort33,37 
but showed no benefit on tidal 
volume, minute ventilation, or PCO2.
In contrast, Owen et al38 found that 
nonsynchronized NIPPV increased 
the relative tidal volume by a modest 
15% during inspiration, with no 
consistent effect during expiration. 
Pressure delivered during expiration 

slowed the respiratory rate (by 
prolonging expiration). NIPPV 
applied during apneic episodes 
increased tidal volumes only 5% of 
the time, suggesting the importance 
of synchronization of NIPPV with an 
open glottis.38 Higher peak pressures 
did not consistently increase the 
likelihood of chest inflation. In 
addition, Owen et al39 demonstrated 
that the pressure delivered to the 
inspiratory limb of the nasal prongs 
was highly variable and was highest 
and most variable when the infant 
was moving.39 The variations in 
delivered pressure may reflect 
varying levels of resistance at the 
level of the glottis. Increasing the set 
peak inspiratory pressure did not 
consistently deliver a higher pressure 
to the infant, suggesting that a 
higher set pressure may not provide 
additional respiratory assistance.

Similar to the studies described 
previously, Miedema et al observed 
that nonsynchronized BiPAP (using 
the Infant Flow SiPAP system) 
did not increase tidal volumes 
or lower transcutaneous PCO2 in
stable preterm infants.40 However, 
Migliori et al40 (using a crossover 
design) demonstrated that 
nonsynchronized BiPAP compared 
with nCPAP in preterm infants 
24 to 31 weeks’ gestational age 
significantly improved ventilation 
and oxygenation in a 4-hour study.41

NIPPV for Apnea of Prematurity

Randomized studies of 
nonsynchronized NIPPV for apnea 
of prematurity included small 
numbers of infants, were mostly of 
short duration (Table 1), and have 
not revealed consistent benefit.42–44 
In the study by Ryan et al,44 peak 
pressures were not transmitted to 
the chest wall, which is consistent 
with upper airway obstruction. There 
is very little evidence to support 
the effectiveness of NIPPV for 
apnea; however, a recent Cochrane 
review concluded, “NIPPV may be 
a useful method of augmenting the 
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beneficial effects of nCPAP in preterm 
infants with apnea that is frequent 
or severe. Additional safety and 
efficacy data are required before 
recommending NIPPV as a standard 
therapy for apnea.”9 No studies using 
synchronized NIPPV in infants with 
apnea have been performed.

NIPPV or nCPAP for Prevention of 
Postextubation Failure

NIPPV has been compared 
with nCPAP for prevention of 
postextubation failure in preterm 
infants36,45–52 (Table 2).* The trial 
of Kirpalani included infants with 
respiratory distress syndrome (RDS; 
preintubation) and infants with 
RDS after extubation and permitted 
the use of ventilator-driven NIPPV 
(synchronized or nonsynchronized) 
and the use of bilevel devices. 
The study by O’Brien et al51 used 
bilevel devices. The most recent 
Cochrane meta-analysis concluded 
that NIPPV decreased the risk of 
meeting respiratory failure criteria 
postextubation (relative risk [RR], 
0.71; 95% confidence interval 

[CI], 0.61–0.82) and the need for 
reintubation (RR, 0.76; 95% CI, 0.65–
0.88).7 Those benefits were more 
consistently observed in studies 
using synchronized NIPPV.

NIPPV or nCPAP for Management of 
Preterm Infants With RDS

The early use of CPAP with 
subsequent selective surfactant 
administration in extremely preterm 
infants results in lower rates of 
BPD/death when compared with 
prophylactic or early surfactant 
administration.56 Furthermore, 
early initiation of CPAP may lead to 
a reduction in both the duration of 
mechanical ventilation and the need 
for postnatal corticosteroid therapy. 
NIPPV has been investigated as an 
alternative to CPAP for the acute 
management of infants with RDS 
(Table 3).7,57–63

Seven randomized trials have 
compared nCPAP with NIPPV for 
the initial management of infants 
with RDS (Table 3). All but 2 
trials50,64 enrolled infants >30 weeks’ 
gestation, which is a population 
less likely to fail CPAP or develop 
BPD. Only 1 study was powered to 
detect a difference in the incidence 
of BPD, and none of the trials were 
blinded.27,31,50,53–55,63,64

Only 1 randomized trial has been 
published that limited enrollment to 
infants <30 weeks’ gestation.50 In this 
study, 1099 infants with RDS were 

randomly assigned to receive NIPPV 
(ventilator-driven, synchronized, or 
nonsynchronized, or using a bilevel 
device) or nCPAP. Fifty-one percent 
of study infants were enrolled after 
extubation. The primary outcome 
was death before 36 weeks of 
postmenstrual age or survival with 
BPD (National Institute of Child 
Health and Human Development 
criteria or oxygen reduction test). 
The mean gestational age was 26 
weeks; 38.4% of the NIPPV group 
died or survived with BPD (vs 36.7% 
of the nCPAP group [P = .56]). There
were no differences in the duration 
of respiratory support or survival 
without BPD in infants randomly 
assigned to the NIPPV or nCPAP 
groups.

Safety of NIPPV

Most of the randomized trials 
summarized previously were 
small and not sufficiently powered 
to detect serious complications 
such as gastrointestinal tract 
perforation. Although abdominal 
distention has been observed, it has 
not been clinically significant. The 
rate of necrotizing enterocolitis is 
unaffected by use of NIPPV.7 The 
capacity for NIPPV to cause nasal 
septum erosion/trauma has not been 
adequately studied but it is likely 
be similar to that observed with 
nCPAP.50

* A study by Gao et al47 is not included
in Table 2, because it enrolled more
mature infants. Similarly, the study
of Ramanathan et al54 is not included
because infants randomly assigned to
NIPPV were extubated sooner than
those randomly assigned to nCPAP,
who remained ventilated for a longer
period of time.

TABLE 1  NIPPV or nCPAP for Apnea of Prematurity

Authora Year Study Design Gestational 
Age, wk

Study No. Mode Methylxanthines End Point Outcome

Ryan et al 198944 Crossover trial: Infants 
allocated to CPAP or 
NIPPV for 6 h

26 ± 2 20 Nonsynchronized Yes Apnea events/h No signifi cant 
difference

Lin et al 199842 Randomized clinical trial: 
Infants allocated to 
nCPAP or NIPPV for 4 h

27.6 (25–32) 34 Nonsynchronized Yes Apnea or 
bradycardia 
events/h

Signifi cant reduction 
in apnea events 
with NIPPV (P = .02)

Pantalitschka 
et al 200943

Crossover trial: Infants 
allocated to: Variable 
fl ow CPAP; Bubble 
CPAP; NIPPV; NIPPV 
+ variable fl ow CPAP
for 6 h

28 (24–32) 16 Nonsynchronized No Cumulative rate 
of bradycardia 
or desaturation 
episodes

Signifi cant reduction 
with variable fl ow 
CPAP (with or 
without NIPPV). No 
benefi t to bubble 
CPAP or NIPPV alone

a Refers to number in References.
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Biphasic nCPAP (BiPAP) Versus 
nCPAP

BiPAP is a form of noninvasive 
ventilation that provides 2 
alternating levels of continuous 
positive airway pressure at set 

intervals using nasal prongs or 
a facemask. Two prospective 
randomized clinical trials have 
evaluated nCPAP versus BiPAP. 
Lista et al65 randomly assigned 40 
preterm infants with RDS and a 
mean gestational age of 30 weeks 

to receive synchronized BiPAP 
(Infant Flow) or nCPAP (Infant Flow) 
after surfactant administration 
and extubation. Infants randomly 
assigned to receive nCPAP had a 
significantly longer duration of 
respiratory support (mean ± SD: 

TABLE 3  NIPPV or nCPAP for Prevention of Postextubation Failure

Authora Year Study Design Gestational 
Age, wk

Study No. Synchronized or 
Nonsynchronized

End Point Methylxanthines Outcome

Khalaf et al 
200148

Randomized CPAP: 27.6 
NIPPV: 27.7

32 Synchronized Extubation failure 
by 72 h

Aminophylline 100% NIPPV increased success of 
extubation for 72 h (P = .01)

Friedlich et al 
199947

Randomized CPAP: 27.6 
NIPPV: 28.0

41 Synchronized Extubation failure 
by 48 h

Aminophylline 
 82%–90%

NIPPV increased success of 
extubation (P = .016)

Barrington et 
al 200146

Randomized CPAP: 26.1 
NIPPV: 26.1

54 Synchronized Extubation failure Aminophylline 100% NIPPV increased success of 
extubation

Khorana et al 
200849

Randomized CPAP: 29.25 
NIPPV: 28.33

48 Nonsynchronized Extubation failure 
by 7 d

Aminophylline 100% Reintubation rate was not 
signifi cantly different

Moretti et al 
199936

Randomized CPAP: 27.1 
NIPPV: 26.9

63 Synchronized Extubation failure Caffeine 100% NIPPV increased success of 
extubation (P < .01)

Kirpalani et al 
201350

Randomized CPAP: 26.2 
NIPPV: 26.1

845 Synchronized and 
 nonsynchronized

Respiratory 
failure after 
extubation

Caffeine 82.9% Marginally decreased 
incidence of respiratory 
failure (RR, 0.86; 95% CI, 
0.72–1.01)

O’Brien et al 
201251

Randomized 260/7–296/7 133 Nonsynchronized Sustained 
extubation 
for 7 d

Caffeine 100% Decreased need for 
ventilation at 7 d. No 
signifi cant difference in 
rate of respiratory failure 
or need for reintubation

a Refers to number in References.

TABLE 2  NIPPV or nCPAP for Preterm Infants With RDS

Authora Year Study Design Mean 
Gestational 

Age, wk

Study No. Mode End Point Methylxanthines or 
Surfactant

Outcome

Kugelman et 
 al 200731

Randomized CPAP: 30.6; 
NIPPV: 31.1

86 Synchronized Need for intubation Methylxanthines 
 (<40%). Surfactant as 
rescue therapy

NIPPV decreased need 
for intubation 
(P < .05) and BPD 
(P < .05)

Bisceglia et 
 al 200753

Randomized CPAP: 30.6; 
NIPPV: 29.8

88 Nonsynchronized Need for intubation No methylxanthines; 
 No surfactant

NIPPV decreased 
apnea episodes 
and duration of 
respiratory support, 
but no decrease in 
need for intubation

Kishore et al 
 200927

Randomized 28–34 76 Nonsynchronized Failure of noninvasive 
 support

Aminophylline if birth 
wt <1000 g. Variable 
use of surfactant

NIPPV decreased 
failure rate at 48 h 
(P = .024) and 7 d 
(P = .036)

Meneses et 
 al 201154

Randomized CPAP: 30.1; 
NIPPV: 29

200 Nonsynchronized Need for mechanical 
  ventilation in 

fi rst 72 h

Methylxanthines in 
100%. Surfactant as 
rescue therapy

No signifi cant 
difference in need 
for ventilation

Shi et al 
 201455

Randomized CPAP: 34.2; 
NIPPV: 34.32

179 term 
  and 

preterm

Nonsynchronized Need for intubation Surfactant as rescue 
therapy: 82%–83%

NIPPV decreased need 
for intubation in 
preterm infants 
(P < .05)

Kirpalani et 
 al 201350

Randomized CPAP: 26.2; 
NIPPV: 26.1

1009 Synchronized and 
 nonsynchronized

Death before 36 wk of 
  postmenstrual age 

or survival with BPD

Caffeine: 82.9%; 
Surfactant ~20% 
(postrandomization)

No signifi cant 
differences in 
survival or BPD

a Refers to number in References.
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CPAP, 13.8 ± 8 days, versus BiPAP, 
6.5 ± 4 days; P = .027). O’Brien et al51

randomly assigned 128 infants (mean 
gestational age, 27 weeks) to receive 
nonsynchronized BiPAP (Infant 
flow) or nCPAP (Infant Flow) after 
extubation. The primary end point 
in this study, sustained extubation 
(≥7 days), was not different between
groups. Retinopathy of prematurity 
(stage 2 or higher) was significantly 
more common in the BiPAP group, an 
observation that the authors could 
not explain.51

CONCLUSIONS

• In comparison with nCPAP,
synchronized NIPPV decreases
the frequency of postextubation
failure.

• Studies using nonsynchronized
NIPPV or BiPAP for postextubation
failure are inconclusive.

• Data do not support the superiority
of NIPPV/BiPAP (synchronized or
nonsynchronized) over nCPAP for
the management of infants with
RDS.

• There is no published evidence
of benefit of NIPPV or BiPAP
for apnea of prematurity;
however, there have been no
published randomized trials using
synchronized NIPPV or BiPAP.

• Further research is needed before
recommending NIPPV or BiPAP
over nCPAP for the management of
infants with RDS or apnea.

HIGH-FLOW NASAL CANNULA

Technical Considerations

The commonly used term “high-flow 
nasal cannula” (HFNC) is somewhat 
oversimplified, because in clinical 
practice, much more than flow 
distinguishes HFNC from so-called 
low-flow nasal cannula (LFNC) 
devices. LFNCs are primarily used 
to deliver oxygen to infants with 
chronic lung disease (BPD) at flow 

rates <1 L/minute. Higher flows 
are reserved for older infants and 
children because of concerns about 
airway desiccation, mucosal injury, 
and airway obstruction.66–68

For the purpose of this report, any 
cannula that delivers gas at a flow 
>1 L/minute will be considered high
flow. However, the term HFNC will
specifically refer to the delivery of
blended, heated, and humidified
oxygen. This approximates the
physiologic conditioning that is
normally performed by the upper
airway during spontaneous breathing
in ambient air and maintains a
healthy environment for the nasal
mucosa.

Physiologic Principles

A key feature of HFNC is the 
preconditioning of the inspired gas. 
Because it normally takes metabolic 
energy for the body to warm and 
humidify the air we breathe, HFNC 
has the advantage of reducing resting 
energy expenditure.69 Even though 
CPAP also uses warmed, humidified 
gas, an in vivo study revealed that 
the humidity of gas delivered by 
HFNC was significantly greater.37 It 
is uncertain whether the increased 
humidity delivered by HFNC is 
clinically important.

The clinically reported respiratory 
benefits of HFNC primarily have 
been decreased work of breathing 
and reduced supplemental oxygen 
requirement. There are several 
proposed mechanisms of action to 
explain these findings, although none 
have been conclusively demonstrated 
in vivo.69 These include the following: 
(1) reduction of inspiratory
resistance23; (2) washout of
nasopharyngeal dead space70; and
(3) provision of positive airway
distending pressure.71,72

Measurement of continuous 
distending pressure levels during 

HFNC use, both in vitro and in 
vivo, has produced variable 
results.19,23,71–87 However, it is clear 
that under certain circumstances 
(tightly fitting nasal prongs, high flow 
rates, and closed mouth), HFNC can 
generate high nasopharyngeal airway 
pressures.71,83 However, it is unlikely 
that excessive pressures with HFNC 
will occur if the manufacturers’ 
recommendation to use prongs less 
than half the size of the nares is 
followed.

HFNC for Weaning From CPAP

There are no prospective, 
randomized studies of HFNC in 
preterm infants to facilitate weaning 
from CPAP. A recent matched-pair 
cohort study in 79 preterm infants 
≤28 weeks’ gestation compared
weaning from nCPAP to LFNC versus 
HFNC and revealed that infants 
in the HFNC group weaned from 
nCPAP significantly sooner but had 
no difference in overall duration of 
respiratory support.15

HFNC After the INSURE Approach

One prospective trial has been 
conducted to determine whether 
HFNC can decrease reintubation after 
the INSURE (intubation–surfactant–
extubation) procedure in preterm 
infants with RDS.88 In this study, 45 
infants (mean gestational age, 27.7 
weeks) were randomly assigned 
to immediate extubation and 
placement on HFNC or maintained 
on mechanical ventilation and 
gradually weaned to extubation. 
Seventy percent (16 of 23) of the 
infants in the HFNC group did not 
require intubation, which suggests 
that HFNC might be an alternative to 
CPAP in preventing reintubation after 
INSURE.

HFNC Versus CPAP for Noninvasive 
Respiratory Support of Preterm 
Infants

Several prospective randomized 
trials have compared HFNC 
versus CPAP for the respiratory 
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management of preterm infants89–96 
(Table 4)†; 3 of these studies have 
been published only in abstract 
form.91,93,95 Four studies compared 
HFNC versus CPAP as primary 
support only,91–93,95 2 of these 
compared HFNC versus CPAP for 
postextubation support,90,94 and 1 
study compared HFNC versus CPAP 
either as primary support or to 
reduce postextubation failure.96

In the 5 studies of primary support 
only, 3 compared the rate of 
respiratory failure, defined either 
by clinical worsening or the need 
for intubation, and revealed no 
differences.91,93,95 Two additional 
studies did not assess respiratory 
failure, but compared pain and/or 
discomfort scores; an observational 
cross-sectional study in 60 preterm 
infants revealed that the application 
of HFNC was associated with less 

pain compared with nCPAP,97 
whereas a randomized crossover 
study in 20 preterm infants revealed 
no differences during treatment.92

Collins et al90 randomly assigned 
132 mechanically ventilated preterm 
infants <32 weeks’ gestational age 
to HFNC at 8 L/minute or nCPAP at 
either 7 or 8 cm H2O, depending on
supplemental oxygen requirement.90 
Treatment failure (predefined as a 
combination of acidosis, hypercarbia, 
oxygen requirement, and frequent 
apnea episodes) during the first 7 
days postextubation was 22% (15 of 
67) in the HFNC group and 34% (22
of 65) in the CPAP group (P = .14).
The rate of reintubation within the
first week was 10% (7 of 67) in the
HFNC group and 12% (8 of 65) in
the CPAP group (P = .79). Predefined
nasal trauma scores (lower indicating
less trauma) averaged 3.1 ± 7.2 in the
HFNC group and 11.8 ± 10.7 in the
CPAP group (P < .001).

Manley et al94 randomly assigned 
303 ventilated preterm infants (<32 
weeks’ gestational age) to HFNC 
at 5 to 6 L/minute (depending on 

nasal prong size) or nCPAP at 7 
cm H2O after extubation.94 Rescue
therapy with CPAP for infants who 
failed HFNC was permitted, but 
the converse was not allowed. In 
addition, nonsynchronized NIPPV 
could be used at any time in the 
CPAP group or in any infant in the 
HFNC group who subsequently 
received CPAP. The incidence of 
treatment failure by predefined 
criteria was 34% in the HFNC group 
and 26% in the CPAP group (P =
.13).‡ The rate of reintubation was 

† One study by Campbell et al,91 
although included in a recent 
meta-analysis of HFNC use,99 is not 
included here, because the device 
used in that study did not deliver 
fully warmed and humidified gas.

‡ Randomization was stratified by 
gestational age (<26 vs ≥26 weeks). 
Although not reaching statistical 
significance, there was a greater 
difference in failure rate between 
the treatment groups in the more 
immature stratum (81.3% in the 
HFNC group versus 61.3% in the 
CPAP group). This is consistent with 
a recent survey of neonatal intensive 
care nurses, the majority of whom 
believed that HFNC was less likely 
than nCPAP to prevent reintubation 
of infants of 24 to 26 weeks’ 
gestational age.98

TABLE 4  Prospective, Randomized Trials of HFNC Versus CPAP for Respiratory Support of Preterm Infants

Authora Year GA, wk HFNC, 
N

CPAP, N HFNC, L/
min

CPAP, cm 
H2O

Failure 
Criteria

HFNC 
Failureb

CPAP 
Failure

P 2-tailed Comments

Nair and Karna 
200595

27–34 13 15 5–6 5–6 Multiplec 2 (15) 2 (13) 1.0 Abstract only

Joshi et al 
200891

Mean=32.8 42 38 NS NS Intubation 8 (20) 11 (29) .43 Abstract only

Lavizarri et al 
201393

29–366/7 40 52 4–6 4–6 Intubation 
within 72 h

5 (13) 3 (6) .29 Abstract only

Collins et al 
201390

<32 67 65 8 7 or 8 Multiplec 15 (22) 22 (34) .14

Manley et al 
201394

<32 152 151 5–6 7 Multiplec 52 (34) 39 (26) .13 Noninferiority trial

Yoder et al 
201396

28–42 212 220 3–5 5–6 Intubation 
within 72 h

23 (11) 18 (8) .34 Nasal trauma; HFNC: 9%; 
 CPAP: 16% (P = .047)

Klingenberg et 
al 201492

<34 10 10 5–6 4–5 EDIN 
  discomfort 

scores

10.7 ± 3.3 11.1 ± 3.0 .35 Crossover trial with all 
 infants crossing after 
24 h

Osman et al 
201497

<35 23 37 2–8 4–6 PIPPd 4 (2–6) 10 (7–12) <.01 Observational cross-
 sectional study

Salivary 
 cortisol

5 (4–6) 2 (1–2) <.01

GA, gestational age; NS, not specifi ed; EDIN, Échelle de Douleur et d'Inconfort du Nouveau-né (French for newborn pain discomfort scale).
a Refers to number in References. 
b Failure numbers are shown as N (%) or ±SD as scores (Klingenberg, Osman) or as levels (Osman).
c Criteria included a combination of decreased pH, increased PCO2, increased FIO2, and increased apnea/bradycardia episodes.
d PIPP, Premature Infant Pain Profi le.98
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18% (27 of 152) in the HFNC 
group and 25% (38 of 151) in 
the CPAP group (P = .12). Nasal
trauma was more common in 
the CPAP group (P = .01). The
incidence of other serious adverse 
events was no different between 
groups.99

Yoder et al96 randomly assigned 
432 infants (gestational age range, 
28–42 weeks) within 24 hours of 
birth, to avoid intubation (n = 141)
or after mechanical ventilation 
(n = 291),96 to receive either HFNC
(3–5 L/minute flow, depending on 
weight) or nCPAP (5–6 cm H2O),
using a variety of devices. The nasal 
cannulas used in this trial allowed for 
an approximately 50% gap between 
each prong’s outer diameter and the 
internal diameter of the respective 
naris, and free flow around the 
prongs was determined by periodic 
auscultation. Extubation failure, 
defined as reintubation within 72 
hours, was 10.8% in the HFNC group 
and 8.2% in the CPAP group (P = .34).
Intubation at any time occurred in 
15.1% of infants in the HFNC group 
and 11.4% of infants in the CPAP 
group (P = .25). The incidence of
nasal trauma was 9% in the HFNC 
group and 16% in the CPAP group 
(P = .047).

A Cochrane review published in 2011 
concluded that there was insufficient 
evidence to establish the safety and 
effectiveness of HFNC compared 
with nCPAP.100 However, at the time 
of that review, only 2 studies, both 
published only as abstracts, had been 
reported.91,95 The 5 randomized 
clinical trials (with a total of 979 
infants) reported after 2011 together 
suggested that HFNC is comparable 
to nCPAP in managing RDS or 
preventing postextubation failure 
and that HFNC causes less nasal 
trauma.

Miller et al101 randomly assigned 
40 ventilated preterm infants 
(26–29 weeks’ gestational age) to 
1 of 2 HFNC devices after initial 

extubation.101 Infants were given 
a loading dose of caffeine and then 
extubated and placed on the HFNC 
device at 6 L/minute. The incidence 
of treatment failure, defined as the 
need for reintubation within 72 
hours of initial extubation, was 18% 
(3 of 17) in 1 group and 9% (2 of 22) 
in the other (P = .64). The need for
intubation within 7 days of initial 
extubation was 30% (5 of 17) in 1 
group and 27% (6 of 22) in the other 
(P = 1.0).

Safety of HFNC

HFNC creates increased proximal 
airway pressure and, as with all 
forms of positive airway pressure, 
there is a risk of traumatic air 
dissection.102,103 Pressure-relief 
valves incorporated into some 
HFNC devices may not be 
sufficient to avoid excessive 
pressure.83 Careful attention 
should be given to the size of the 
prongs to allow an adequate leak 
between the prongs and the infant’s 
nares, as well as the use of the 
lowest effective flow rates. No 
single randomized study to date 
has been sufficiently large to 
address safety concerns; however, 
recent studies of nearly 500 infants 
randomly assigned to HFNC in 
aggregate have suggested that the 
rate of air leak is comparable to that 
with nCPAP.

CONCLUSIONS

• HFNC devices used in preterm
neonates should precondition
inspiratory gases close to
normal tracheal gas conditions
(37°C and 100% relative
humidity).

• HFNC devices that precondition
the inspiratory gas mixture
and deliver 2 to 8 L/minute
flow may be an effective
alternative to nCPAP for
postextubation failure. However,
more data are needed.

• HFNC may be associated with less
nasal trauma than nCPAP, at HFNC
flow rates up to 8 L/minute.

• HFNC may generate unpredictably
high nasopharyngeal pressures
and has potential for traumatic
air dissection; careful attention
to the size of the prongs,
demonstration of an adequate
air leak between the prongs and
the nares, and use of the lowest
clinically effective flow rates will
reduce this risk.

• None of the published studies
on HFNC have been sufficiently
powered to determine the safety of
HFNC.
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BiPAP:  bilevel nasal positive 
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BPD:  bronchopulmonary 
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CPAP:  continuous positive airway 

pressure
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nCPAP:  nasal continuous positive 
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NIPPV:  nasal intermittent 

positive pressure 
ventilation

RDS:  respiratory distress 
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abstractThe use of supplemental oxygen plays a vital role in the care of the critically 
ill preterm infant, but the unrestricted use of oxygen can lead to unintended 
harms, such as chronic lung disease and retinopathy of prematurity. An 
overly restricted use of supplemental oxygen may have adverse effects as 
well. Ideally, continuous monitoring of tissue and cellular oxygen delivery 
would allow clinicians to better titrate the use of supplemental oxygen, 
but such monitoring is not currently feasible in the clinical setting. The 
introduction of pulse oximetry has greatly aided the clinician by providing 
a relatively easy and continuous estimate of arterial oxygen saturation, but 
pulse oximetry has several practical, technical, and physiologic limitations. 
Recent randomized clinical trials comparing different pulse oximetry targets 
have been conducted to better inform the practice of supplemental oxygen 
use. This clinical report discusses the benefi ts and limitations of pulse 
oximetry for assessing oxygenation, summarizes randomized clinical trials 
of oxygen saturation targeting, and addresses implications for practice.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

INTRODUCTION

The discovery of oxygen is attributed to Polish scientist Michal Sędziwój
in 1604, and a series of observations by John Mayow, Carl Wilhelm 
Scheele, and Joseph Priestley established the necessity of oxygen for 
life. In the early 1940s, Wilson et al 1 demonstrated that the use of 
70% oxygen reduced periodic breathing in preterm infants. In 1949, 
investigators studying breathing irregularities in newborn infants 
recommended using 40% to 50% oxygen for all preterm infants 
immediately after birth for as long as 1 month. 2

In 1951, two physicians, Kate Campbell in Melbourne, Australia, and 
Mary Crosse in Birmingham, England, suggested that unrestricted use of 
oxygen was associated with an increased risk of retrolental fibroplasia 
(now called retinopathy of prematurity [ROP]). 3,  4 Several small clinical 
studies during the next few years confirmed this suggestion and 
recommended restricted use of supplemental oxygen. 5  – 9 In those studies, 
there was a trend toward increased mortality in the oxygen-restricted 
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infants, although it did not reach 
statistical significance. 5 –7,  9 Therefore, 
restricted oxygen use in preterm 
infants gained general acceptance, 
despite estimates of 16 additional 
deaths for every case of blindness 
prevented. 10

Because measurement of arterial 
oxygen tension was not yet feasible 
clinically, none of the earlier studies 
of oxygen supplementation and ROP 
were able to correlate measures of 
blood or tissue oxygenation with 
increased risk of ROP. In 1977, 
a large, 5-center, prospective 
observational study could not 
demonstrate a correlation between 
high partial pressure of oxygen in 
arterial blood (PaO2) and ROP but
did find a strong association of 
ROP with cumulative supplemental 
oxygen exposure. 11 In 1987, a small 
randomized study of transcutaneous 
oxygen monitoring in infants with 
a birth weight <1300 g found a 
significantly lower rate of ROP in 
infants who were managed with 
continuous oxygenation measures 
versus standard intermittent 
oxygenation assessment. 12

In the ensuing decades, numerous 
observational studies have indicated 
that the incidence of ROP and 
bronchopulmonary dysplasia could 
be reduced by restricted use of 
oxygen. In 2007, the Guidelines for 
Perinatal Care recommended an
oxygen saturation range of 85% 
to 95%. 13 Recently completed 
randomized trials using nearly 
identical trial designs have now 
provided additional evidence 
regarding the effects of varying 
saturation targets in the NICU. The 
present clinical report discusses 
the benefits and limitations of pulse 
oximetry for assessing oxygenation, 
summarizes randomized clinical 
trials of oxygen saturation targeting, 
and addresses implications for 
practice.

PULSE OXIMETRY: ITS USES AND 
LIMITATIONS IN MONITORING OXYGEN 
DELIVERY

Principles of Pulse Oximetry

Pulse oximeters measure the 
differential absorption of red and 
infrared light by oxyhemoglobin and 
deoxyhemoglobin. In neonates and 
young infants, light is transmitted 
through a distal extremity and sensed 
by a detector placed on the opposite 
side of the extremity. Pulsatile 
blood flow results in fluctuations 
in blood volume, thereby changing 
the distance the light has to travel. 
Detecting this variable component 
of light transmission allows pulse 
oximeters to eliminate signals 
attributable to nonarterial blood 
elements, such as venous blood, 
skin, connective tissue, muscle, and 
bone, directly measuring the relative 
amounts of oxyhemoglobin and 
deoxyhemoglobin in arterial blood 
and reporting saturation (SpO2).

Limitations of Pulse Oximetry for 
Monitoring Tissue Oxygenation

Device Limitations

Accuracy. The accuracy of pulse 
oximetry is determined by 
comparison of SpO2 with the
measured saturation of arterial 
blood (SaO2). Most manufacturers
report an SD of the difference 
between SpO2 and actual SaO2 of
3 points for neonates. However, 
because 1 SD on each side of the 
mean includes approximately 68% 
of the measurements, nearly one-
third of the measurements will fall 
outside that range. For example, an 
SpO2 reading of 88% could reflect an
actual SaO2 between 85% and 91% in
68% of infants but may fall outside a 
range of 82% to 94% in up to 5% of 
infants.

The accuracy of pulse oximetry also 
depends on the range of saturations 
being measured. Reports of increased 
inaccuracy at the lower ranges 
of saturation values commonly 
encountered in the NICU are of great 

concern. For oximetry saturation 
readings in the 85% to 89% range, 
early studies reported that actual 
arterial saturations were as much as 
10 points lower. 14,  15 These findings 
have been confirmed in the most 
recently developed devices using 
signal extraction technology to 
reduce motion artifact; in 1 study, 
39% of oximeter readings in the 85% 
to 89% range had arterial saturations 
below that range, with 25% of those 
readings having an actual SaO2
<80%. 16 This finding is consistent 
with a previous observation that 
using an 85% to 89% Spo2 range
resulted in PaO2 values much lower
than expected. 17 In addition, pulse 
oximeters are only calibrated down 
to 80%; saturations below this level 
are extrapolated and may therefore 
be subject to even greater error.

Averaging Times. Pulse oximeters 
do not give instantaneous readings 
of Spo2 because aberrant signals can
make the device response erratic. 
Modern devices use time-averaging 
(typically, from 2–16 seconds) over 
several heartbeats to smooth out 
the displayed readings. In general, 
longer averaging times result in a 
more stable value with fewer false 
alarms; however, longer averaging 
times are also less sensitive to brief 
deviations in saturation outside the 
targeted range. Longer averaging 
times not only reduce the detection 
of desaturations that are either brief 
(<30 seconds) or marked (<70%) 
but also overestimate the duration of 
some detected events by combining 
2 or more shorter events. 18,  19 
Shorter averaging time will detect 
more events but result in more false 
alarms. Studies have not been able 
to demonstrate that averaging times 
alter the amount of time actually 
spent outside targeted ranges. 
However, a particular concern is the 
potential for delayed detection of 
hypoxemic events.

Pulse Oximeter Algorithms. Pulse 
oximeters do not measure oxygen 
saturation directly but derive 
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Spo2 from an internal reference
table generated from empirical 
measurements of SaO2 in healthy
adult subjects. No pulse oximeter 
uses calibration data derived from 
Sao2 measurements in critically
ill patients or even in well infants. 
Although the effect of age on 
pulse oximeter accuracy has not 
been studied, at least 1 study has 
shown that in critically ill adult 
patients, changes in Spo2 tend to
overestimate actual changes in SaO2,
and this discrepancy worsened 
with decreasing hemoglobin 
concentrations. 20

Relationship Between SaO2 and PaO2

Oxygen delivery depends on 2 
factors: oxygen content of the arterial 
blood and blood flow. Oxygen content 
is determined by hemoglobin-oxygen 
saturation and, to a much lesser 
extent, by dissolved oxygen; both 
hemoglobin saturation and dissolved 
content depend on the prevailing 
PaO2. Although the relationship
between SaO2 and PaO2 is reasonably
linear at SaO2 values <80%, the
slope of that relationship changes at 
SaO2 levels >80%, resulting in large
changes in PaO2 with small changes
in SaO2. This relationship is even
more exaggerated in the presence 
of hemoglobin F, which shifts the 
oxyhemoglobin dissociation curve to 
the left. Given that SpO2 is, at best, an
estimate of SaO2, SpO2 measurements
become poor predictors of actual 
PaO2 levels, particularly when the
infant is receiving supplemental 
oxygen.

Fetal Versus Adult Hemoglobin

Absent a history of intrauterine 
transfusion, all extremely low 
birth weight neonates have 
high concentrations (>95%) of 
hemoglobin F in their blood. 
Hemoglobin F has a higher affinity 
for oxygen than does hemoglobin A 
and enhances tissue oxygen delivery 
at lower SaO2 levels. As the amount of
hemoglobin A relative to hemoglobin 
F increases in the blood (eg, after 

a red blood cell transfusion), this 
ability diminishes. Because the 
absorption spectrum for hemoglobin 
F is similar to hemoglobin A, there is 
no effect on the correlation between 
Spo2 and SaO2.

Clinical Variables Affecting Oxygen 
Saturation Targeting

Few studies have examined ways 
to best target a specific oxygen 
saturation range in preterm infants. 
Manually maintaining oxygen 
saturation targets in a given range 
depends on several factors, including: 
(1) technology (ie, setting SpO2
alarm limits); (2) personnel (bedside
nurses); and (3) the clinical stability 
of the patient. Although automated, 
closed-loop systems of oxygen 
delivery have been developed, they 
are not approved for clinical use in 
the United States. 21

Alarm Limits

Alarm limits must be distinguished 
from targets. Targets represent the 
clinical goal, and alarm limits are 
used to achieve that goal. In clinical 
practice, alarm limits typically are 
set at or slightly beyond the target 
range. Some monitoring systems 
allow the use of “alerts” or “soft” 
alarms, which are less disruptive 
(being either visual, or at a lower 
volume or frequency) but warn that a 
parameter is about to reach an alarm 
limit. In these cases, the alerts are 
set within the targets, and the alarm 
limits may be set wider.

From a human engineering 
perspective, there are 2 problems 
with the setting of alarm limits. First, 
the majority of alarms do not require 
intervention. Most are either false 
(eg, a displaced probe or electrode) 
or are so brief that an intervention 
is not required. Second, the sheer 
number of alarms that go off in a busy 
NICU in a single day can total in the 
thousands, leading to desensitization. 
Both issues can lead to disregard 
of alarms, either deliberately or 
unintentionally; this condition has 

been termed “alarm fatigue” and is 
one reason why providers change 
alarm limits from those ordered. 
Clucas et al 22 observed that in infants 
weighing <1500 g, the lower alarm 
limit was set correctly 91% of the 
time, but the upper alarm limit was 
set correctly only 23% of the time. 
This differential compliance with 
low versus high alarms could be 
attributable to an increased tendency 
for the high alarm limit to be reached, 
the assumption that hypoxemia is 
more detrimental than hyperoxemia, 
and/or the fact that many monitors 
automatically reset to a high alarm 
limit of 100% when first turned on. 23

A balance must be struck between 
setting alarm limits too narrow 
(increasing the number of 
unnecessary alarms) or too wide 
(decreasing the safety margin for 
intervention). Studies have shown 
that matching the alarm limits with 
the target range is associated with 
more time spent within the target 
range. 24,  25

Personnel

In the multicenter COT (Canadian 
Oxygen Trial), study participants 
were maintained within the intended 
SpO2 range between 68% and 79%
of the time. Nurses from one of the 
centers identified several factors 
as important in targeting a specific 
saturation range, including: (1) 
education; (2) prompt response 
times; and (3) a favorable nurse-
to-patient ratio. 26 Targets in the 
Canadian trial were achieved 
significantly more often than in other 
randomized studies,  25,  27 even though 
those studies also used educational 
interventions and process 
algorithms. 24, 28 Even in studies in 
which favorable nurse-to-patient 
ratios were believed to exist, 
infants spent 33% to 38% of the time 
outside their target ranges. 20,  25 
Maintaining infants in a given target 
range is an extremely labor-intensive 
process, as evidenced by studies 
showing that multiple manual 
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adjustments per hour only achieved 
target ranges approximately 50% of 
the time. 29 Using a fully automated 
oxygen-controlling system improved 
targeting by 7% over manual 
control. 30

An additional concern is that manual 
documentation of hyperoxemic 
and hypoxemic episodes results 
in significant underreporting of 
such events. 31,  32 Better tracking 
of saturation targeting can be 
accomplished by using third-party 
data extraction technology 33 or by 
using the histogram feature available 
on some monitoring equipment. 27, 34

Stability of the Saturation Signal in 
Clinical Settings

Preterm infants who require 
respiratory support are at 
increased risk of straying outside 
desired oxygen saturation targets, 
particularly if they are receiving 
supplemental oxygen. Because these 
infants often have desaturations 
during routine care (eg, 
repositioning, feeding, suctioning), 
it was once common practice to 
increase supplemental oxygen just 
before delivering such care (ie, 
preoxygenation). Preoxygenation 
also has been used commonly 
during intubation or other invasive 
procedures. Such practices may be 
harmful. 35 Instead, oxygen saturation 
values should be monitored 
closely, with measures to increase 
oxygenation used only as needed 
to maintain SpO2 within the target
range.

RANDOMIZED CLINICAL TRIALS OF 
OXYGEN TARGETING

The optimal saturation range for 
preterm infants in the NICU has 
remained elusive for more than 70 
years. Although studies performed 
more than 50 years ago suggested an 
increased mortality associated with 
restricted oxygen administration,  36 
observational trials performed 
in the era of continuous SpO2

monitoring suggest that mortality is 
unchanged, with target SpO2 ranges
as low as 70%. 37 In addition, data 
from the Vermont Oxford Network 
indicate that the incidences of ROP 
and bronchopulmonary dysplasia 
are lower when a lower oxygen 
saturation range is targeted. 38 
However, because these were 
observational studies, no cause-and-
effect relationship can be inferred.

The first published randomized 
controlled trial (RCT) of differential 
targeting of oxygen saturations 
was the STOP-ROP (Supplemental 
Therapeutic Oxygen for Prethreshold 
Retinopathy of Prematurity) trial, 
published in 2000. 39 This study 
randomized infants to treatment 
when they reached “prethreshold” 
ROP, at an average postnatal age of 
10 weeks. In this multicenter trial, 
649 infants with prethreshold ROP 
were randomized to a saturation 
range of 89% to 94% (conventional 
arm) or 96% to 99% (supplemental 
arm). Progression to threshold 
ROP was not significantly different 
between groups in the total 
population; however, significant 
benefit was observed for infants 
in the high oxygen saturation arm 
who did not have “plus disease” 
(abnormal dilation and tortuosity 
of posterior pole blood vessels). On 
the negative side, infants in the high-
oxygen saturation arm experienced 
an increased length of supplemental 
oxygen therapy and more often 
received diuretics at 50 weeks’ 
postmenstrual age.

A second RCT that randomized 
infants to treatment at a later 
postnatal age was the BOOST 
(Benefits of Oxygen Saturation 
Targeting) trial (N = 358 infants),
which hypothesized that maintaining 
higher oxygen saturation target 
ranges (95%–98% vs 93%–96%) 
would improve growth and 
neurodevelopmental outcomes. 40 
The pulse oximeters in both groups 
were modified to read a targeted 
value in the range of 93% to 96%. 

The study reported no benefit to the 
higher saturation range but did find, 
similar to the STOP-ROP trial, that 
infants in the high-saturation arm 
had significant increases in length 
of oxygen therapy, supplemental 
oxygen at 36 weeks’ corrected 
gestation, and home oxygen.

In 2003, an international meeting of 
clinical trials experts, statisticians, 
neonatologists, ophthalmologists, 
and developmental pediatricians was 
convened to harmonize the planned 
RCTs of different target saturation 
ranges to be able to conduct a 
prospective individual patient meta-
analysis of the data after completion 
of the follow-up phase of the 
individual trials (NeOProM [Neonatal 
Oxygenation Prospective Meta-
analysis]). 41 Investigators from all 
3 planned studies agreed, including 
SUPPORT (Surfactant Positive Airway 
Pressure and Pulse Oximetry Trial), 
sponsored by the Eunice Kennedy 
Shriver National Institute for Child
Health and Human Development; the 
BOOST-II United Kingdom, Australia, 
and New Zealand study groups; and 
the COT trial. Although there were 
small differences in study design 
and outcome measures ( Table 1), 
the studies were similar in terms of 
the population enrolled, methods, 
interventions tested, and outcomes 
collected. All studies were masked by 
the use of pulse oximeters that read 
3% above or below the infant’s actual 
saturation value within the 85% 
to 95% range. Outside the range of 
study saturation values (≤84% and
≥96%), true saturation values were
displayed. The primary outcome of 
the NeOProM study 
was a composite of death or disability 
at 18 to 24 months of corrected age. 
It was estimated that 5000 infants 
would be needed to detect a 4% 
difference in the rate of death or 
disability. 42

The first of these 3 RCTs to be 
published was SUPPORT. 43 In this 
study, infants between 240/7 weeks’ 
and 276/7 weeks’ gestational age 
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(N = 1316) were randomized to 
the 2 different oxygen saturation 
ranges (85%–89% or 91%–95%) and 
also to either CPAP or intubation and 
surfactant, in a factorial 
design. Oxygen saturation targeting 
was initiated within 2 hours of 
birth. The primary outcome was a 
composite of severe ROP (defined as 
the presence of threshold retinopathy, 
need for surgical intervention, or the 
use of bevacizumab), death before 
discharge from the hospital, or both. 
The oximeters in SUPPORT used 
an older software algorithm that 
subsequently was updated for the 
other RCTs.

The composite primary outcome in 
SUPPORT did not differ significantly 

between the lower and the higher 
oxygen saturation groups (28.3% 
vs 32.1%; relative risk [RR], 0.90; 
95% confidence interval [CI], 
0.76–1.06). However, death before 
discharge from the NICU was 
significantly different, occurring 
in 19.9% of infants in the lower 
oxygen saturation group and 16.2% 
of infants in the higher oxygen 
saturation group (RR, 1.27; 95% 
CI, 1.01–1.60), with a number-
needed-to-harm of 27. In contrast, 
the rate of severe ROP among 
survivors was 8.6% in the lower 
saturation group versus 17.9% in the 
higher saturation group (RR, 0.52 
[95% CI, 0.37–0.73]), with a 
number-needed-to-benefit of 11. 

At 18 to 22 months of corrected 
age, death or neurodevelopmental 
impairment occurred in 30.2% 
of infants in the lower oxygen 
saturation group and 27.5% of 
those in the higher oxygen 
saturation group (RR, 1.12 [95% CI, 
0.94–1.32]). 44 Mortality remained 
significantly higher in the lower 
oxygen saturation group (22.1% vs 
18.2%; RR, 1.25 [95% CI, 1.00–1.25]). 
No significant differences were 
detected in neurodevelopmental 
impairment, cerebral palsy, or 
blindness.

The next RCT published was 
BOOST-II, from the United Kingdom, 
Australia, and New Zealand. 45 Oxygen 
saturation targeting began in the first 

TABLE 1  RCTs of Differing Pulse Oximetry Targets

Study Primary Outcome Primary Outcome Results Other Findings

STOP-ROP 39 Rate of progression to threshold ROP (89%–94% 
vs 96%–99%)

No signifi cant differences • Higher saturation range exhibited 
worsening of chronic lung disease 
and longer duration of hospitalizationN = 649

BOOST 40 Growth and developmental outcomes (91%–94% 
vs 95%–98%)

No signifi cant differences • Higher saturation range required 
oxygen for a longer period of time, 
dependence on oxygen at 36 wk 
postmenstrual age, and need for 
home oxygen

N = 358

SUPPORT 43,  44 Death, severe ROP, or both (85%–89% vs 
91%–95%)

No signifi cant differences • Severe ROP signifi cantly more common 
in the higher SaO2 range

N = 1316 • Increased mortality in the lower SaO2
range at 18–22 mo of corrected age

• No signifi cant difference in the 
composite outcome of death or 
neurodevelopmental impairment at 
18–22 mo

BOOST II 45  – 48 Death or neurodevelopmental impairment 
at 18–22 mo of corrected for prematurity 
(85%–89% vs 91%–95%)

No signifi cant differences in a pooled 
analysis of all 3 trials 47

• Change in oximeter algorithm during 
the study

No signifi cant difference in individual trial 
analyses 46,  48

• Study stopped before complete 
enrollment

N = 2448 In a post hoc analysis combining 2 of the 3 
trials, the primary outcome occurred in 
492 (48.1%) of 1022 in the lower target 
group versus 437 (43.1%) of 1013 in the 
higher target group (RR, 1.11 [95% CI, 
1.01–1.23]; P = .023) 46

• Severe ROP signifi cantly more common 
in the higher SaO2 range

• Signifi cantly increased necrotizing 
enterocolitis at the lower saturation 
range

• Signifi cantly increased mortality at 
hospital discharge in the lower SaO2
range with the revised oximeter 
algorithm

COT 49 Death before a corrected age of 18 mo or 
survival with ≥1 of the following: gross 
motor disability, cognitive or language delay, 
severe hearing loss, and bilateral blindness 
(85%–89% vs 91%–95%)

No signifi cant differences • Change in oximeter algorithm during 
the study

• No difference in mortality
• Targeting the lower saturation range 

reduced the postmenstrual age at last 
use of oxygen therapyN = 1201

COT, Canadian Oxygen Trial; BOOST, Benefi ts of Oxygen Saturation Targeting; STOP, Supplemental Therapeutic Oxygen for Prethreshold Retinopathy of Prematurity; SUPPORT, Surfactant 
Positive Airway Pressure and Pulse Oximetry Trial.
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24 hours of life but not as early as 
in the SUPPORT study. During these 
trials, investigators in the United 
Kingdom found that the standard 
oximeters (Masimo Corporation, 
Irvine, California) returned an 
unexpectedly low number of oxygen 
saturation values between 87% and 
90%. They discovered that there was 
a shift-up in the oximeter calibration 
curve that caused values between 
87% and 90% to read 1% to 2% 
higher. A new software algorithm 
was expected to improve oxygen 
saturation targeting, although that 
was not tested. The United Kingdom 
and Australian investigators began 
using oximeters with the new 
software approximately halfway 
through the trial. However, the 
New Zealand trial oximeters were 
not modified, because enrollment 
had already been completed. Of 
2448 infants enrolled in BOOST-II, 
1187 (48.5%) were monitored with 
oximeters incorporating the new 
software.

Because of the increased mortality in 
the lower oxygen saturation range in 
SUPPORT, the BOOST-II Data Safety 
and Monitoring Board conducted a 
safety analysis in December 2010. 50 
In the 1187 infants monitored with 
the revised algorithm, those assigned 
to the lower target range had a 
significantly increased mortality 
rate at 36 weeks’ gestational age 
(23.1% vs 15.9%; RR, 1.45 [95% CI, 
1.15–1.84]). However, among the 
entire study population (N = 2448),
there was no significant difference. 
The rate of ROP requiring treatment 
was reduced in the lower saturation 
group (10.6% vs 13.5%; RR, 0.79 
[95% CI, 0.63–1.00]), and the rate of 
necrotizing enterocolitis requiring 
surgery or causing death was 
increased in that group (10.4% vs 
8.0%; RR, 1.32 [95% CI, 1.02–1.68]). 
The rate of bronchopulmonary 
dysplasia was unaffected. Although 
a recent report combining outcomes 
for 2 of the 3 BOOST-II sites found 
a significant difference in the 

composite outcome of death or 
disability by 2 years of age in a post 
hoc analysis,  46 a pooled analysis from 
all 3 BOOST-II sites, as originally 
planned, showed no significant 
difference in this outcome between 
the 2 arms (46.8% in the lower vs 
43.4% in the higher saturation group; 
P = .10). 47

Two-year outcomes for the COT were 
published. 49 The primary outcome 
measure for this study was the rate 
of death (before 18 months of age) or 
survival with 1 or more disabilities 
(gross motor disability, severe 
hearing loss, bilateral blindness, and 
cognitive or language delay). Infants 
were randomly assigned to the lower 
saturation group or higher saturation 
group in the first 24 hours of life. 
Similar to BOOST-II, the calibration 
software for the oximeter was 
changed at the midpoint in the study. 
The number of infants enrolled was 
1201, of whom 538 were monitored 
with oximeters using the new 
software. There was no difference 
in the primary composite outcome 
(51.6% in the lower vs 49.7% in the 
higher saturation range). Mortality 
was 16.6% in the 85% to 89% group 
and 15.3% in the 91% to 95% group. 
Infants in the lower saturation 
group had a shorter duration of 
supplemental oxygen but no changes 
in any other outcomes. Use of the 
revised oximeter software had no 
effect on the primary outcome or 
mortality.

Saugstad and Aune 51 published a 
systematic review of the 5 oxygen 
saturation trials. In total, 4911 
infants were enrolled in the studies. 
At the time of this meta-analysis 
(in 2014), the composite outcome 
of death or severe neurosensory 
disability at 18 to 24 months 
of age was only available for 
SUPPORT and COT, and there was 
no difference in that composite 
outcome between groups. The 
RR of mortality using the original 
software in the BOOST-II and COT 
trials was 1.04 (95% CI, 0.88–1.22). 

With the revised software (COT 
and BOOST-II United Kingdom 
and Australia), the RR of mortality 
in the lower saturation arm was 
1.41 (95% CI, 1.14–1.74). For 
all 5 trials (SUPPORT; BOOST-II 
United Kingdom, Australia, and 
New Zealand; and COT), the risk 
of mortality was increased (RR, 
1.18 [95% CI, 1.04–1.34]). Severe 
ROP was significantly reduced 
in the low saturation group (RR, 
0.74 [95% CI, 0.59–0.92]), and the 
risk of necrotizing enterocolitis 
was increased (RR, 1.25 [95% 
CI, 1.05–1.49]). The rates of 
bronchopulmonary dysplasia, 
patent ductus arteriosus, and 
intraventricular hemorrhage grades 
2 through 4 were not significantly 
different.

A more recent systematic review 52 
of the 5 oxygen saturation trials 
concluded that although infants 
randomly assigned to the more 
liberal oxygen target ranges had 
higher survival rates (relative 
effect, 1.18 [95% CI, 1.03–1.36]) to 
discharge, the quality of evidence 
(assessed by using the Grading of 
Recommendations Assessment, 
Development and Evaluation 
approach 53) for this estimate of 
effect was low for 1 or more of the 
following reasons: (1) the pulse 
oximeter algorithm was modified 
partway into the study); (2) the 
distribution of Spo2 values did
not achieve the planned degree of 
separation (the median SpO2 in the
85% to 89% groups was >90%); (3) 
the BOOST-II trials were stopped 
prematurely on the basis of this 
outcome; and (4) the COT trial 
did not report on this outcome 
explicitly. In addition, although the 
investigators noted that necrotizing 
enterocolitis occurred less 
frequently in the higher saturation 
arms, there were no significant 
differences in bronchopulmonary 
dysplasia, ROP, hearing loss, or 
death or disability at 24 months of 
age. 52



149OXYGEN TARGETING IN EXTREMELY LOW BIRTH WEIGHT INFANTS

The mechanism(s) by which 
maintaining lower oxygen saturation 
levels might increase the risk of death 
is unclear, as the data from these 
trials suggest that tissue hypoxia 
was unlikely to be a factor. 23 In 
particular, in the SUPPORT trial, the 
proportion of infants with median 
oxygen saturations <85% was no 
different between the low and high 
saturation groups. 43 Conversely, a 
post hoc analysis from the SUPPORT 
trial found a disproportionally 
higher mortality rate in small-for-
gestational-age infants in the lower 
oxygen saturation target group, 
suggesting a possible interaction 54; if 
this observation can be confirmed in 
the other oxygen saturation trials, and 
more importantly in the individual 
patient analysis, it would suggest that 
small-for-gestational-age infants may 
be more vulnerable to lower oxygen 
saturations.

In the 5 RCTs discussed in this report, 
the degree to which individual 
infants may have been harmed or 
benefited by the oxygen saturation 
targets to which they were assigned 
is not clear. 55 Specifically, it would be 
helpful to know whether an individual 
infant’s outcome correlated with the 
amount of time he or she spent within, 
above, or below the target oxygen 
saturation range. This information is 
particularly relevant to ROP because 
avoiding hypoxemic episodes may be 
as important as avoiding hyperoxemic 
episodes. 56  –59 The preplanned 
individual patient meta-analysis of 
these trials (NeOProM) may shed 
some light on these critical questions.

CONCLUSIONS

Establishing a target range for oxygen 
saturation in infants of extremely 
low birth weight has both clinical 
and practical considerations, and the 
ideal target range remains an elusive 

goal. Nevertheless, data from several 
well-designed RCTs can inform 
practice. Pending additional data, 
including the individual patient meta-
analysis (NeOProM), the following 
can be concluded:

1. The ideal physiologic target
range for oxygen saturation for
infants of extremely low birth
weight is likely patient-specific
and dynamic and depends
on various factors, including
gestational age, chronologic
age, underlying disease, and
transfusion status.

2. The ideal physiologic target
range is a compromise among
negative outcomes associated
with either hyperoxemia (eg, ROP,
bronchopulmonary dysplasia)
or hypoxemia (eg, necrotizing
enterocolitis, cerebral palsy,
death). Recent RCTs suggest that a
targeted oxygen saturation range
of 90% to 95% may be safer than
85% to 89%, at least for some
infants. However, the ideal oxygen
saturation range for extremely
low birth weight infants remains
unknown.

3. Alarm limits are used to avoid
potentially harmful extremes
of hyperoxemia or hypoxemia.
Given the limitations of pulse
oximetry and the uncertainty
that remains regarding the ideal
oxygen saturation target range
for infants of extremely low birth
weight, these alarm limits could
be fairly wide. Regardless of the
chosen target, an upper alarm
limit approximately 95% while the
infant remains on supplemental
oxygen is reasonable. A lower
alarm limit will generally need
to extend somewhat below the
lower target, as it must take into
account practical and clinical
considerations, as well as the

steepness of the oxygen saturation 
curve at lower saturations.
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Cummings JJ, Polin RA, COMMITTEE ON FETUS AND NEWBORN. Oxygen Targeting
in Extremely Low Birth Weight Infants. Pediatrics. 2016;138(2):e20161576

Errors occurred in the article by Cummings et al, titled “Oxygen Targeting in
Extremely Low Birth Weight Infants” published in the August 2016 issue of Pe-
diatrics (2016;138(2):e20161576; doi:10.1542/peds.2016-1576).

On page e6, under the section heading Randomized Clinical Trials of Oxygen
Targeting, in paragraph 8, on lines 30-32, this reads: “a pooled analysis from all 3
BOOST-II sites, as originally planned, showed no significant difference in this
outcome.” This should have read: “a pooled analysis from all 3 BOOST-II sites
showed no significant difference in this outcome.”

On page e9, under References, reference # 47 reads: “Cummings JJ, Lakshmin-
rusimha S, Polin RA. The BOOST trials and the pitfalls of post hoc analyses. N Engl
J Med 2016, in press.” This has been updated and should now read: “Cummings
JJ, Lakshminrusimha S, Polin RA. Oxygen saturation targets in preterm infants
[Letter to the Editor]. Reply: Tarnow-Mordi WO, Stenson B, Kirby A. N Engl J Med
2016;375(2):186-188.”

doi:10.1542/peds.2016-2904
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Policy Statement—Postnatal Corticosteroids to
Prevent or Treat Bronchopulmonary Dysplasia

abstract
The purpose of this revised statement is to review current information
on the use of postnatal glucocorticoids to prevent or treat bronchopul-
monary dysplasia in the preterm infant and to make updated recom-
mendations regarding their use. High-dose dexamethasone (0.5 mg/kg
per day) does not seem to confer additional therapeutic benefit over
lower doses and is not recommended. Evidence is insufficient to make
a recommendation regarding other glucocorticoid doses and prepara-
tions. The clinician must use clinical judgment when attempting to
balance the potential adverse effects of glucocorticoid treatment with
those of bronchopulmonary dysplasia. Pediatrics 2010;126:800–808

INTRODUCTION
Chronic lung disease (CLD) after preterm birth, also known as bron-
chopulmonary dysplasia (BPD), a major morbidity of the very preterm
infant, is remarkably resistant to therapeutic interventions and nega-
tively affects neurodevelopmental outcomes.1–4 In 2002, the American
Academy of Pediatrics (AAP), in a policy statement regarding the use of
postnatal corticosteroids for prevention or treatment of CLD in pre-
term infants, concluded that routine dexamethasone therapy for the
prevention or treatment of CLD could not be recommended.5 Instead,
the AAP recommended that (1) use of dexamethasone for the preven-
tion or treatment of CLD be limited to randomized, controlled trials
(RCTs) with long-term follow-up, (2) alternative corticosteroids un-
dergo further study, and (3) infants currently enrolled in RCTs of cor-
ticosteroids receive long-term neurodevelopmental follow-up. The
statement added that outside the context of such trials, “the use of
corticosteroids should be limited to exceptional clinical circumstances
(eg, an infant on maximal ventilatory and oxygen support). In those
circumstances, parents should be fully informed about the known
short- and long-term risks and agree to treatment.”5

Postnatal use of dexamethasone for BPD has decreased since the pub-
lication of the AAP statement; however, the incidence of BPD has not
decreased.6 Instead, several reports have suggested that the incidence
or severity of BPD may have increased.4,7,8 Moreover, results of addi-
tional clinical trials, meta-analyses, and follow-up studies have been
published, warranting a review of the new information and revision of
the statement. The objectives of this revised statement are to review
data published since the 2002 AAP statement and to reexamine previ-
ous recommendations for the use of glucocorticoid therapy in view of
new information.

COMMITTEE ON FETUS AND NEWBORN

KEY WORDS
bronchopulmonary dysplasia, preterm infant, glucocorticoid,
dexamethasone, chronic lung disease

ABBREVIATIONS
CLD—chronic lung disease
BPD—bronchopulmonary dysplasia
AAP—American Academy of Pediatrics
RCT—randomized, controlled trial
CP—cerebral palsy
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LITERATURE REVIEW

Dexamethasone

Reviews andmeta-analyses cited in the
previous AAP statement indicated that
dexamethasone may decrease mortal-
ity rates, facilitate extubation, and gen-
erally decrease the incidence of BPD
but that it carries a significant risk for
short- and long-term adverse effects,
especially impairment of growth and
neurodevelopment.5,9–12 In recently up-
dated systematic reviews, the Co-
chrane Collaboration continues to
conclude that the benefits of dexa-
methasone therapy in the first week of
life may not outweigh its many adverse
effects.13 In contrast, it concludes that
treatment after the first postnatal
week may reduce mortality rates with-
out increasing adverse long-term neu-
rodevelopmental outcomes, although
long-term follow-up data remain limit-
ed.14 Therefore, it has been suggested
that “it appears prudent to reserve the

use of late corticosteroids to infants
who cannot be weaned from mechani-
cal ventilation and to minimize the
dose and duration of any course of
treatment.”14

Two other systematic reviews have
added different perspectives on dexa-
methasone and BPD. In the first review,
a risk-weighted meta-analysis, the au-
thors emphasized the importance of
the a priori risk of death or BPD in dif-
ferent study populations.15 In this anal-
ysis, the incidence of death or cerebral
palsy (CP) was increased among
dexamethasone-treated infants com-
pared with placebo-treated infants in
studies that enrolled patients at low
risk (�35%) of BPD. In contrast, dexa-
methasone treatment decreased the
risk of death or CPwhen infants at high
risk of BPD (�65%) were studied.15

Thus, for infants at the highest risk of
BPD, the beneficial effect of dexameth-
asone in reducing lung disease

seemed to outweigh its adverse effect
of increasing the risk of CP. In the sec-
ond meta-analysis, the authors com-
pared outcomes for trials with
different cumulative doses of dexa-
methasone and concluded that a
higher cumulative dose improved
rates of survival without BPD and did
not increase adverse long-term ef-
fects.16 However, 3 small individual
RCTs that directly compared high ver-
sus low dexamethasone doses, vari-
ably defined, have revealed no differ-
ences in efficacy (Table 1).17–19 These
studies have generally been small and
heterogeneous, which makes them dif-
ficult to compare.

The results of 3 RCTs that compared
dexamethasone to placebo have been
published since the previous AAP
statement (Table 1); 1 was small and
the other 2 were stopped early and
are, therefore, underpowered.20–22 One
trial compared an early, short course

TABLE 1 RCTs of Dexamethasone to Prevent or Treat BPD Reported Since 2001

Study, No. of
Centers

n Eligibility Criteria (All on
Mechanical Ventilation)

Dexamethasone Dosing Regimen Outcome

McEvoy et al,17

1 center
62 500–1500 g BW;�32 wk gestation;

7–21 postnatal days
5 mg/kg per d tapered over 7 d vs
0.2 mg/kg tapered over 7 d

Rate of survival without BPDa

76% vs 73% (NS); no benefit to
higher dose

Odd et al,18

1 center
33 �1250 g BW; 1–3 wk of age 0.5 mg/kg per d tapered over 42 d

vs “individualized” (same dose,
shorter course)

Rate of survival without BPD: 24%
vs 30% (NS); no difference in
18-mo outcomes

Malloy et al,19

1 center
16b �1501 g BW;�34 wk gestation;

�28 postnatal days
0.5 mg/kg per d tapered over 7 d
vs 0.08 mg/kg per d for 7 d

Rate of survival without BPD: 11%
vs 38% (NS); higher dose had
more adverse effects, no
apparent benefit

Walther et al,20

1 center
36 �600 g BW; 24–32 wk gestation;

7–14 d postnatal age
0.2 mg/kg per d tapered over 14 d
vs placebo

Rate of survival without BPD: 65%
vs 47% (NS); extubation: 76%
vs 42% (P� .05)

Anttila et al,21

6 centers
109b 500–999 g BW;�31 wk gestation;

eligible at 4 h of age
0.25 mg/kg every 12 h� 4 doses
vs placebo

Rate of survival without BPD: 58%
vs 52% (NS)

Doyle et al,22

11 centers
70b �1000 g BW;�28 wk gestation;

�1 wk postnatal age
0.15 mg/kg per d tapered over 10
d vs placebo

Rate of survival without BPD: 14%
vs 9% (NS); extubation: 60% vs
12% (odds ratio: 11.2 [95%
confidence interval: 3.2–39.0])

Rozycki et al,23

1 center
61 650–2000 g BW;� 14 d postnatal

age
0.5 mg/kg per d tapered over 42 d
vs inhaled beclomethasone at 3
different doses for 7 d followed
by above-listed dexamethasone
course, if still mechanically
ventilated

Rate of survival without BPD: 53%
vs 46% (NS); extubation by 7 d:
7 of 15 vs 6 of 46 (P� .01)

BW indicates birth weight; NS, not significant.
a BPD defined as receiving supplemental oxygen at 36 weeks postmenstrual age. 
b Patient enrollment terminated early.
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of dexamethasone to placebo and re-
vealed no significant difference inmor-
tality or BPD rates.21 The other 2 trials
evaluated the efficacy of a later, lower-
dose course of dexamethasone for fa-
cilitating extubation, and the authors
reported that significantly more
dexamethasone-treated infants were
successfully extubated during the
treatment period.20,22 Similar results
were reported from an additional
study that compared systemic dexa-
methasone to inhaled beclomethasone
for extubation: significantly more
dexamethasone-treated infants were
successfully extubated within 7 days
(Table 1).23 These extubation trials

were not powered to evaluate the ef-
fect of the treatment on rates of sur-
vival without BPD.

Many short-term adverse effects of
dexamethasone therapy have been de-
scribed; however, the main reason for
the decline in its use is an adverse ef-
fect on neurodevelopment, particu-
larly higher rates of CP. Since publica-
tion of the previous AAP statement,
additional follow-up data on the ad-
verse effects of dexamethasone have
become available from RCTs (Table
2).17,24–32 The heterogeneity of these re-
portsmakes it problematic to combine
them meaningfully. Some studies re-

vealed no adverse effects on neurode-
velopmental outcomes at various
ages, whereas others did. Most of the
studies were small, which reduced
their ability to either prove or disprove
causation. Two RCTs that used low
doses of dexamethasone revealed no
significant increase in CP or other neu-
rodevelopmental impairments when
compared with placebo. Because only
a total of 96 dexamethasone-treated
infants were evaluated in these stud-
ies, the results must be interpreted
with caution.25,26

Cohort studies of dexamethasone have
revealed an association of its use with

TABLE 2 Neurodevelopmental Follow-up of Dexamethasone RCTs Reported After 2001

Study, Planned Age at
Follow-up

Follow-up, %
(No. of Infants Seen)

Treatment
Start Time

Dexamethasone Dosing Regimen Primary Neurodevelopmental Findings

McEvoy et al,17 1 y 66 (39) At 7–21 d High vs low dose: 7-d taper from
0.5 mg/kg per d vs 0.2 mg/kg
per d

MDI� 70: 24% (high) vs 17% (low) (NS);
CP: 10% vs 11% (NS)

Armstrong et al,24 18 mo 96 (64) On day 7 42-d taper vs 3-d pulse No difference in 18-mo outcomes
chronological age No disability: 34% vs 31% (NS)
Doyle et al,25 2 y corrected
age

98 (58) After 7 d 0.15 mg/kg per d tapered over
10 d

Death or major disability: 46% vs 43%
(NS); death or CP: 23% vs 37% (NS);
CP: 14% vs 22% (NS); major disability
41% vs 31% (NS)

Stark et al,26 18–22 mo
corrected age

74 (123) On day 1 0.15 mg/kg per d tapered over
7 d

MDI� 70: 51% vs 43% (NS); PDI� 70:
30% vs 35% (NS); abnormal
neurologic exam: 25% each group

Romagnoli et al,27 3 y 100 (30) On day 4 0.5 mg/kg per d tapered over
1 wk

No differences in any parameter; CP: 9%
vs 14% (NS)

Wilson et al,28 7 y 84 (127) Before 3 d 4 groups: 0.5 mg/kg per d
tapered over 12 d vs late
(15 d) selective, vs inhaled
early or late selective

No difference in cognitive, behavioral,
CP, or combined outcomes

Yeh et al,29 school age
(mean: 8 y)

92 (146) On day 1 0.5 mg/kg per d for 1 wk, then
tapered for a total of 28 d

Treated children were shorter (P� .03),
had smaller head circumference (P�
.04), lower IQ scores (P� .008), and
more significant disabilities (CP, IQ�
5th percentile, vision or hearing
impairment): 39% vs 22% (P� .04)

O’Shea et al,30 4–11 y 89 (84) On day 15–25 0.5 mg/kg per d tapered over
42 d vs placebo

Death or major NDIa: 47% vs 41% (NS);
major NDI alone: 36% vs 14% (P�
.01)

Gross et al,31 15 y 100 (22) On day 14 0.5 mg/kg per d tapered over
42 d vs 18-d taper vs placebo

Intact survival (IQ� 70, normal
neurologic exam, regular classroom):
69% vs 25% (18-d course) vs 18%
(placebo) (P� .05)

Jones and the Collaborative
Dexamethasone Trial
Follow-up Group,32

13–17 y

95 (150) At 2–12 wk 0.5 mg/kg per d for 7 d No difference in moderate/severe
disability (defined as IQ� 2 SDs�
mean, CP, hearing or vision loss); CP:
24% vs 15% (relative risk: 1.58 [95%
confidence interval: 0.81–3.07])

MDI indicates Bayley Mental Developmental Index; NS, not significant. PDI, Bayley Psychomotor Development Index; NDI, neurodevelopmental impairment.
a Major neurodevelopmental impairment included CP and/or an IQ score of�70.
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impaired neurodevelopmental out-
comes3,4,33; however, such an associa-
tion cannot be construed as definitive
evidence of harm. A clinician’s deci-
sion to use a therapy incorporates nu-
merous undocumented factors and
varies from one clinician to the next,
which may seriously confound the in-
terpretation of such studies. Patients
who receive dexamethasone for BPD
are likely to be perceived as having
more severe respiratory disease than
infants who are not treated; such in-
fants may have worse overall out-
comes regardless of dexamethasone
therapy. Authors of small series have
also reported that infants treated with
dexamethasone have more abnormal-
ities on MRI than those not treated;
again, causation cannot be attributed
in the absence of an RCT.34,35 Two pre-
viously reported RCTs revealed more
cranial ultrasound abnormalities in
dexamethasone-treated infants com-
pared with those treated with placebo,
but the patient numbers were quite
small.36,37

In summary, high daily doses of dexa-
methasone have been linked fre-
quently to adverse neurodevelopmen-
tal outcomes, and this therapy is
discouraged. Because an increase in
adverse neurodevelopmental out-
comes in treatment studies that used
low doses of dexamethasone has not

been reported, further studies of low-
dose dexamethasone to facilitate extu-
bation are warranted.

Hydrocortisone

Results of 4 RCTs designed to evaluate
the ability of early hydrocortisone
therapy to improve rates of survival
without BPD have been published (Ta-
ble 3).38–41 These studies were based
on the premise that extremely preterm
infants may have immature adrenal
gland function, predisposing them to a
relative adrenal insufficiency and inad-
equate anti-inflammatory capability
during the first several weeks of
life.42–46 In contrast to the heteroge-
neous nature of previous dexametha-
sone trials, these studies were similar
in design, time of initiation, duration,
and dose. The direction of effect fa-
vored the hydrocortisone-treated in-
fants in all 4 studies, and a significant
increase in rate of survival without
BPD in the hydrocortisone-treated in-
fants was reported for 2 of the studies.
The largest trial (n � 360) did not re-
veal a significant benefit of hydrocorti-
sone treatment in the overall study
group; however, for infants exposed to
prenatal inflammation (n� 149), iden-
tified before the trial as a specific
group for analysis, hydrocortisone
treatment resulted in a significant de-
crease in mortality rate and an in-

crease in rate of survival without
BPD.39

Patient enrollment was halted early in
3 of these 4 studies because of a signif-
icant increase in spontaneous gastro-
intestinal perforation discovered in
the largest trial,39 a complication also
observed with early dexametha-
sone.47,48 The perforationsmay have re-
sulted from an interaction between
high endogenous cortisol concentra-
tions and indomethacin therapy in the
first 48 hours; however, because ad-
ministration of indomethacin was not
randomized, this hypothesis remains
to be tested.

Neurodevelopmental outcomes at 18
to 22 months’ corrected age have been
published for 3 of these trials, and no
adverse effects of hydrocortisone
treatment were found.49,50 In the larg-
est multicenter trial, the incidence of
death or major neurodevelopmental
impairment (52% [hydrocortisone-
treated] vs 56% [placebo]), major neu-
rodevelopmental impairment alone
(39% vs 44%), and CP (16% vs 18%)
were similar.49 The only significant
findings favored the hydrocortisone-
treated group and included a de-
creased incidence of a Bayley Scales of
Infant Development (2nd ed) Mental
Developmental Index (MDI) 2 SDs be-
low the mean (MDI � 70, 27% vs 37%;

TABLE 3 RCTs of Early Hydrocortisone to Prevent BPD

Study, No. of Centers n Population:
Mechanically
Ventilated Infants

Hydrocortisone Dosing Regimen Rate of Survival Without
BPDa HC vs Placebo, %

Watterberg et al,38 40 500–999 g BW;�48 h 0.5 mg/kg every 12 h for 9 d 60 vs 35 (P� .04)
2 centers postnatal age 0.25 mg/kg every 12 h for 3 d

Watterberg et al,39 360b 500–999 g BW;�48 h 0.5 mg/kg every 12 h for 12 d 35 vs 34 (aORc: 1.20 [95%
9 centers postnatal age 0.25 mg/kg every 12 h for 3 d CI: 0.72–1.99])
Peltoniemi et al,40

3 centers
51b 501–1250 g BW;�36

h postnatal age
2.0 mg/kg per d tapered to 0.75 mg/kg
per d over 10 d

64 vs 46 (OR: 1.48 [95% CI:
0.49–4.48])

Bonsante et al,41

2 centers
50b 500–1249 g BW;�48

h postnatal age
0.5 mg/kg every 12 h for 9 d; 0.25 mg/kg
every 12 h for 3 d

64 vs 32 (P� .05)

Total 601 — — —

BW indicates birth weight; aOR, adjusted odds ratio; OR, odds ratio; CI, confidence interval.
a BPD was defined as receiving supplemental oxygen at 36 weeks’ postmenstrual age.
b Study enrollment was terminated early because of concern for spontaneous gastrointestinal perforation.
c Adjusted for center, birth weight, risk factors (gender, “outborn” [infants who were born at an outlying institution and transported into the study center], white race, vaginal delivery, no
prenatal steroids, hydrocortisone, and/or vasopressor support at study entry).
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odds ratio: 0.47 [95% confidence inter-
val: 0.25–0.87]) and a higher incidence
of awareness of object permanence
(an early test of working memory and
prefrontal executive function) (89% vs
79%; odds ratio: 2.19 [95% confidence
interval: 1.06–4.52]).

Two other RCTs have evaluated admin-
istration of hydrocortisone to preterm
infants during the first week of life with
the objective of reducing respiratory
morbidity. The first, published in 1974,
had the objective of decreasing the se-
verity of respiratory distress syn-
drome.51 The investigators used a
much higher dose (25 mg/kg per day
on the first day of postnatal life), which
showed no effect on respiratory dis-
tress syndrome. The second, pub-
lished in 2003, was based on the hy-
pothesis that extremely preterm
infants have immature sodium chan-
nels and, therefore, cannot clear their
lung liquid after birth.52 Tri-
iodothyronine (T3) was given together
with hydrocortisone to stimulate mat-
uration of the sodium channels. The
medications were started within 5
hours of birth and given as a constant
infusion for 7 days. The investigators
enrolled 253 infants and found no dif-
ference in their primary outcome vari-
ables of death or ventilator depen-
dence at 7 days and at 14 days. At 36
weeks’ postmenstrual age, 47% of the
treated survivors and 51% of the pla-
cebo group remained on oxygen.

Reports of hydrocortisone therapy
given to facilitate extubation have been
limited to cohort studies. In the first
reported study, 25 infants treated with
hydrocortisone at 1 hospital (5 mg/kg
per day, tapered over 3 weeks) were
compared with 25 untreated infants at
the same hospital and additionally
with a cohort of 23 infants treated with
dexamethasone (0.5 mg/kg per day, ta-
pered over 3 weeks) at a separate hos-
pital.53 The investigators found that
hydrocortisone was as effective as

dexamethasone in weaning infants
from the ventilator and in decreasing
supplemental oxygen therapy, with
fewer short-term adverse effects.
Follow-up of these children at school
age revealed no differences in neuro-
developmental outcomes between
hydrocortisone-treated infants and
their comparison group, whereas
dexamethasone-treated infants more
often had an abnormal neurologic ex-
amination and less favorable school
performance than their comparison
cohort.53,54 Subsequently, several
large cohort studies from the same
institution reported that, although
hydrocortisone-treated children were
younger, smaller, and sicker than their
untreated comparison groups, there
were no adverse effects of hydrocorti-
sone treatment on IQ, visual motor in-
tegration, memory testing, CP, or find-
ings on MRI.55–57 Investigators from
this institution have also reported that
neonatal dexamethasone but not hy-
drocortisone therapy resulted in long-
lasting changes in hypothalamic-
pituitary-adrenal axis and T-cell
function.58

Other Glucocorticoids (Systemic or
Inhaled)

Since the previous AAP statement, no
RCTs of other systemic glucocorti-
coids, such as prednisone or methyl-
prednisolone, to treat or prevent BPD
have been published. No additional ev-
idence has been published to support
the efficacy of inhaled glucocorticoids
to prevent or decrease the severity of
BPD.59,60

DISCUSSION: DIFFERENCES
BETWEEN DEXAMETHASONE AND
HYDROCORTISONE

As described previously, many RCTs
have shown adverse neurodevelop-
mental outcomes after postnatal dexa-
methasone treatment for BPD, but nei-
ther multicenter RCTs nor cohort
studies have revealed adverse effects

on functional or structural neurologic
outcomes after neonatal hydrocorti-
sone therapy. One possible explana-
tion for the observed differences
between dexamethasone and hydro-
cortisone is the difference in effective
glucocorticoid dose. Neonatal animal
studies have consistently revealed ad-
verse effects on brain growth after
high doses of glucocorticoid,61,62 and
results of evaluation of 22 patients
who received high-dose hydrocorti-
sone in a study from the early 1970s
were suggestive of harm.63,64 High-dose
dexamethasone (0.5 mg/kg per day) is
equivalent to at least 15 to 20 mg/kg
per day of hydrocortisone,65 far higher
than the doses of hydrocortisone given
in the recent studies described previ-
ously. Low-dose dexamethasone (0.1–
0.15 mg/kg per day) may be equivalent
to 3 to 6 mg/kg per day of hydrocorti-
sone; however, because of its much
longer biological half-life, it could have
a much higher relative potency.66 Low-
ering the dose of dexamethasone may,
therefore, decrease its adverse ef-
fects, as is suggested by the 2 studies
of outcome after lower-dose dexa-
methasone therapy.25,26

Second, the observed differences in
neurodevelopmental outcomes may
result from the different effects of
these agents on the hippocampus, an
area of the brain critical to learning,
memory, and spatial processing.67,68

The hippocampus contains a high den-
sity of both mineralocorticoid and glu-
cocorticoid receptors.69,70 Hydrocorti-
sone, which is identical to native
cortisol, can bind to both classes of re-
ceptors. In contrast, dexamethasone
binds only to glucocorticoid receptors,
which, in animal models, has been
shown to result in degeneration and
necrosis of hippocampal neurons.71,72

This effect of dexamethasone is
blocked by simultaneous administra-
tion of corticosterone (the cortisol
equivalent in the rat).71 In humans,
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neonatal treatment with dexametha-
sone, but not hydrocortisone, has been
shown to alter hippocampal synaptic
plasticity and associative memory for-
mation in later life.73 Dexamethasone
exposure has also been linked to de-
creased hippocampal volume in 1 co-
hort study,74 but cohort studies of in-
fants treated with hydrocortisone
have revealed no decrease in hip-
pocampal volume,55 no adverse effect
on hippocampal metabolism, and no
adverse effect on memory at school
age57 when compared with a larger,
more mature group of nontreated
infants.

Whatever the underlying explana-
tion(s) for the observed differences in
short- and long-term outcomes may
be, further RCTs are needed to answer
the many remaining questions, includ-
ing whether lower doses of dexameth-
asone can avoid previously observed
adverse effects, whether hydrocorti-
sone is efficacious for extubation,
whether specific groups of infants
may derive particular benefit
from hydrocortisone therapy, and
whether the incidence of spontane-
ous gastrointestinal perforation dur-
ing early glucocorticoid administra-
tion can be decreased by avoiding
concomitant indomethacin or ibu-
profen therapy and/or by monitoring
cortisol concentrations.

SUMMARY AND
RECOMMENDATIONS

● BPD remains a major morbidity of
the extremely preterm infant and is
consistently associated with ad-
verse effects on long-term out-
comes, including neurodevelop-
ment. Additional RCTs of postnatal
glucocorticoids are warranted to
optimize therapy and improve out-
comes for these infants. Those who
design such trials in the future
should attempt to minimize the use
of open-label glucocorticoid, which

has confounded analysis of most
previous trials, and should include
assessment of long-term pulmo-
nary and neurodevelopmental
outcomes.

● High daily doses of dexamethasone
(approximately 0.5 mg/kg per day)
have been shown to reduce the inci-
dence of BPD but have been associ-
ated with numerous short- and
long-term adverse outcomes, in-
cluding neurodevelopmental im-
pairment, and at present there is no
basis for postulating that high daily
doses confer additional therapeutic
benefit over lower-dose therapy.
Recommendation: in the absence
of randomized trial results show-
ing improved short- and long-
term outcomes, therapy with
high-dose dexamethasone can-
not be recommended.

● Low-dose dexamethasone therapy
(�0.2 mg/kg per day) may facilitate
extubation andmay decrease the in-
cidence of short- and long-term ad-
verse effects observed with higher
doses of dexamethasone. Additional
RCTs sufficiently powered to evalu-
ate the effects of low-dose dexa-
methasone therapy on rates of
survival without BPD, as well as on
other short- and long-term out-
comes, are warranted. Recom-
mendation: there is insufficient
evidence to make a recommen-
dation regarding treatment
with low-dose dexamethasone.

● Low-dose hydrocortisone therapy (1
mg/kg per day) given for the first 2
weeks of life may increase rates of
survival without BPD, particularly
for infants delivered in a setting of
prenatal inflammation, without ad-
versely affecting neurodevelopmen-
tal outcomes. Clinicians should be
aware of a possible increased risk
of isolated intestinal perforation as-
sociated with early concomitant
treatment with inhibitors of prosta-

glandin synthesis. Further RCTs
powered to detect effects on neuro-
developmental outcomes, aimed at
targeting patients who may derive
most benefit and developing treat-
ment strategies to reduce the
incidence of isolated intestinal
perforation, are warranted. Rec-
ommendation: early hydrocorti-
sone treatmentmay be beneficial
in a specific population of pa-
tients; however, there is insuffi-
cient evidence to recommend its
use for all infants at risk of BPD.

● Higher doses of hydrocortisone
(3–6mg/kg per day) instituted after
the first week of postnatal age have
not been shown to improve rates of
survival without BPD in any RCT.
RCTs powered to assess the effect of
this therapy on short- and long-term
outcomes are needed. Recommen-
dation: existing data are insuffi-
cient to make a recommendation
regarding treatment with high-
dose hydrocortisone.

IMPLICATIONS FOR PRACTICE

Because available data are conflicting
and inconclusive, clinicians must use
their own clinical judgment to balance
the adverse effects of BPD with the po-
tential adverse effects of treatments
for each individual patient. Very low
birth weight infants who remain on
mechanical ventilation after 1 to 2
weeks of age are at very high risk of
developing BPD.14 When considering
corticosteroid therapy for such an in-
fant, cliniciansmight conclude that the
risks of a short course of glucocorti-
coid therapy to mitigate BPD is war-
ranted.15 This individualized decision
should be made in conjunction with
the infant’s parents.
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POLICY STATEMENT

Respiratory Support in Preterm Infants at Birth

abstract
Current practice guidelines recommend administration of surfactant
at or soon after birth in preterm infants with respiratory distress syn-
drome. However, recent multicenter randomized controlled trials indi-
cate that early use of continuous positive airway pressure with
subsequent selective surfactant administration in extremely preterm
infants results in lower rates of bronchopulmonary dysplasia/death
when compared with treatment with prophylactic or early surfactant
therapy. Continuous positive airway pressure started at or soon after
birth with subsequent selective surfactant administration may be con-
sidered as an alternative to routine intubation with prophylactic or
early surfactant administration in preterm infants. Pediatrics
2014;133:171–174

BACKGROUND

Current practice guidelines in neonatology recommend adminis-
tration of surfactant at or soon after birth in preterm infants with
respiratory distress syndrome (RDS).1 However, recent multicenter
randomized controlled trials indicate that nasal continuous positive
airway pressure (CPAP) may be an effective alternative to pro-
phylactic or early surfactant administration.2–8 Respiratory support
is being achieved more frequently with CPAP and other less invasive
approaches, such as the technique of intubation, surfactant, and extu-
bation (INSURE).9

Experimental evidence documents that mechanical ventilation, par-
ticularly in the presence of surfactant deficiency, results in lung injury.
Early randomized clinical trials demonstrated that surfactant ad-
ministration in infants with established RDS decreased mortality,
bronchopulmonary dysplasia (BPD), and pneumothorax.10 Subsequent
trials indicated that early selective administration of surfactant
results in fewer pneumothoraces, less pulmonary interstitial em-
physema, less BPD, and lower mortality compared with delayed se-
lective surfactant therapy.11 Trials of prophylactic administration of
surfactant demonstrated decreased air leaks and mortality compared
with selective surfactant therapy.12 However, infants enrolled in these
trials did not consistently receive early CPAP, an alternative therapy
for the maintenance of functional residual capacity. Furthermore,
control infants were intubated and mechanically ventilated without
exogenous surfactant.
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The INSURE strategy also resulted in
fewer air leaks and shorter duration of
ventilation when compared with later
selective surfactant administration
with continued ventilation. However,
oxygen need and survival at 36 weeks’
postmenstrual age or longer-term
outcomes were not assessed in
these trials.13 It is also worth noting
that the INSURE studies did not con-
sistently use early CPAP in the control
group. In fact, a recent large trial not
included in this meta-analysis did not
show a benefit of the INSURE strategy
when compared with early CPAP.7 The
INSURE strategy may be more effica-
cious if an infant can be rapidly
extubated. Studies in baboons have
demonstrated an increase in the se-
verity of pulmonary injury when
extubation to CPAP is delayed, thus
reducing the benefits of surfactant
administration.14 Decisions on extu-
bation may have to be individualized,
because some critically ill infants may
not benefit from rapid extubation.
Further research is needed to test the
potential benefits of the INSURE strat-
egy on important long-term outcomes.
However, rapid extubation after sur-
factant administration may not be
achievable or desirable in the most
immature infants, and decisions to
extubate should be individualized.

CPAP can be delivered by several
noninvasive techniques such as nasal
prongs, nasopharyngeal tube, or mask
by using a water-bubbling system
(bubble CPAP) or a ventilator. Although
physician preference for bubble or
ventilator CPAP is common, physiologic
and clinical studies have been in-
conclusive. It is feasible to provide
noninvasive nasal CPAP starting in the
delivery room, even in extremely pre-
term infants (24–27 weeks’ gestation),
but the most immature infants had
the highest risk of failure.6 Non-
invasive modes of ventilation, such as
nasal intermittent ventilation, do not

appear to provide further benefits
compared with CPAP.15

RANDOMIZED CONTROLLED TRIALS
OF NASAL CPAP STARTING AT
BIRTH

Recently published large, multicenter
randomized controlled trials of pro-
phylactic or early CPAP have enrolled
very immature infants, a group that, in
previous trials, benefited from sur-
factant treatment. The COIN (CPAP or
INtubation) Trial of the Australasian
Trial Network compared the effective-
ness of nasal CPAP (8 cm of water
pressure) to intubation and mechani-
cal ventilation in preterm infants who
were breathing spontaneously at 5
minutes after birth.4 There was
a trend for a lower rate of death or
BPD in infants who received CPAP and
used fewer corticosteroids post-
natally. The mean duration of ventila-
tion was shorter in the CPAP group
(3 days in the CPAP group and 4 days
in the ventilator group). However, the
CPAP group had a higher rate of
pneumothorax than the ventilator
group (9% vs 3%; P < .001). Although
surfactant therapy was not required
for intubated infants, three-quarters
of the intubation cohort received
surfactant. Similarly, 46% of infants in
the CPAP group required ventilator
support, and 50% received surfactant.
Therefore, the comparison was be-
tween early CPAP (with 50% of infants
ultimately receiving surfactant) and
intubation and ventilation, mostly but
not always with surfactant adminis-
tration.

The largest CPAP trial (N = 1310), the
Surfactant Positive Pressure and
Pulse Oximetry Randomized Trial
(SUPPORT) conducted by the Eunice
Kennedy Shriver National Institutes of
Health and Human Development Neo-
natal Research Network investigators,
was designed to evaluate nasal CPAP
started immediately after birth by

using a limited-ventilation strategy
compared with prophylactic surfactant
therapy and ventilator support started
within 60 minutes after birth by using
a limited ventilation strategy in infants
born at 24 to 27 weeks’ gestation.5 This
trial used prospectively defined criteria
for intubation and extubation. The rate
of death or BPD in the CPAP group
was 48% compared with 51% in the
surfactant group (relative risk [RR]:
0.91; 95% confidence interval [CI]:
0.83–1.01; P = .07). Among infants
born at 24 and 25 weeks’ gestation,
the death rate was lower in the CPAP
group than in the surfactant group
(20% vs 29%; RR: 0.68; 95% CI: 0.5–
0.92; P = .01). Two-thirds of the infants
in the CPAP group ultimately received
surfactant. In addition, duration of
mechanical ventilation was shorter
(25 vs 28 days), and use of postnatal
corticosteroid therapy was reduced in
the CPAP group (7% vs 13%). The rate
of air leaks did not differ between the
groups, and there were no adverse
effects of the CPAP strategy despite
a reduction in the use of surfactant.
This trial demonstrated that nasal
CPAP started immediately after birth
is an effective and safe alternative to
prophylactic or early surfactant ad-
ministration and may be superior. A
follow-up study at 18 to 22 months’
corrected age showed that death or
neurodevelopmental impairment oc-
curred in 28% of the infants in the
CPAP group compared with 30% of
those in the surfactant/ventilation
group (RR: 0.93; 95% CI: 0.78–1.10;
P = .38).16 CPAP and the limited-
ventilation strategy, rather than in-
tubation and surfactant, resulted in
less respiratory morbidity by 18 to 22
months’ corrected age.17

The Vermont Oxford Network Delivery
Room Management Trial randomly
assigned infants born at 26 to 29
weeks’ gestation to 1 of 3 treatment
groups: prophylactic surfactant and
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Thus, care should be individualized on
the basis of the capabilities of health
workers in addition to the patient’s
condition.

A meta-analysis of prophylactic sur-
factant versus prophylactic stabiliza-
tion with CPAPand subsequent selective
surfactant administration in preterm
infants showed that prophylactic ad-
ministration of surfactant compared
with stabilization with CPAP and selec-
tive surfactant administration was as-
sociated with a higher risk of death or
BPD (RR: 1.12; 95% CI: 1.02–1.24; P <
.05).11 The previously reported benefits
of prophylactic surfactant could no
longer be demonstrated.

It is notable that infants as immature
as 24 weeks’ gestational age were
enrolled in many of the trials. In
a subgroup analysis in the SUPPORT
trial, the most immature infants (born
at 24 and 25 weeks’ gestation)
benefited the most from the CPAP
strategy. Many extremely preterm
infants can be managed with CPAP
only; early application of nasal CPAP
(without surfactant administration)
was successful in 50% of infants
weighing ≤750 g at birth in 1 retro-
spective review.20

Surfactant administration can be ex-
pensive, particularly in low-resource
settings. Additionally, intubation and
mechanical ventilation may not be
possible or desirable in institutions
with limited resources. CPAP provides
an alternative for early respiratory
support in resource-limited settings.
Emerging evidence indicates that early
CPAP is an effective strategy for re-
spiratory support in extremely pre-
term infants, including very immature
infants. CPAP appears to be at least as
safe and effective as early surfactant
therapy with mechanical ventilation.9

CONCLUSIONS

1. Based on a meta-analysis of pro-
phylactic surfactant versus CPAP

as well as on other trials of more
selective early use of surfactant
versus CPAP not included in the
meta-analysis, the early use of
CPAP with subsequent selective
surfactant administration in ex-
tremely preterm infants results
in lower rates of BPD/death when
compared with treatment with
prophylactic or early surfactant
therapy (Level of Evidence: 1).

2. Preterm infants treated with early
CPAP alone are not at increased risk
of adverse outcomes if treatment
with surfactant is delayed or not
given (Level of Evidence: 1).

3. Early initiation of CPAP may lead
to a reduction in duration of me-
chanical ventilation and postnatal
corticosteroid therapy (Level of
Evidence: 1).

4. Infants with RDS may vary mark-
edly in the severity of the respira-
tory disease, maturity, and presence
of other complications, and thus it is
necessary to individualize patient
care. Care for these infants is pro-
vided in a variety of care settings,
and thus the capabilities of the
health care team need to be consid-
ered.

RECOMMENDATION

1. Using CPAP immediately after birth
with subsequent selective surfac-
tant administration may be con-
sidered as an alternative to
routine intubation with prophy-
lactic or early surfactant admin-
istration in preterm infants (Level
of Evidence: 1, Strong Recommen-
dation).21 If it is likely that respi-
ratory support with a ventilator
will be needed, early administra-
tion of surfactant followed by
rapid extubation is preferable
to prolonged ventilation (Level of
Evidence: 1, Strong Recommenda-
tion).21

continued ventilation, prophylactic sur-
factant and extubation to CPAP, or CPAP 
(without surfactant).7 There were no 
statistically significant differences be-
tween the 3 groups, but when com-
pared with the prophylactic surfactant 
group, the RR of BPD or death was 0.83 
(95% CI: 0.64–1.09) for the CPAP group 
and 0.78 (95% CI: 0.59–1.03) for the IN-
SURE group.
Other trials have compared early CPAP 
with prophylactic or early surfactant 
administration. The CURPAP2 and 
Colombian Network3 trials did not 
demonstrate a difference in the rate 
of BPD between the 2 treatment 
strategies. Moreover, in the Colum-
bian Network trial,3 infants randomly 
assigned to prophylactic CPAP had 
a higher risk of pneumothorax (9%) 
than infants randomly assigned to 
INSURE (2%). Infants in the South 
American Neocosur Network trial 
were randomly assigned to early 
CPAP (with rescue using an INSURE 
strategy) or oxygen hood (with res-
cue using mechanical ventilation).8 

The early CPAP strategy (and selec-
tive of INSURE, if needed) reduced the 
need for mechanical ventilation and 
surfactant.

Standard but diverse CPAP systems 
have been used in these and other 
large randomized controlled trials 
reviewed, including bubble CPAP and 
ventilator CPAP. A detailed description 
of the practical aspects of using CPAP 
systems are beyond the scope of this 
statement but are available in the 
published literature.18,19

Preterm infants are frequently born 
precipitously in hospitals without the 
capability of CPAP. CPAP can be provided 
with a bag and mask or other compa-
rable devices in these circumstances. 
However, special expertise is necessary 
because CPAP may not be easy to use 
without specific training. Safe transport 
before delivery may be preferable 
depending on clinical circumstances.
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CLINICAL REPORT

Surfactant Replacement Therapy for Preterm and Term
Neonates With Respiratory Distress

abstract
Respiratory failure secondary to surfactant deficiency is a major cause
of morbidity and mortality in preterm infants. Surfactant therapy sub-
stantially reduces mortality and respiratory morbidity for this popu-
lation. Secondary surfactant deficiency also contributes to acute
respiratory morbidity in late-preterm and term neonates with meco-
nium aspiration syndrome, pneumonia/sepsis, and perhaps pulmonary
hemorrhage; surfactant replacement may be beneficial for these in-
fants. This statement summarizes the evidence regarding indications,
administration, formulations, and outcomes for surfactant-replacement
therapy. The clinical strategy of intubation, surfactant administra-
tion, and extubation to continuous positive airway pressure and
the effect of continuous positive airway pressure on outcomes
and surfactant use in preterm infants are also reviewed. Pediatrics
2014;133:156–163

INTRODUCTION

Surfactant replacement was established as an effective and safe
therapy for immaturity-related surfactant deficiency by the early
1990s.1 Systematic reviews of randomized, controlled trials confirmed
that surfactant administration in preterm infants with established
respiratory distress syndrome (RDS) reduces mortality, decreases the
incidence of pulmonary air leak (pneumothoraces and pulmonary
interstitial emphysema), and lowers the risk of chronic lung disease
or death at 28 days of age (Table 1).2–11 Subsequent trials indicated
that prophylactic or early administration of surfactant resulted in
fewer pneumothoraces, less pulmonary interstitial emphysema, and
improved survival without bronchopulmonary dysplasia (BPD). How-
ever, recent randomized clinical trials indicate that the benefits of
prophylactic surfactant are no longer evident in groups of infants
when continuous positive airway pressure (CPAP) is used routinely.5

This clinical report updates a 2008 report from the American Academy of
Pediatrics.1 As in the previous report, a number of clinically important
topics are reviewed surrounding use of surfactant, including pro-
phylactic versus rescue replacement, preparations and administration
techniques, the synergistic effects of surfactant and antenatal steroids,
and surfactant therapy for respiratory disorders other than RDS. In
addition, the effect of CPAP on RDS and surfactant replacement and the
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born at less than 27 weeks’ gestation,
may be increased with surfactant
therapy. Surfactant replacement is
effective for larger and more mature
preterm infants with established RDS.

PROPHYLACTIC VERSUS RESCUE
SURFACTANT

A prophylactic, or preventive, surfactant
strategy is defined as intubation and
surfactant administration to infants at
high risk of developing RDS for the
primary purpose of preventing wors-
ening RDS rather than treatment of
established RDS; this has been oper-
ationalized in clinical studies as sur-
factant administration in the delivery
room before initial resuscitation efforts
or the onset of respiratory distress or,
most commonly, after initial re-
suscitation but within 10 to 30 minutes
after birth. This contrasts with a rescue
or treatment surfactant strategy, in
which surfactant is given only to pre-
term infants with established RDS.
Rescue surfactant is most often ad-
ministered within the first 12 hours
after birth, when specified threshold
criteria of severity of RDS are met.

The meta-analysis of studies conducted
before routine application of CPAP
demonstrated a lower mortality rate
(relative risk [RR] 0.69; 95% confidence
interval [CI] 0.56–0.85; number needed
to benefit [NNTB] 20) and a decrease in
the risk of air leak (RR 0.79; 95% CI
0.63–0.98) in preterm infants receiving

prophylactic surfactant versus rescue
surfactant.14 However, when the studies
that allowed for routine application of
CPAP were included in the meta-analysis
(National Institute of Child Health and
Human Development SUPPORT Trial and
Vermont Oxford Network Delivery Room
Management Trial), the benefits of pro-
phylactic surfactant on mortality (RR
0.89; 95% CI 0.76–1.04) and air leak (RR
0.86; 95% CI 0.71–1.04) could no longer
be demonstrated.5 Furthermore, infants
receiving prophylactic surfactant had
a higher incidence of BPD or death than
did infants stabilized on CPAP (RR 1.12;
95% CI 1.02–1.24). Secondary analyses
of studies that did or did not use CPAP
to stabilize infants demonstrated a
trend to a lower risk of intraventricular
hemorrhage (RR 0.91; 95% CI 0.82–1.00)
and severe intraventricular hemorrhage
(RR 0.87; 95% CI 0.70–1.04) with pro-
phylactic surfactant. That finding cannot
be explained; however, there was con-
siderable heterogeneity in the trials in-
cluded in the meta-analysis. The risks of
developing other complications of pre-
maturity, such as retinopathy of pre-
maturity, patent ductus arteriosus, and
periventricular leukomalacia, were not
significantly different.

When studies investigating infants born
at <30 weeks’ gestation were analyzed
separately,5 similar findings were
noted. However, there was a trend for
an increased risk of chronic lung dis-
ease in infants born at <30 weeks’
gestation who received prophylactic
surfactant (RR 1.13; 95% CI 1.00–1.28)
and a significant increase in death or
chronic lung disease (RR 1.13; 95% CI
1.02–1.25) with use of prophylactic
surfactant.

EARLY VERSUS DELAYED
SELECTIVE SURFACTANT
TREATMENT OF RDS

Although there are no statistically
significant benefits to prophylactic use
of surfactant when compared with

TABLE 1 Meta-analyses of Surfactant Replacement: Prophylaxis and Rescue Treatment With
Animal-Derived and Synthetic Surfactant2,3,8,11

Outcome Prophylactic Surfactant Rescue Surfactant

Animal Derived Synthetic Animal Derived Synthetic

N RR (95% CI) N RR (95% CI) N RR (95% CI) N RR (95% CI)

Neonatal mortality 8 0.60 (0.47–0.77) 7 0.70 (0.58–0.85) 10 0.68 (0.57–0.82) 6 0.73 (0.61–0.88)
Pneumothorax 9 0.40 (0.29–0.54) 6 0.67 (0.50–0.90) 12 0.42 (0.34–0.52) 5 0.64 (0.55–0.76)
PIE 6 0.46 (0.36–0.59) 2 0.68 (0.50–0.93) 8 0.45 (0.37–0.55) 4 0.62 (0.54–0.71)
BPDa 8 0.91 (0.79–1.05) 4 1.06 (0.83–1.36) 12 0.95 (0.84–1.08) 5 0.75 (0.61–0.92)
BPD/deatha 8 0.80 (0.72–0.88) 4 0.89 (0.77–1.03) 12 0.83 (0.77–0.90) 4 0.73 (0.65–0.83)

N, number; PIE, pulmonary interstitial emphysema.
a Defined at 28 d.

efficacy of the INSURE approach (intuba-
tion, surfactant administration, and ex-
tubation to CPAP) are reviewed.

PRETERM INFANTS AND 
SURFACTANT EFFECTIVENESS IN 
CLINICAL TRIALS
Surfactant trials have included infants 
born between 23 and 34 weeks’ ges-
tation and/or with birth weight be-
tween 500 and 2000 g.1–12 The results 
of subgroup analyses from such stud-
ies indicated that surfactant therapy 
decreased mortality rates most effec-
tively in infants born at less than 30 
weeks’ gestation or with birth weight 
<1250 g.12 In addition, surfactant re-
placement reduced the incidence of 
pneumothorax, pulmonary interstitial 
emphysema, and the combined out-
come of death or BPD, compared with 
no surfactant replacement12; these  
findings suggest that lung injury is 
mitigated after surfactant replace-
ment. The incidence of other medical 
morbidities, such as BPD, intraven-
tricular hemorrhage, necrotizing en-
terocolitis, health care–associated 
infections, retinopathy of prematurity, 
and patent ductus arteriosus, has not 
changed with surfactant replacement, 
but this may be attributable, in part, 
to the large reduction in mortality 
with surfactant replacement ther-
apy.13 The onset of clinical signs of 
patent ductus arteriosus may occur 
earlier, and the incidence of pulmo-
nary hemorrhage, especially in infants
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prophylactic CPAP, several studies have
investigated whether administration of
surfactant early in the course of re-
spiratory insufficiency improves clini-
cal outcomes. Early rescue is defined
as surfactant treatment within 1 to 2
hours of birth, and late rescue is de-
fined as surfactant treatment 2 or
more hours after birth. A recent meta-
analysis of early (within 2 hours)
versus delayed surfactant treatment
concluded that the risks of mortality
(RR 0.84; 95% CI 0.74–0.95), air leak
(RR 0.61; 95% CI 0.48–0.78), chronic
lung disease (RR 0.69; 95% CI 0.55–
0.86), and chronic lung disease or
death (RR 0.83; 95% CI 0.75–0.91) were
significantly decreased. There were no
differences in other complications of
prematurity.7

EARLY ADMINISTRATION OF
SURFACTANT FOLLOWED BY BRIEF
VENTILATION AND EXTUBATION TO
CPAP (INSURE STRATEGY)

The INSURE strategy is widely used
throughout the world. In randomized
clinical trials performed before 2008,
the INSURE approach, compared with
rescue surfactant administration in
infants with RDS, was associated with
a significantly reduced need for me-
chanical ventilation (RR 0.67; 95% CI
0.57–0.79) and a reduced need for ox-
ygen at 28 days.6 In an analysis strati-
fied by fraction of inspired oxygen
requirement at study entry, a signifi-
cantly higher frequency of patent duc-
tus arteriosus was observed among
infants in the rescue surfactant group,
who required a fraction of inspired
oxygen greater than 0.45 (RR 2.15; 95%
CI 1.09–4.23). The Vermont Oxford Net-
work Delivery Room Management Trial
(n = 648) randomly assigned infants
born at 26 to 29 weeks’ gestation to 1
of 3 treatment groups: prophylactic
surfactant and continued ventilation,
prophylactic surfactant and rapid ex-
tubation to CPAP (INSURE), or nasal

CPAP without surfactant.15 When com-
pared with the group of infants re-
ceiving prophylactic surfactant and
continued ventilation, the RR of death
or BPD was 0.78 (95% CI 0.59–1.03) for
the INSURE group and 0.83 (95% CI
0.64–1.09) for the CPAP group. How-
ever, in the nasal CPAP group, 48%
were managed without intubation and
54% without surfactant treatment. A
recent meta-analysis demonstrated
that prophylactic surfactant (with
rapid extubation to CPAP) was associ-
ated with a higher risk of death or BPD
(RR 1.12; 95% CI 1.02–1.24; number
needed to harm of 17) when compared
with early stabilization with CPAP and
selective surfactant administration.5 In
infants with birth weight ≥1250 g and
mild to moderate RDS, elective intuba-
tion and administration of surfactant
decreased the need for mechanical ven-
tilation but had no effect on the du-
ration of oxygen therapy, ventilator
therapy, or hospital stay.16

ANIMAL-DERIVED VERSUS
SYNTHETIC SURFACTANT

A wide variety of animal-derived and
synthetic surfactants are available
commercially (Table 2); both are ben-
eficial as therapy for RDS in preterm
infants. Animal-derived surfactants
are modified or purified from bovine
or porcine lungs. Treatment with
animal-derived surfactants (beractant
[Survanta; Abbvie Inc, North Chicago,
IL], calfactant [Infasurf; ONY Inc,
Amherst, NY], and poractant [Curosurf;
Chiesi Farmaceutici, Parma, Italy]) has
several advantages over first-generation,
protein-free synthetic surfactants
(eg, colfosceril palmitate [Exosurf;
GlaxoSmithKline, Middlesex, UK]).3

These include lower mortality rates
(RR 0.86; 95% CI 0.76–0.98; number
needed to harm of 40) and fewer
pneumothoraces (RR 0.63; 95% CI
0.53–0.75; NNTB 22).4 Animal-derived
surfactants contain variable amounts

of surfactant protein B (SP-B). SP-B
enhances the rate of adsorption of
phospholipids at the air-water inter-
face, is involved in the formation of tu-
bular myelin, and has antiinflammatory
properties. However, it is unclear
whether significant differences in
clinical outcomes exist among the
available animal-derived products.

A synthetic surfactant (lucinactant) that
contains a 21-amino acid peptide that
mimics SP-B activity has recently been
approved for the prevention and
treatment of RDS in preterm infants.18,19

When compared with animal-derived
surfactant (beractant or poractant),
lucinactant was shown to be equiva-
lent.18,19 Neonatal morbidities (intra-
ventricular hemorrhage, periventricular
leukomalacia, pulmonary hemorrhage,
sepsis, patent ductus arteriosus, ret-
inopathy of prematurity, necrotizing
enterocolitis, and BPD) were not sig-
nificantly different between preterm
infants treated with animal-derived
surfactants and those treated with
synthetic surfactants.

SURFACTANT ADMINISTRATION

Surfactant administration strategies
have been based on manufacturer
guidelines for individual surfactants.1

The dose of surfactant, frequency of
administration, and treatment proce-
dures have been modeled after re-
search protocols. Furthermore, repeated
doses of surfactants given at intervals
for predetermined indications have
decreased mortality and morbidity
compared with placebo or single
surfactant doses.10 However, given the
long half-life for surfactant in preterm
infants with RDS,20 redosing should
not be needed more often than every
12 hours, unless surfactant is being
inactivated by an infectious process,
meconium, or blood. Dosing intervals
shorter than 12 hours recommended
by some manufacturers are not based
on human pharmacokinetic data.
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endotracheal tube occurred more of-
ten when the infusion technique was
used. Similar clinical outcomes were
also found when surfactant was ad-
ministered as a bolus or as a 1-minute
infusion through a side-hole adapter.24

Because data are conflicting and lim-
ited, the optimal method of surfactant
administration in preterm infants has
yet to be clearly proven. Additionally,
there is insufficient evidence to rec-
ommend the optimal number of frac-
tional doses of surfactant or what
body position is best when surfactant
is administered.

A number of alternatives to intratracheal
administration of surfactant have been
evaluated in clinical trials.25–32 These
include use of aerosolized surfactant
preparations, laryngeal mask airway-
aided delivery of surfactant, instillation
of pharyngeal surfactant, and adminis-
tration of surfactant using thin intra-
tracheal catheters. Theoretically, each
of these methods could allow adminis-
tration of surfactant without intubation
in spontaneously breathing infants. In
a recent study, Göpel et al25 randomized
220 preterm infants born at 26 to 28
weeks’ gestation to receive either sur-
factant administered via a thin plastic
catheter (using laryngoscopy) or surfac-
tant administered as a rescue therapy.

All infants were maintained on CPAP.
The administration of surfactant
through a thin plastic catheter sig-
nificantly reduced the need for me-
chanical ventilation and decreased
the need for oxygen therapy at 28
days. More data are needed to rec-
ommend any of the alternative tech-
niques for surfactant administration.

SURFACTANT REPLACEMENT
THERAPY FOR RESPIRATORY
DISORDERS OTHER THAN RDS

Surfactant inactivation and secondary
dysfunction may occur with conditions
such asmeconium aspiration syndrome,
persistent pulmonary hypertension of
the newborn, neonatal pneumonia, and
pulmonary hemorrhage.33,34 Surfactant
administration techniques, surfactant
dosage, patient populations, entry cri-
teria, and study outcomes in the small
randomized trials and case series of
surfactant replacement in neonates
with secondary surfactant deficiency
vary considerably.35–42

Meconium aspiration syndrome with
severe respiratory failure and persis-
tent pulmonary hypertension may be
complicated by surfactant inactivation.
Surfactant replacement by bolus or
slow infusion in infants with severe

TABLE 2 Composition and Dosage of Surfactants17

Surfactant Main
Phospholipids

Proteins Phospholipid
Concentration

Suggested
Dose

Phospholipid per
Dose

Animal-derived
Beractant (Survantaa) minced bovine lung

extract
DPPC and PG (<0.1%) SP-B and (1%)

SP-C
25 mg/mL 4 mL/kg 100 mg/kg

Calfactant (Infasurfb) bovine calf lung lavage DPPC and PG (0.7%) SP-B and (1%) SP-C 35 mg/mL 3 mL/kg 105 mg/kg
Poractant (Curosurfc) minced porcine lung

extract
DPPC and PG (0.6%)SP-B and (1%) SP-C 80 mg/mL 2.5 mL/kg and 100-200 mg/kg

1.25 mL/kg 100 mg/kg
Synthetic
Colfosceril (Exosurfd) DPPC (100%) None 13.5 mg/mL 5 mL/kg 67.5 mg/kg

Synthetic, protein analog
Lucinactant (Surfaxine) DPPC and POPG KL4 peptide as SP-B 30 mg/mL 5.8 mL/kg 175 mg/kg

DPPC, dipalmitoyl phosphatidylcholine; PG, phosphatidylglycerol; POPG, palmitoyloleyl phosphatidylglycerol; SP-C, surfactant protein C.
a Abbvie Inc, North Chicago, IL.
b ONY Inc, Amherst, NY.
c Chiesi Farmaceutici, Parma, Italy.
d GlaxoSmithKline, Middlesex, UK.
e Discovery Laboratories, Warrington, PA.

Surfactant administration procedures 
may be complicated by transient air-
way obstruction, oxygen desaturation, 
bradycardia, and alterations in cere-
bral blood flow and brain electrical 
activity. The delivery of surfactant can 
also result in rapid improvement in 
lung volume, functional residual ca-
pacity, and compliance. Thus, expedi-
tious changes in mechanical ventilator 
settings may be necessary to minimize 
the risks of lung injury and air leak. 
Clinicians with expertise in these 
procedures should be responsible for 
surfactant administration whenever 
surfactant is given.
Surfactant has traditionally been ad-
ministered through an endotracheal 
tube either as bolus, in smaller aliquots,21 
or by infusion through an adaptor 
port on the proximal end of the en-
dotracheal tube.19 In an animal model, 
administration of surfactant as an in-
tratracheal bolus while disconnected 
from the mechanical ventilator re-
sulted in more uniform distribution 
than an infusion administered over 30 
minutes through a side-hole adapter.22 

However, a small clinical trial of human 
preterm infants showed no signifi-
cant differences in clinical outcomes 
between methods.23 During surfac-
tant administration, reflux into the
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meconium aspiration syndrome im-
proved oxygenation and reduced the
need for extracorporeal membrane
oxygenation (ECMO) (RR 0.64; 95% CI
0.46–0.91; NNTB 6).35 Surfactant did not
reduce mortality or decrease the fre-
quency of air leaks (pneumothoraces
or pulmonary interstitial emphysema).
In a blinded randomized clinical trial of
infants receiving ECMO, administration
of surfactant shortened the duration of
the ECMO. Notably, there were no
infants with congenital diaphragmatic
hernia in that study.36

Surfactant inactivation may be asso-
ciated with pneumonia.37,38 In a small
randomized trial of surfactant rescue
therapy, the subgroup of infants with
sepsis showed improved oxygenation
and a reduced need for ECMO com-
pared with a similar group of control
infants.37 Newborn infants with pneu-
monia or sepsis receiving rescue surfac-
tant also demonstrated improved gas
exchange compared with infants
without surfactant treatment. The
number of neonates who received
surfactant for sepsis and pneumonia
in these clinical reports is small, and
no recommendation can be made.

Surfactant treatment of pulmonary
hemorrhage is plausible, because blood
inhibits surfactant function. However,
only a few retrospective and observa-
tional reports have documented the
benefits of such therapy, and the mag-
nitude of benefit remains to be estab-
lished.39

Congenital diaphragmatic hernia may
be associated with surfactant in-
sufficiency.40 Although measurements
of disaturated phosphatidylcholine
from lungs of infants with congenital
diaphragmatic hernia show synthetic
rates similar to those from infants
without diaphragmatic hernia, pool
sizes and kinetics are altered.40 How-
ever, surfactant treatment of a large
series of infants with congenital di-
aphragmatic hernia did not improve

outcomes. In fact, the need for ECMO,
the incidence of chronic lung disease,
and mortality rate were increased
with surfactant administration.41,42

ANTENATAL STEROIDS AND
SURFACTANT REPLACEMENT

Surfactant trials that proved efficacy
were performed at a time when an-
tenatal steroid therapy was given in-
frequently.43 By the late 1990s, most
mothers of preterm infants born at
less than 30 weeks’ gestation had re-
ceived antenatal steroids (58% to
92%).44–46 Antenatal steroids signifi-
cantly reduce mortality (RR 0.62; 95%
CI 0.51–0.77; NNTB 23), RDS (RR 0.65;
95% CI 0.47–0.75; NNTB 12), and sur-
factant use in preterm infants (RR
0.45; 95% CI 0.22–0.93; NNTB 9),47 most
consistently in those born between 28
and 34 weeks’ gestation.

Results of observational studies and
clinical trials have inferred that ante-
natal steroids may reduce the need for
prophylactic and early rescue surfac-
tant replacement in infants born after
27 to 28 weeks’ gestation,16,48 but no
randomized, controlled trials have
addressed this issue. In infants born at
or earlier than 27 weeks’ gestation, the
incidence of RDS is not reduced after
exposure to antenatal steroids; how-
ever, in a recently published study,
death or neurodevelopment impair-
ment at 18 to 22 months was signifi-
cantly lower for infants who had been

exposed to antenatal steroids at 23 to
25 weeks’ gestation.49 Infants born be-
fore 32 weeks’ gestation who received
both antenatal steroids and postnatal
surfactant were found on subgroup
analyses to have significant reductions
in mortality, severity of respiratory dis-
tress, and air leaks when compared
with subgroups that received neither
steroids nor surfactant, antenatal ste-
roids only, or surfactant only.50–52 This
finding corroborates evidence from an-
imal models of RDS that the combina-
tion of antenatal steroids and postnatal
surfactant improves lung function more
than either treatment alone.53–55

An important additional benefit of an-
tenatal steroids is a reduction in risk
of intraventricular hemorrhage, an
advantage not found with surfactant
replacement alone.56 The effects of
antenatal steroids on other neonatal
morbidities, such as necrotizing en-
terocolitis and patent ductus arterio-
sus, have been inconsistent. However,
antenatal steroids have not signifi-
cantly decreased the incidence of
BPD.50,51

CPAP AND SURFACTANT

Randomized clinical trials suggest that
nasal CPAP is acceptable as an alter-
native to surfactant administration in
preterm infants with RDS. A clinical
report from the American Academy of
Pediatrics, “Respiratory Support of
the Preterm Infant,” is forthcoming.57

TABLE 3 Levels of Evidence59

Recommendation LOE LOE Grade of Recommendation

Preterm infants born at <30 wk of gestation who need
mechanical ventilation because of severe RDS should be
given surfactant after initial stabilization.

1 Strong Recommendation

Using CPAP immediately after birth with subsequent selective
surfactant administration should be considered as an
alternative to routine intubation with prophylactic or early
surfactant administration in preterm infants.

1 Strong Recommendation

Rescue surfactant may be considered for infants with hypoxic
respiratory failure attributable to secondary surfactant
deficiency (eg, meconium aspiration syndrome or sepsis/
pneumonia).

2 Recommendation
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SUMMARY OF SCIENCE

1. Surfactant replacement, given as
prophylaxis or rescue treatment,
reduces the incidence of RDS, air
leaks, and mortality in preterm
infants with RDS (level of evidence
[LOE] 1).

2. Both animal-derived and newer
synthetic surfactants with SP-B–
like activity decrease acute respi-
ratory morbidity and mortality in
preterm infants with RDS (LOE 1).

3. Early rescue surfactant treatment
(<2 hours of age) in infants with
RDS decreases the risk of mortal-
ity, air leak, and chronic lung dis-
ease in preterm infants (LOE 1).

4. Early initiation of CPAP with subse-
quent selective surfactant adminis-
tration in extremely preterm infants
results in lower rates of BPD/death
when compared with treatment
with prophylactic surfactant ther-
apy (LOE 1).

5. Surfactant replacement has not
been shown to affect the incidence
of neurologic, developmental, be-
havioral, medical, or educational
outcomes in preterm infants (LOE 2).

6. Surfactant treatment improves oxy-
genation and reduces the need for
ECMO without an increase in mor-
bidity in neonates with meconium
aspiration syndrome (LOE 2).

7. Surfactant treatment of infants
with congenital diaphragmatic

hernia does not improve clinical
outcomes (LOE 2).

8. Antenatal steroids and postnatal
surfactant replacement indepen-
dently and additively reduce mor-
tality, the severity of RDS, and air
leaks in preterm infants (LOE 2).

CLINICAL IMPLICATIONS (TABLE 3)

1. Preterm infants born at <30 weeks’
gestation who need mechanical ven-
tilation because of severe RDS should
be given surfactant after initial stabi-
lization (Strong Recommendation).

2. Using CPAP immediately after birth
with subsequent selective surfactant
administration should be considered
as an alternative to routine intuba-
tion with prophylactic or early sur-
factant administration in preterm
infants (Strong Recommendation).

3. Rescue surfactant may be consid-
ered for infants with hypoxic respira-
tory failure attributable to secondary
surfactant deficiency (eg, pulmonary
hemorrhage, meconium aspiration
syndrome, or sepsis/pneumonia)
(Recommendation).

4. Preterm and term neonates who
are receiving surfactant should
be managed by nursery and trans-
port personnel with the technical
and clinical expertise to administer
surfactant safely and deal with
multisystem illness. Therefore, pedi-
atric providers who are without ex-
pertise, or who are inexperienced

or uncomfortable with surfactant
administration or managing an in-
fant who has received surfactant
should wait for the transport team
to arrive.
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CLINICAL REPORT

Use of Inhaled Nitric Oxide in Preterm Infants

abstract
Nitric oxide, an important signaling molecule with multiple regulatory
effects throughout the body, is an important tool for the treatment of
full-term and late-preterm infants with persistent pulmonary hyperten-
sion of the newborn and hypoxemic respiratory failure. Several ran-
domized controlled trials have evaluated its role in the management
of preterm infants ≤34 weeks’ gestational age with varying results.
The purpose of this clinical report is to summarize the existing evi-
dence for the use of inhaled nitric oxide in preterm infants and
provide guidance regarding its use in this population. Pediatrics
2014;133:164–170

INTRODUCTION

Nitric oxide (NO) is an important signaling molecule with multiple
regulatory effects throughout the body. In perinatal medicine, inhaled
nitric oxide (iNO) was initially studied for its pulmonary vasodilating
effects in infants with pulmonary hypertension and has since become
an important tool for the treatment of full-term and late-preterm
infants with persistent pulmonary hypertension of the newborn and
hypoxemic respiratory failure.1 Inhaled NO also has multiple and
complex systemic and pulmonary effects. In animal models of neo-
natal chronic lung disease, iNO stimulates angiogenesis, augments
alveolarization, improves surfactant function, and inhibits pro-
liferation of smooth muscle cells and abnormal elastin deposition.2–6

Although the evidence for similar benefits in preterm infants is
lacking, the off-label use of iNO in this population has escalated.7 A
study published in 2010 reported a sixfold increase (from 0.3% to
1.8%) in the use of iNO among infants born at less than 34 weeks’
gestation between 2000 and 2008.7 The greatest increase occurred
among infants who were born at 23 to 26 weeks’ gestation (0.8% to
6.6%). The National Institutes of Health convened a consensus panel in
October 2010 to evaluate the evidence for safety and efficacy of iNO
therapy in preterm infants. After reviewing the published evidence,
the panel concluded that the available evidence does not support the
use of iNO in early routine, early rescue, or later rescue regimens in
the care of infants born at less than 34 weeks’ gestation and that
hospitals, clinicians, and the pharmaceutical industry should avoid
marketing iNO for this group of infants.8 An individual-patient data
meta-analysis of 14 randomized controlled trials reached similar
conclusions.9 The purpose of this clinical report is to summarize the
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infants randomized to iNO treatment
had longer duration of ventilation, time
on oxygen therapy, and length of hos-
pital stay compared with the placebo
group, although none of these results
were statistically significant.19

Use of iNO in Preterm Infants to
Improve the Rate of Survival
Without BPD

Lung pathology in preterm infants with
BPD is characterized by reduced num-
bers of large alveoli and abnormal
pulmonary vasculature development.
Surfactant deficiency, ventilator-induced
lung injury, oxygen toxicity, and inflam-
mation appear to play important roles
in its pathogenesis.26,27 In animal models
of neonatal lung injury, iNO promotes
angiogenesis, decreases apoptosis,
and reduces lung inflammation and
oxidant injury.28–30 In an early study of
iNO use in preterm infants, the inci-
dence of BPD was reduced in treated
infants who required ventilator sup-
port.16 Of 3 subsequent large random-
ized trials designed to evaluate the
effect of iNO therapy on survival
without BPD,20,24,25 2 found no signifi-
cant benefit20,25 (Table 1). A third trial,
which featured late treatment (7–21
days of age), a longer duration of drug
exposure (25 days), and a higher cu-
mulative dose, demonstrated a modest
but statistically significant beneficial
effect (44% iNO vs 37% placebo; P =
.042).24 A subgroup analysis showed
that the beneficial effect was seen in
infants enrolled between 7 and 14
days of age but not those enrolled
between the ages of 15 and 21 days.24

EFFECTS OF INO THERAPY ON
NEURODEVELOPMENTAL OUTCOME

Studies in animal models suggest that
iNO may have direct beneficial effects
on the brain through mechanisms in-
volving the cerebral vasculature and/or
neuronal maturation.31,32 Other inves-
tigators have described a possible role

for intravascular NO-derived molecules
in conserving and stabilizing NO bio-
activity that may contribute to the
regulation of regional blood flow and
oxygen delivery.33,34 Neurodevelopmen-
tal outcome has been reported for 6
clinical trials,35–40 and of these, 1 noted
a more favorable neurodevelopmental
outcome at 1 year of age among the
preterm cohort treated with iNO but
no difference in the rate of cerebral
palsy.36

EFFECTS OF INO THERAPY ON
LONG-TERM PULMONARY
OUTCOME OF SURVIVORS

In animal models, iNO decreases
baseline airway resistance and may
increase the rate of alveolarization.2–6

To date, only 2 studies have reported
respiratory outcomes of preterm
infants treated with iNO.41,42 In a tele-
phone survey that included 456
infants in the Nitric Oxide Chronic
Lung Disease (NOCLD) study group,
the use of bronchodilators, inhaled
steroids, systemic steroids, diuretics,
and supplemental oxygen during the
first year of life was less in the iNO-
treated group, but there were no sig-
nificant differences in the frequency
of wheezing or the rate of rehospi-
talization. In the Inhaled Nitric Oxide
Versus Ventilatory Support Without
Inhaled Nitric Oxide multicenter trial,
follow-up at 1 year of age showed no
difference in maximal expiratory flow
at functional residual capacity, wheez-
ing, readmission rate, or use of re-
spiratory medications.42

RESULTS OF META-ANALYSES OF
STUDIES EVALUATING THE USE OF
INO IN PRETERM INFANTS

Two published meta-analyses found no
overall significant effect of iNO on the
rate of mortality, BPD, intraventricular
hemorrhage, or neurodevelopmental
impairment.43,44 In view of the limitations

existing evidence for the use of iNO in 
preterm infants and provide guidance 
regarding its use in this population.

LITERATURE REVIEW
Use of iNO in Preterm Infants With 
Respiratory Failure
The benefits associated with iNO ther-
apy in full-term and late-preterm 
infants with persistent pulmonary hy-
pertension of the newborn and hypox-
emic respiratory failure initiated interest 
in exploring whether iNO could reduce 
the rates of death and neonatal mor-
bidities in more immature infants. 
Pilot studies reported short-term im-
provement in oxygenation with iNO, but 
no significant benefit was observed in 
mortality or other morbidities.10–15 

Subsequently, several randomized 
clinical trials were undertaken.16–23 

Table 1 outlines the study population, 
entry criteria, and dose and duration 
of iNO treatment and summarizes the 
outcomes for all published random-
ized controlled trials. Only 1 small 
trial of 40 patients reported a benefi-
cial effect on survival (Table 1). Sub-
group analyses of secondary outcomes 
have provided conflicting results. Post 
hoc analysis of the Neonatal Research 
Network study suggested that iNO 
therapy was associated with reduced 
rates of death and bronchopulmonary 
dysplasia (BPD) in infants with a birth 
weight greater than 1000 g, but 
higher mortality and increased risk 
of severe intracranial hemorrhage 
in infants weighing 1000 g or less at 
birth.17 In contrast, another large 
multicenter US trial reported no sig-
nificant difference in the primary out-
come of death or BPD between treated 
and control groups; however, infants 
treated with iNO had fewer brain 
lesions (eg, grade 3 or 4 intracranial 
hemorrhage, periventricular leukoma-
lacia, and/or ventriculomegaly) noted 
on cranial ultrasonography.20 A Euro-
pean multicenter study reported that
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of meta-analysis using aggregate data
from different trials and to identify any
patient or treatment characteristics
that might predict benefit, Askie et al9

conducted an individual-patient data
meta-analysis. Data from 3298 infants
in 11 trials that included 96% of pub-
lished data showed no statistically
significant effect of iNO on the rate of
death or chronic lung disease (relative
risk 0.96; 95% confidence interval 0.92–
1.01) or severe brain lesions on cranial
imaging (relative risk 1.12; 95% confi-
dence interval 0.98–1.28). There were
no statistically significant differences
in iNO effect according to any of the
patient-level characteristics tested; how-
ever, the authors cautioned that they
could not exclude the possibility of
a small reduction in the combined
outcome of death or chronic lung dis-
ease if a higher dose of iNO (20 ppm)
was used after >7 days of age, as
observed in the NOCLD study.9,24

COST-BENEFIT ANALYSES OF
ROUTINE USE OF INO IN PRETERM
INFANTS

Treatment with iNO is expensive and
can add significantly to health care
costs.8 A retrospective economic eval-
uation using patient-level data from the
NOCLD trial (the only trial showing
clinical benefit) reported that the over-
all mean cost per infant for the ini-
tial hospitalization was similar in the
treated and placebo groups; however,
when iNO therapy was initiated be-
tween 7 and 14 days of age, there was
a 71% probability that the treatment
decreased costs and improved out-
comes.45 Cost-benefit analysis from 2
other studies failed to show any cost-
benefit.37,39 Among preterm infants in
the Inhaled Nitric Oxide Versus Venti-
latory Support Without Inhaled Nitric
Oxide trial, there was no difference in
resource use and cost of care through
the 4-year assessment.37 Using more
robust research methodology, includingTA

BL
E
1

Co
nt
in
ue
d

Au
th
or
,Y
ea
r

n
Ge
st
at
io
na
l

Ag
e,
w
k

Bi
rt
h

W
ei
gh
t,
g

Ag
e
at

En
ro
llm

en
t

En
tr
y
Cr
ite
ri
a

iN
O
Pr
ot
oc
ol

Pr
im
ar
y
Ou
tc
om

e
St
ud
y
Re
su
lts

Ba
lla
rd
,2
00
62

4
58
2

≤
32

50
0–
12
50

7–
21

d
Ne
ed

fo
r
m
ec
ha
ni
ca
lv
en
til
at
io
n
fo
r

lu
ng

di
se
as
e
be
tw
ee
n
7
an
d
21

d;
in
fa
nt
s
w
ith

bi
rt
h
w
ei
gh
t
50
0–

79
9
g
w
er
e
el
ig
ib
le
if
re
qu
ir
in
g

na
sa
l
CP
AP

20
pp
m

fo
r
48
–
96

h
fo
llo
w
ed

by
10
,

5,
an
d
2
pp
m
at

w
ee
kl
y
in
te
rv
al
s,

w
ith

a
m
in
im
um

tr
ea
tm

en
t

du
ra
tio
n
of

24
d

Su
rv
iv
al

w
ith
ou
t
BP
D
at

36
w
k
of

po
st
m
en
st
ru
al

ag
e

Im
pr
ov
ed

su
rv
iv
al
w
ith
ou
tB
PD

at
36

w
k
po
st
m
en
st
ru
al

ag
e;
po
st

ho
c

an
al
ys
is
sh
ow

ed
m
os
tb
en
efi
tw

he
n

iN
O
tr
ea
tm

en
tw

as
st
ar
te
d
be
tw
ee
n

7–
14

d
of

ag
e

Va
n
M
eu
rs
,2
00
72

3
29

<
34

>
15
00

4–
12
0
h;

m
ea
n
24
–

25
h

OI
≥
15

on
2
co
ns
ec
ut
iv
e
bl
oo
d

ga
se
s
be
tw
ee
n
30

m
in

an
d
12

h
ap
ar
t

5–
10

pp
m

fo
r
m
ax
im
um

of
14

d
In
ci
de
nc
e
of

de
at
h
or

BP
D

No
di
ffe
re
nc
e
in

pr
im
ar
y
ou
tc
om

e

Su
an
d
Ch
en
,2
00
82

2
65

<
32

≤
15
00

M
ea
n
2.
5
d

OI
≥
25

5–
20

pp
m

ba
se
d
on

pa
tie
nt

re
sp
on
se
;t
re
at
m
en
t
du
ra
tio
n
at

ph
ys
ic
ia
n
di
sc
re
tio
n
(m

ea
n

du
ra
tio
n
4.
9
±

2.
3
d)

OI
at

24
h
af
te
r
ra
nd
om

iz
at
io
n

Im
pr
ov
ed

ox
yg
en
at
io
n
w
ith

iN
O

tr
ea
tm

en
t;
no

di
ffe
re
nc
e
in
su
rv
iv
al
,

CL
D,

IV
H,

PD
A,
RO

P,
or

du
ra
tio
n
of

in
tu
ba
tio
n

M
er
ci
er
,2
01
02

5
80
0

<
29

>
50
0

Fi
rs
t
da
y
of

lif
e

Ne
ed

fo
r
su
rf
ac
ta
nt

or
CP
AP

w
ith
in

24
h
of

bi
rt
h

5
pp
m

fo
r
m
in
im
um

of
7
d
an
d

m
ax
im
um

of
21

d
Su
rv
iv
al

w
ith
ou
t
BP
D
at

36
w
k

po
st
m
en
st
ru
al

ag
e

No
di
ffe
re
nc
e
in

pr
im
ar
y
ou
tc
om

e;
no

di
ffe
re
nc
e
in

su
rv
iv
al

al
on
e;
no

di
ffe
re
nc
e
in

BP
D;

no
di
ffe
re
nc
e
in

br
ai
n
in
ju
ry

Da
sh

in
di
ca
te
s
no
t
pa
rt

of
en
ro
llm

en
t
cr
ite
ri
a.

aA
O 2
,a
rt
er
ia
l-a
lv
eo
la
r
ox
yg
en

ra
tio
;C
LD
,c
hr
on
ic
lu
ng

di
se
as
e;
CP
AP
,c
on
tin
uo
us

po
si
tiv
e
ai
rw

ay
pr
es
su
re
;I
VH
,i
nt
ra
ve
nt
ri
cu
la
r
he
m
or
rh
ag
e;
OI
,o
xy
ge
na
tio
n
in
de
x;
PD
A,
pa
te
nt

du
ct
us

ar
te
ri
os
us
;P
VL
,p
er
iv
en
tr
ic
ul
ar

le
uk
om

al
ac
ia
;R
OP
,r
et
in
op
at
hy

of
pr
em

at
ur
ity
.



179USE OF INHALED NITRIC OXIDE IN PRETERM INFANTS

data on postdischarge resource utili-
zation and health-related quality of life
evaluations, Watson et al39 found that
costs of care did not vary significantly
by treatment arm through 1 year of age.
Although quality-adjusted survival was
slightly better with iNO therapy, the
estimated incremental cost-effectiveness
ratio was $2.25 million per quality-
adjusted life year, with only a 12.9%
probability that the incremental cost-
effectiveness ratio would be less than
$500 000 per quality-adjusted life year.
Additionally, in subgroup analysis, to-
tal costs were significantly higher for
the iNO-treated group in the smallest
birth weight stratum (500–749 g).

SAFETY OF INO USE IN PRETERM
INFANTS

The only information regarding the
safety of iNO use in preterm infants is
derived from the NOCLD trial.46–49 The
limited data suggest that iNO is safe
and does not increase lung inflamma-
tion or oxidative stress.46,48

SUMMARY

1. The results of randomized controlled
trials, traditional meta-analyses,
and an individualized patient data
meta-analysis study indicate that
neither rescue nor routine use of

iNO improves survival in preterm
infants with respiratory failure (Ev-
idence quality, A; Grade of recom-
mendation, strong).50

2. The preponderance of evidence does
not support treating preterm infants
who have respiratory failure with
iNO for the purpose of preventing/
ameliorating BPD, severe intraven-
tricular hemorrhage, or other neona-
tal morbidities (Evidence quality, A;
Grade of recommendation, strong).

3. The incidence of cerebral palsy, neu-
rodevelopmental impairment, or
cognitive impairment in preterm
infants treated with iNO is similar
to that of control infants (Evidence
quality, A).

4. The results of 1 multicenter, ran-
domized controlled trial suggest
that treatment with a high dose of
iNO (20 ppm) beginning in the sec-
ond postnatal week may provide
a small reduction in the rate of
BPD. However, these results need
to be confirmed by other trials.

5. An individual-patient data meta-
analysis that included 96% of pre-
term infants enrolled in all published
iNO trials found no statistically sig-
nificant differences in iNO effect
according to any of the patient-level
characteristics, including gestational
age, race, oxygenation index, postna-

tal age at enrollment, evidence of
pulmonary hypertension, and mode
of ventilation.

6. There are limited data and incon-
sistent results regarding the effects
of iNO treatment on pulmonary out-
comes of preterm infants in early
childhood.
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Elimination of Perinatal Hepatitis B:  
Providing the First Vaccine Dose 
Within 24 Hours of Birth
COMMITTEE ON INFECTIOUS DISEASES, COMMITTEE ON FETUS AND NEWBORN

After the introduction of the hepatitis B vaccine in the United States in 1982, 
a greater than 90% reduction in new infections was achieved. However, 
approximately 1000 new cases of perinatal hepatitis B infection are still 
identified annually in the United States. Prevention of perinatal hepatitis B 
relies on the proper and timely identification of infants born to mothers who 
are hepatitis B surface antigen positive and to mothers with unknown status 
to ensure administration of appropriate postexposure immunoprophylaxis 
with hepatitis B vaccine and immune globulin. To reduce the incidence 
of perinatal hepatitis B transmission further, the American Academy of 
Pediatrics endorses the recommendation of the Advisory Committee on 
Immunization Practices of the Centers for Disease Control and Prevention 
that all newborn infants with a birth weight of greater than or equal to 2000 g 
receive hepatitis B vaccine by 24 hours of age.

abstract

Approximately 1000 new cases of perinatal hepatitis B infection are 
identified annually in the United States.1,  2 Chronic hepatitis B infection 
occurs in up to 90% of infants infected with hepatitis B at birth or in 
the first year of life. When untreated, approximately 25% ultimately 
will die of hepatocellular carcinoma or liver cirrhosis. In the absence of 
postexposure prophylaxis at birth, the risk of perinatal transmission is 
substantial when an infant is born to a mother who is hepatitis B surface 
antigen (HBsAg) positive. The proportion of infants acquiring infection 
in this circumstance ranges from approximately 30% when mothers 
are hepatitis B e antigen (HBeAg) (a marker of infectivity) negative to 
approximately 85% when mothers are HBeAg positive. Because maternal 
HBeAg status frequently is unknown, the true risk to an individual 
newborn infant also generally is unknown. Postexposure prophylaxis 
is highly effective. Hepatitis B vaccine alone is 75% to 95% effective in 
preventing perinatal hepatitis B transmission when given within 24 hours 
of birth.3,  4 When postexposure prophylaxis with both hepatitis B vaccine 
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and is followed by completion of 
the infant hepatitis B immunization 
series, perinatal infection rates 
range from 0.7% to 1.1%.5,  6 These 
findings are the basis for the 
rationale for the current change in 
the recommendation regarding birth 
vaccination.

Prevention of perinatal transmission 
of hepatitis B is part of a national 
strategy for hepatitis B prevention 
that relies on testing all pregnant 
women for hepatitis B infection by 
testing women for HBsAg routinely 
during pregnancy and providing 
appropriate and timely prophylaxis 
to all newborn infants.6 Appropriate 
prophylaxis consists of HBIG and/or  
hepatitis B vaccine, depending on 
the HBsAg status of the mother and 
the weight of the infant (Fig 1). The 
birth dose of hepatitis B vaccine 
is a critical safety net to protect 
infants born to hepatitis B–infected 
mothers not identified at the time 
of birth. The birth dose can prevent 
infection of infants born to infected 
mothers in situations in which the 
mother’s results are never obtained, 
are misinterpreted, are falsely 
negative, are transcribed or reported 
to the infant care team inaccurately, 
or simply not communicated to 
the nursery. The Immunization 
Action Coalition reported greater 
than 500 such errors in perinatal 
hepatitis B prevention from 1999 
to 2002.7 The birth dose also 
provides protection to infants at 
risk from household exposure after 
the perinatal period. For infants 
born to HBsAg-negative mothers, 
the birth dose is the beginning of 
appropriate lifelong prophylaxis. 
Because the consequences of 
perinatally acquired hepatitis B 
are enduring and potentially fatal, 
the safety net of the birth dose is 
critically important. The incidence 
of new hepatitis B infections has 
increased in some states as a result 
of the opioid epidemic in the United 
States, 8 underscoring the urgency 

of improving perinatal prevention 
strategies.

Hepatitis B antiviral therapy now 
is offered during pregnancy to 
hepatitis B–infected women with 
high hepatitis B viral loads. Antiviral 
therapy started from 30 to 32 weeks’ 
gestational age and continued until 
postpartum week 4 in the mother, 
in addition to newborn prophylaxis 
with hepatitis B vaccine and HBIG, 
has been associated with significantly 
reduced rates of perinatal hepatitis 
B virus transmission from highly 
viremic mothers.9 There is no 
evidence, however, that maternal 
antenatal treatment alone without 
infant prophylaxis is sufficient 
to reduce the risk for perinatal 
transmission.10

The US Department of Health 
and Human Services has set a 
goal of 0 perinatal hepatitis B 
transmission in the United States 
by 2020.6 Although 95% of infants 
born to infected women who are 
identified by the Centers for Disease 
Control and Prevention’s Perinatal 
Hepatitis B Prevention Program 
do receive prophylaxis with HBIG 
and hepatitis B vaccine within 12 
hours of birth, the overall hepatitis 
B immunization rate of newborn 
infants is suboptimal.11 In 2005, 
the Centers for Disease Control and 
Prevention’s Advisory Committee on 

Immunization Practices (ACIP) issued 
hepatitis B vaccine recommendations 
that contained permissive language 
around administration of the 
birth dose of hepatitis B vaccine, 
allowing practitioners the option to 
delay this dose.5 By 2014, a quality 
improvement study found that only 
72% of infants received the birth 
dose of hepatitis B vaccine, which is 
less than the Healthy People 2020 
target of 85%.12 In October 2016, 
the ACIP rescinded the permissive 
language and instead stated the 
following: “For all medically stable 
infants weighing greater than or 
equal to 2000 grams at birth and 
born to HBsAg-negative mothers, 
the first dose of vaccine should be 
administered within 24 hours of 
birth. Only single-antigen hepatitis B 
vaccine should be used for the birth 
dose.”13,  14

RECOmmENDATIONS

The American Academy of Pediatrics 
Committee on Infectious Diseases 
and the Committee on Fetus and 
Newborn support removal of 
permissive language for delaying 
the birth dose of hepatitis B vaccine, 
endorse the recommendation 
of the ACIP for giving the birth 
dose within the first 24 hours of 
life in all medically stable infants 

FIGURE 1
Administration of the birth dose of hepatitis B vaccine by maternal HBsAg status.
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weighing greater than or equal to 
2000 g, and provide guidance for 
implementation.15

Vaccine Issues

After completion of a 3- or 4-dose 
hepatitis B vaccine series, 98% 
of healthy term infants achieve 
protective antibody concentrations. 
Protection may be lower in infants 
with birth weights less than 2000 g.5  
The optimal time to perform 
serologic testing to detect a vaccine 
response in infants is 1 to 2 months 
after the final dose of the hepatitis  
B vaccine series. Recommendations 
for postvaccination serologic  
testing of infants born to hepatitis  
B–infected mothers have been 
updated recently.16 For infants born  
to HBsAg-positive mothers, 
postvaccination serologic testing 
by measuring hepatitis B surface 
antibody (anti-HBs) to document 
protection and HBsAg to rule 
out perinatal infection now is 
recommended at 9 to 12 months 
of age instead of 9 to 18 months. 
Infants who are HBsAg negative with 
anti-HBs levels less than 10 mIU/mL 
(nonprotective) require additional 
vaccine doses. The ACIP considered 
revaccination strategies in February 
2017 and recommended that HBsAg-
negative infants with anti-HBs levels 
less than 10 mIU/mL receive a single 
additional dose of hepatitis B vaccine 
and be retested for anti-HBs 1 to  
2 months after that vaccine dose. If 
the anti-HBs level is still less than  
10 mIU/mL, the infant should receive 
2 additional doses of hepatitis B 
vaccine followed by retesting 1 to  
2 months later. Infants with anti-HBs 
levels less than 10 mIU/mL after 2 
3-dose series of hepatitis B vaccine
are nonresponders, and available
data do not suggest benefit from
additional vaccinations. The ACIP
noted that, on the basis of clinical
circumstance or family preference,
HBsAg-negative infants with anti-
HBs levels less than 10 mIU/mL
may be vaccinated instead with a

second complete series followed by 
postvaccination testing 1 to 2 months 
after the final dose.

Hepatitis B vaccine is well tolerated 
in infants.17,  18 Commonly reported 
mild adverse events after hepatitis 
B vaccination in people of all ages 
from postmarketing surveillance 
data include pain (3%–29%), 
erythema (3%), swelling (3%), fever 
(1%–6%), and headache (3%). Safety 
of hepatitis B vaccines has been 
examined extensively; no evidence 
of a causal association between 
receipt of hepatitis B vaccine and 
neonatal sepsis or death, rheumatoid 
arthritis, Bell’s palsy, autoimmune 
thyroid disease, hemolytic anemia 
in children, anaphylaxis, optic 
neuritis, Guillain-Barré syndrome, 
sudden-onset sensorineural 
hearing loss, or other chronic 
illnesses has been demonstrated 
through analysis of data from the 
Vaccine Safety Datalink.5 Perinatal 
hepatitis B–prevention strategies 
are considered cost-effective, with a 
cost-effectiveness ratio of $2600 per 
quality-adjusted life-year.19

Implementation

The following are key steps 
for implementing appropriate 
administration of the birth dose of 
hepatitis B vaccine (see also Fig 1):

 • Identify HBsAg-positive mothers
before delivery and document
maternal HBsAg status in infant
records;

 • Resolve unknown HBsAg status
of mothers as soon as possible
around delivery, and document
maternal status in infant records;

 • For all infants born to HBsAg-
positive mothers, administer
both hepatitis B vaccine and
HBIG within 12 hours of birth,
regardless of any maternal
antenatal treatment with antiviral
medications;

 • For all infants with birth weight
greater than or equal to 2000 g
born to HBsAg-negative mothers,

administer hepatitis B vaccine as 
a universal routine prophylaxis 
within 24 hours of birth;

 • For all infants with birth weight
less than 2000 g born to HBsAg-
negative mothers, administer
hepatitis B vaccine as a universal
routine prophylaxis at 1 month
of age or at hospital discharge
(whichever is first);

 • For all infants born to HBsAg-
unknown mothers, administer
hepatitis B vaccine within 12 hours
of birth, and:

⚬ For infants with birth weight
greater than or equal to 2000
g, administer HBIG by 7 days
of age or by hospital discharge
(whichever occurs first) if
maternal HBsAg status is
confirmed positive or remains
unknown;

⚬ For infants with birth weight
less than 2000 g, administer
HBIG by 12 hours of birth
unless maternal HBsAg status is
confirmed negative by that time;

 • Document infant vaccination
accurately in birth hospital records
and in the appropriate CDC
Immunization Information Systems
and state immunization registry. 
Review documentation accuracy
periodically and address identified
errors; and

 • Develop procedures to educate all
personnel involved in newborn
care about recommendations
for the birth dose of hepatitis B
vaccine, including those personnel
who provide care at planned home
births.
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TECHNICAL REPORT

Epidemiology and Diagnosis of Health
Care–Associated Infections in the NICU

abstract
Health care−associated infections in the NICU are a major clinical
problem resulting in increased morbidity and mortality, prolonged
length of hospital stays, and increased medical costs. Neonates are
at high risk for health care−associated infections because of impaired
host defense mechanisms, limited amounts of protective endogenous
flora on skin and mucosal surfaces at time of birth, reduced barrier
function of neonatal skin, the use of invasive procedures and devices,
and frequent exposure to broad-spectrum antibiotics. This statement
will review the epidemiology and diagnosis of health care−associated
infections in newborn infants. Pediatrics 2012;129:e1104–e1109

INTRODUCTION

Health care−associated infections are infections acquired in the
hospital while receiving treatment of other conditions. They are
common occurrences in patients of all ages and are estimated to
result in 2 million infections, 90 000 deaths, and $28 to $45 billion in
excess health care costs annually.1,2 In the Pediatric Prevention Net-
work national point prevalence survey, 11.2% of NICU patients had
a health care−associated infection on the day of the survey.3 Although
there are no recent estimates of the cost of health care−associated
infections in the NICU, Payne et al4 estimated that health care–associated
bloodstream infections added almost $100 million to the cost of
treating infants with birth weights from 500 to 1499 g in 1999 dollars.
Because this finding represented the excess costs associated with
only one type of infection in one gestational age cohort, it provides
just a glimpse of the financial impact of health care−associated
infections in the NICU. This financial estimate does not include the
potential morbidity and mortality concerns for the infant and the
effect that the prolonged hospital stay has on the family and resource
utilization within the hospital. Reducing health care−associated
infections in the NICU would have benefits to infants, families, and the
health care delivery system. The purpose of this technical report was
to review the epidemiology and diagnosis of health care–associated
infections in the NICU. A companion policy statement addresses
strategies for the prevention of health care–associated infections.

EPIDEMIOLOGY

Newborn infants hospitalized in a NICU have host factors that not only
make them more vulnerable to acquisition of health care–associated
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Data describing the epidemiology and
incidence of health care–associated
infections in NICUs can be obtained
from 4 sources: (1) the National Health-
care Safety Network (previously known
as the National Nosocomial Infections
Surveillance system) at the Centers for
Disease Control and Prevention (CDC);
(2) the Pediatric Prevention Network at
the National Association of Children’s
Hospitals and Related Institutions; (3)
the Vermont Oxford Network; and (4)
the National Institute for Child Health
and Human Development Neonatal Re-
search Network.

In addition to preterm birth,6,7 risk
factors associated with an increased
rate of health care–associated infec-
tions include the presence of invasive
devices (intravascular catheters, en-
dotracheal tubes, orogastric tubes,
urinary catheters, and drains), exposure
to broad-spectrum antibiotic agents,
parenteral nutrition,8 overcrowding and
poor staffing ratios, administration of
steroids and histamine2-receptor antag-
onists, and acuity of underlying illness.
Furthermore, the lower the birth weight,
the more invasive technology is used.6,7

Parenteral nutrition is commonly ad-
ministered to the sickest infants
through central venous catheters or
peripherally inserted central cathe-
ters. The relationship between central
line use and increased risk of infection
has been demonstrated in multiple
studies9–11; administration of lipids
may be an independent risk factor for
bacterial or fungal sepsis.10

The most common type of health care–
associated infection within the NICU is
a catheter-associated bloodstream in-
fection.3 Within the first 30 days after
birth, coagulase-negative Staphylococcus
species, Staphylococcus aureus, En-
terococcus species, and Gram-negative
enteric bacteria are the most com-
mon etiologic agents. After 30 days of
age, coagulase-negative Staphylococ-
cus species remain the most common

pathogens; however, fungi, particularly
Candida species and Malassezia furfur,
have been noted with increasing fre-
quency.3 Central-line−related infec-
tions are, in large part, a result of
problems with poor technique at the
time of placement and ongoing care of
the catheter site. Data suggest that the
hub is a common source of contami-
nation and subsequent infection.12 Not
surprisingly, the occurrence of catheter-
associated bloodstream infections is
highly related to the duration of cathe-
ter use and the number of times the
catheter or hub is entered or opened.

Health care–associated lower respir-
atory tract infections and ventilator-
associated pneumonia are of extreme
importance for hospitalized infants
because of their frequency and poten-
tial severity. Health care–associated
pneumonia represents 6.8% to 32.3%
of health care–associated infections in
the NICU and is the second most fre-
quent hospital-acquired infection in
critically ill neonates.7,13,14 The most
recent National Healthcare Safety Net-
work data indicate a pooled mean rate
of ventilator-associated pneumonia
from 0.7 to 2.2 per 1000 ventilator
days.7 However, rates varied among
NICUs, with 90% of NICUs reporting
rates between 2.1 and 7.3 per 1000
ventilator days. Variations in incidence
likely reflect, in part, difficulty in making
this diagnosis in infants with chronic
lung disease. As with most health care–
associated infections, birth weight and
gestational age correlate inversely with
the incidence of ventilator-associated
pneumonia. Many of the risk factors
for the development of health care–
associated pneumonia in NICU pa-
tients are similar to those previously
identified in adult patients, such as
prolonged duration of mechanical
ventilation, severe underlying car-
diopulmonary disease, prolonged in-
travenous alimentation, and previous
thoracoabdominal surgery.

infections but also increase their risk 
of developing more serious illnesses. 
Whether an infant is born preterm or at 
term, many components of their innate 
and adaptive immune systems exhibit 
diminished function when compared 
with older children and adults. Infants 
with birth weights less than1500 g (very 
low birth weight) have rates of health 
care–associated infections 3 times 
higher than those who weigh greater 
than 1500 g at birth. However, the in-
creased susceptibility to infection in 
infants of very low birth weight is 
multifactorial and related to both the 
developmental deficiencies in the innate 
and adaptive immune systems and 
a greater likelihood of a critical illness 
requiring invasive monitoring and pro-
cedures. Furthermore, the immunologic 
deficiencies can be exacerbated by the 
critical nature of many of the illnesses 
affecting newborn infants.5

Colonization of mucous membranes 
and the skin occurs rapidly after birth. 
Newborn infants delivered vaginally 
are colonized with maternal bacteria 
acquired from the birth canal. In most 
instances, those organisms do not 
cause invasive disease; however, in 
critically ill newborn infants, this col-
onization can potentially lead to sys-
temic infection when skin or mucosal 
surfaces are compromised. The stra-
tum corneum of the skin is poorly 
developed before 26 weeks’ gestation, 
and ill neonates are at increased risk 
of developing skin and mucosal injury 
(eg, by suctioning or invasive proce-
dures), allowing invasive bacteria ac-
cess to deeper tissues or vascular 
spaces. Furthermore, mucosal surfaces 
and skin of infants  in the NICU are  
more likely to be colonized with Gram-
negative enteric rods, staphylococci, 
enterococci, and Candida species. NICU-
acquired microbes are more likely to 
be pathogenic and resistant because of 
frequent exposure of hospitalized in-
fants to antibiotic agents.
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Most bacterial health care–associated
lower respiratory tract infections occur
by aspiration of bacteria that colonize
the oropharynx or the upper gastroin-
testinal tract. On rare occasions, health
care–associated pneumonias may re-
sult from contiguous spread or a pri-
mary infection at a distant site. Under
normal circumstances, the filtration
system of the upper airway and the
mucociliary clearance system of the
large airways protect the lower re-
spiratory tract from bacteria that may
be present in the patient’s environment
or that reside in the upper respiratory
tract. Endotracheal tubes bypass these
initial host barrier defense mecha-
nisms, providing direct access of bac-
teria and other pathogens to the lower
respiratory tract. Uncuffed endotra-
cheal tubes provide even easier access
of microorganisms to the lower re-
spiratory tract.15–17 The aspiration of
contaminated materials may be obvi-
ous or, more commonly, may be sub-
clinical.15–18 By using pepsin as a
marker for aspiration, microaspiration
has been detected in up to 92.8% of
ventilated neonates.18,19 Methylxanthi-
nes and bronchopulmonary dysplasia
increase the frequency of microas-
piration. Microaspiration is also more
frequent in infants with severe bron-
chopulmonary dysplasia compared
with those with moderate broncho-
pulmonary dysplasia.18,19 Neonates who
have either impaired swallowing me-
chanisms or anatomic abnormalities
that prevent adequate protection of
their airway are also at increased risk
of aspiration.15,16,20

Dense bacterial polysaccharide biofilm
can coat the endotracheal tubes, and
polymicrobial flora become embedded
into this film. Endotracheal suction-
ing can dislodge these aggregates of
bacteria, providing a large bacterial
inoculum directly into lower airways.
Nasal continuous positive airway pres-
sure (CPAP) does not bypass many of

the protective barriers, does not re-
quire endotracheal suctioning, and
reduces mechanical disruption of re-
spiratory mucosa. This likely explains
the lower risk of health care–associated
pneumonia in neonates using nasal
CPAP versus those treated with endo-
tracheal intubation (1.8 vs 12.8 per
1000 nasal CPAP or ventilator days).21

However, CPAP has been associated
with an increased risk of Gram-negative
infections.22

Skin and soft tissue infections are
commonly observed in NICU patients.
Neonates, especially those born pre-
term, have fragile skin, which is easily
traumatized. Cellulitis, abscesses, and
skin abrasions are frequently noted at
sites of percutaneous puncture (lan-
cets and scalp electrodes), in diaper
or bandage areas, and at surgical in-
cision sites. S aureus is by far the most
common microorganism responsible
for all skin and soft tissue infections in
the NICU. The recent emergence of
methicillin-resistant S aureus, both
endemic health care–associated and
community-associated strains, has
made management of these infections
complicated. Gram-negative enteric
rods and yeasts are less commonly
associated with skin and soft tissue
infections than S aureus, but they are
associated with surgical procedures,
particularly those affecting the gastro-
intestinal tract.

DIAGNOSIS OF CENTRAL LINE–
ASSOCIATED BLOODSTREAM
INFECTIONS

The presence of a central venous
catheter is a major risk factor for
bloodstream infection. Coagulase-
negative staphylococci are respon-
sible for nearly 50% of catheter-related
bloodstream infections. Other patho-
gens include Gram-negative organisms
(∼20%), S aureus (4% to 9%), Entero-
coccus species (3% to 5%), and Candida
species (∼10%).23 Coagulase-negative

staphylococci are skin commensals;
therefore, interpretation of a blood
culture result positive for this organ-
ism is difficult. The diagnosis is made
even more problematic by the non-
specific signs of sepsis in the neonate.
It is noteworthy that the databases of
the National Healthcare Safety Net-
work, Vermont Oxford Network, and
the National Institute for Child Health
and Human Development Network
include infants with a single posi-
tive blood culture and clinical signs
as “proven cases” of central line−
associated bloodstream infection.
Although many experts recommend ob-
taining both central line and peripheral
blood cultures when evaluating neo-
natal patients for central line−associated
bloodstream infection, a single blood
culture sample is commonly obtained.
In those situations, it may be difficult
to determine whether the coagulase-
negative Staphylococcus is the re-
sponsible pathogen or a contaminant,
and the clinician will need to make
a judgment on the basis of the labo-
ratory data and response to treat-
ment. The Infectious Diseases Society
of America recommends that paired
samples be drawn from the catheter
and a peripheral vein (level of evi-
dence: A-II).24 Although this action may
not be possible for all neonates, paired
samples should be obtained whenever
feasible. Neonates with a suspected
central line−associated bloodstream
infection should be treated with broad-
spectrum antibiotic agents to cover
both Gram-positive and Gram-negative
pathogens. An algorithm for interpre-
ting a positive blood culture result
for coagulase-negative staphylococci is
shown in Fig 1.

DIAGNOSIS OF HEALTH CARE–
ASSOCIATED PNEUMONIA

Health care–associated pneumonia can
have adverse clinical consequences,
both from the infection itself and from
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setting may overestimate the true in-
cidence of health care–associated
pneumonia. Infants with atelectasis,
congenital heart disease, broncho-
pulmonary dysplasia, pulmonary hem-
orrhage, pulmonary edema, and surgical
procedures affecting the chest may
have radiographic changes that are
similar to changes seen with pneu-
monia. The National Healthcare Safety
Network and CDC definition requires
at least 48 hours of mechanical ven-
tilation accompanied by new and per-
sistent radiographic infiltrates after
the initiation of mechanical ventila-
tion. In addition to these criteria,
infants younger than 1 year old must
exhibit worsening gas exchange and
at least 3 of the following: (1) tem-
perature instability with no other rec-
ognized cause; (2) leukopenia (white
blood cell count <4000/mm3); (3)
change in the character of sputum or
increased respiratory secretions or
suctioning requirements; (4) apnea,
tachypnea, nasal flaring, or grunting;
(5) wheezing, rales, rhonchi, or cough;
or (6) bradycardia (<100 beats/min)
or tachycardia (>170 beats/min).25

Baltimore,26 however, has pointed out
that the CDC definitions were de-
veloped for epidemiologic surveillance
and have not been validated for clinical
diagnosis.

Laboratory tests, such as Gram stain or
bacterial culture, documenting the pres-
ence of inflammation and pathogenic
microorganisms in lower respiratory

tract secretions may be helpful in
establishing the presence of a health
care–associated lower respiratory tract
infection. However, in most cases, pres-
ence of bacteria in specimens obtained
by suctioning the endotracheal tube
represents colonization rather than an
invasive infection, even when the cul-
ture is obtained immediately after in-
tubation. In addition, the correlation
between culture results obtained from
endotracheal suction specimens and
those from samples obtained directly
from the lungs, pleural cavity, or blood
is poor.27,28

When it is likely that a health care–
associated bacterial pneumonia is
present, a number of procedures
can assist in establishing the etio-
logic agent. A Gram stain of a speci-
men obtained by suctioning through
the endotracheal tube can provide evi-
dence of an inflammatory (and poten-
tially infectious) process in the lower
respiratory tract.29 The presence of an
abundance of polymorphonuclear neu-
trophils or a significant increase in
polymorphonuclear neutrophils from
a previous Gram stain of the same
secretions, regardless of the presence
of a predominant bacterial organism, is
supportive evidence that pneumonia is
present but also may represent tra-
cheitis. The presence of a single or-
ganism obtained by culture that is
consistent with an organism identified
on the Gram stain increases the likeli-
hood that this agent is causally related
to the health care–associated bacterial
pneumonia.29

Numerous efforts have been made to
develop techniques for obtaining
specimens from the lower respiratory
tract that can identify the bacteria re-
sponsible for the health care–associated
pneumonia without interference by
upper airway contamination. Transtra-
cheal aspiration, transthoracic needle
aspiration and biopsy, and bronchoscopy
have been used in older children and

FIGURE 1
Algorithm for interpreting a positive blood culture result for coagulase-negative staphylococci (CONS).

its therapies. Health care–associated 
pneumonias in infants may result in 
increased exposure to broad-spectrum 
antibiotic agents, need for reintuba-
tion, increased duration of assisted 
ventilation, increased length and cost 
of hospitalization, secondary infections 
including sepsis, and even death.
The optimal method of diagnosing 
health care–associated pneumonia in 
neonates remains to be established. 
In neonates with underlying pulmonary 
disease, it may be difficult to differ-
entiate between preexisting lung dis-
ease and health care–associated 
pneumonia or tracheitis. In general, the 
diagnosis of health care–associated 
pneumonia is made on the basis of 
evidence of respiratory decompen-
sation with new and persistent infil-
trates on a chest radiograph. Clinical 
signs suggesting that a health care–
associated bacterial pneumonia has 
developed in an infant receiving me-
chanical ventilation include changes 
in the patient’s respiratory status that 
are unexplained by other events and 
a significant increase in the quantity 
and quality of respiratory secretions. 
However, signs such as fever, leuko-
cytosis, and changes in the quality and 
quantity of tracheobronchial secre-
tions may occur for reasons other 
than the development of a health care–
associated lower respiratory tract 
infection. Unfortunately, relying on clini-
cal changes and chest radiographic 
findings for the diagnosis in a NICU
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adults to obtain samples directly from
the lower respiratory tract, but these
procedures are generally contraindi-
cated in neonates. Moreover, there is
a high rate of false-positive results in
children who have underlying pulmo-
nary conditions that might be confused
with pneumonia by their clinical and
radiographic appearances.

Bronchoalveolar lavage is a reliable
method for obtaining lower respira-
tory tract secretion samples in older
children and adults.30–32 However, its
role in diagnosing ventilator-associated
pneumonia in older children and
adults has not been established, and
experience in preterm infants is lim-
ited. In intubated neonates, tracheal
aspirates may provide information
similar to that which can be obtained
by bronchoalveolar lavage. However,
for neonates with rapidly progressing
lower respiratory tract disease or in
whom a diagnosis is not established
with routine tracheal aspirate, a bron-
choalveolar lavage may be indicated (if
technically feasible).33–35 The aspirated
fluid can be centrifuged, and the pellet
can be examined immediately for bac-
teria (Gram stain or acridine orange)
and fungi (KOH or Calcofluor). Cultures
and other molecular diagnostic test-
ing (eg, direct fluorescent antibody
assay, polymerase chain reaction
assay) can be performed for aerobic
bacteria, fungi, and viruses. The dif-
ferential count of white blood cells
from bronchoalveolar lavage fluid
may also be helpful. Infants with
bacterial or fungal infections are
more likely to have a high proportion
of granulocytes in bronchoalveolar
lavage fluid.33,36

Isolation of the same bacterial path-
ogen from the blood and the lower
respiratory tract usually confirms that
this organism is the agent responsible
for the health care–associated pneu-
monia. However, only approximately
2% to 5% of patients with health care–
associated bacterial pneumonia have
positive blood cultures.36
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CLINICAL REPORT

Guidance on Management of Asymptomatic Neonates
Born to Women With Active Genital Herpes Lesions

abstract
Herpes simplex virus (HSV) infection of the neonate is uncommon, but
genital herpes infections in adults are very common. Thus, although
treating an infant with neonatal herpes is a relatively rare occurrence,
managing infants potentially exposed to HSV at the time of delivery
occurs more frequently. The risk of transmitting HSV to an infant dur-
ing delivery is determined in part by the mother’s previous immunity
to HSV. Women with primary genital HSV infections who are shedding
HSV at delivery are 10 to 30 times more likely to transmit the virus to
their newborn infants than are women with recurrent HSV infection
who are shedding virus at delivery. With the availability of commer-
cial serological tests that reliably can distinguish type-specific HSV
antibodies, it is now possible to determine the type of maternal
infection and, thus, further refine management of infants delivered
to women who have active genital HSV lesions. The management
algorithm presented herein uses both serological and virological
studies to determine the risk of HSV transmission to the neonate
who is delivered to a mother with active herpetic genital lesions and
tailors management accordingly. The algorithm does not address the
approach to asymptomatic neonates delivered to women with a his-
tory of genital herpes but no active lesions at delivery. Pediatrics
2013;131:e635–e646

INTRODUCTION

Herpes simplex virus (HSV) infection of the neonate is an uncommon
occurrence, with an estimated 1500 cases diagnosed annually in the
United States from a birth cohort of more than 4 000 000. In contrast,
genital herpes infections in adults are very common. Between 1 in 4
and 1 in 5 adults in the United States has genital herpes caused by
HSV type 2 (HSV-2).1,2 In addition, HSV type 1 (HSV-1) now accounts for
at least 20% and, in some locales, more than 50% of cases of genital
herpes in the United States.3,4 Therefore, managing infants potentially
exposed to HSV at the time of delivery is not uncommon, and pre-
vention of the devastating outcomes of neonatal HSV disease is par-
amount.

Current recommendations for the management of infants after intra-
partum exposure are based on expert opinion, because a randomized
controlled trial to determine whether an exposed neonate should be
treated would be unethical. However, the existing recommendations do
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not take into account recent information
correlating risk of transmission with
type of maternal infection (primary
versus recurrent) at the time of
delivery.5 The algorithm contained
within this American Academy of
Pediatrics (AAP) clinical report for the
diagnostic and therapeutic approach
to the neonate with known potential
exposure to HSV during the perinatal
period incorporates the most current
scientific understanding of the biology,
epidemiology, and pathology of HSV
infection and disease.

TERMINOLOGY OF HSV INFECTION
AND DISEASE

When an individual with no HSV-1 or
HSV-2 antibody acquires either virus in
the genital tract, a first-episode primary
infection results. If a person with pre-
existing HSV-1 antibody acquires HSV-2
genital infection (or vice versa), a first-
episode nonprimary infection ensues.
Viral reactivation from latency and
subsequent antegrade translocation of
virus back to skin and mucosal surfaces
produces a recurrent infection.

Genital HSV infection can be either
clinically apparent (eg, genital lesions)
or inapparent (asymptomatic, or sub-
clinical). Transmission to the neonate at
the time of birth can occur with either
presentation.

The distinction between neonatal HSV
infection and neonatal HSV disease
warrants discussion. Infection occurs
when viral replication has been estab-
lished, but the virus is not causing
illness. Disease occurs when viral rep-
lication produces clinical signs of illness
(eg, skin lesions, encephalitis, hepatitis).
Once an infant is infected with HSV,
progression to neonatal HSV disease is
virtually certain. In an effort to prevent
this progression from neonatal infec-
tion to neonatal disease, experts have
recommended for many years that
parenteral acyclovir be administered
preemptively to HSV-infected neonates.6

RISK OF MATERNAL INFECTION
DURING PREGNANCY

Recurrent infections are the most com-
mon form of genital HSV during preg-
nancy.7 Approximately 10% of HSV-2–
seronegative pregnant women have an
HSV-2–seropositive sexual partner and,
thus, are at risk for contracting a pri-
mary HSV-2 infection during the preg-
nancy8 and transmitting the virus to
their infants during delivery. Approxi-
mately one-fifth to one-third of women
of childbearing age are seronegative
for both HSV-1 and HSV-2,9,10 and,
among discordant couples, the chance
that a woman will acquire either virus
during pregnancy is estimated to be
3.7%.11 For women who are already
seropositive for HSV-1, the estimated
chance of HSV-2 acquisition during the
pregnancy is 1.7%.11 Approximately two-
thirds of women who acquire genital
herpes during pregnancy remain
asymptomatic and have no symptoms
to suggest a genital HSV infection.11

This is consistent with the finding that
60% to 80% of women who deliver an
HSV-infected infant have a clinically
unapparent genital HSV infection at the
time of delivery and have neither a
past history of genital herpes nor a
sexual partner reporting a history of
genital HSV.12–14

RISK OF NEONATAL HSV INFECTION

HSV infection of the newborn infant is
acquired during 1 of 3 distinct times:
intrauterine (in utero), intrapartum
(perinatal), and postpartum (postnatal).
The time of transmission of HSV-1 or
HSV-2 for the overwhelming majority of
infected infants (∼85%) is in the intra-
partum period. An additional 10% of
infected neonates acquire HSV-1 post-
natally from either a maternal or non-
maternal source, and the final 5% are
infected with HSV-2 or HSV-1 in utero.
Five factors known to influence trans-
mission of HSV from mother to neonate
are:

1. Type of maternal infection (primary
versus recurrent)5,15–18;

2. Maternal HSV antibody status5,14,19,20;

3. Duration of rupture of membranes18;

4. Integrity of mucocutaneous bar-
riers (eg, use of fetal scalp electro-
des)5,21,22; and

5. Mode of delivery (cesarean versus
vaginal delivery).5

Infants born to mothers who have
a first episode of genital HSV infection
near term and are shedding virus at
delivery are at much greater risk of
developing neonatal herpes than are
infants whose mothers have recurrent
genital herpes (Fig 1).5,15–18

The largest assessment of the influence
of type of maternal infection on likelihood
of neonatal transmission is a land-
mark study involving almost 60 000
women in labor who did not have
clinical evidence of genital HSV dis-
ease, approximately 40 000 of whom
had cultures performed within 48 hours
of delivery (Fig 1).5 Of these, 121 women
were identified who were asymptomat-
ically shedding HSV and who had sera
available for analysis. In this large trial,
57% of infants delivered to women with
first-episode primary HSV infection de-
veloped neonatal HSV disease, com-
pared with 25% of infants delivered
to women with first-episode nonprimary
infection and 2% of infants delivered
to women with recurrent HSV disease
(Fig 1).5

CLINICAL MANIFESTATIONS OF
NEONATAL HSV DISEASE

HSV infections acquired either intra-
partum or postpartum can be classi-
fied as: (1) disease involving multiple
visceral organs, including lung, liver,
adrenal glands, skin, eye, and/or brain
(disseminated disease); (2) central
nervous system (CNS) disease, with or
without skin lesions (CNS disease); and
(3) disease limited to the skin, eyes,
and/or mouth (skin, eye, mouth [SEM]
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potential limitation of the PCR assay
at the current time relates to its
availability in all clinical settings; some
smaller or more remote medical fa-
cilities have limited or no access to
laboratories offering this technology. At
many tertiary care centers, PCR assay
results may be available within a day,
whereas it takes 2 to 5 days for HSV to
grow in viral culture. Typing of an HSV
culture isolate or PCR assay product to
determine if it is HSV-1 or HSV-2 can be
accomplished by one of several tech-
niques. The reliability of viral culture
depends on the stage of the episode,
with higher quantities of virus being
present during the prodromal and ve-
sicular stages than during crusting.30

Antigen detection methods are available
commercially but may not distinguish
HSV-1 from HSV-2 and are not recom-
mended by the Centers for Disease
Control and Prevention for the diagnosis
of genital herpes.

Before the year 2000, commercially
available serological assays were unable
to distinguish between HSV-1 and HSV-2
antibodies, severely limiting their utility.
Over the past decade, a number of type-
specific serological assays that reliably
distinguish between immunoglobulin G
(IgG) directed against HSV-1 and HSV-2

have been approved by the US Food and
Drug Administration (Table 1). Many of
these products are sold in kits that are
used by clinical laboratories throughout
the United States. Several additional
tests that claim to distinguish between
HSV-1 and HSV-2 antibody are available
commercially, but high cross-reactivity
rates attributable to their use of crude
antigen preparations limit their utility,31

and their use is not recommended.

DIAGNOSIS OF NEONATAL HSV
DISEASE

Isolation of HSV by culture remains the
definitive diagnostic method of estab-
lishing neonatal HSV disease. If skin
lesions are present, a scraping of the
vesicles should be transferred in ap-
propriate viral transport media on
ice to a diagnostic virology laboratory.6

Other sites from which specimens
should be obtained for culture of HSV
include the conjunctivae, mouth, naso-
pharynx, and rectum (“surface cul-
tures”).6 Specimens for viral culture
from mucosal body sites may be com-
bined before inoculating in cell culture
to decrease costs, because the impor-
tant information gathered from such
cultures is the presence or absence of
replicating virus rather than its pre-
cise body site. The sensitivity of PCR
assay on surface specimens has not
been studied; if used, surface PCR as-
say should be performed in addition to
(and not instead of) the gold-standard
surface culture. Rapid diagnostic tech-
niques also are available, such as direct
fluorescent antibody staining of vesicle
scrapings or enzyme immunoassay de-
tection of HSV antigens. These techniques
are as specific but slightly less sensitive
than culture.

The diagnosis of neonatal HSV CNS
disease has been greatly enhanced by
PCR testing of cerebrospinal fluid
(CSF) specimens,32–38 and PCR assay
is now the method of choice for doc-
umenting CNS involvement in an infant

FIGURE 1
Type of maternal infection and risk of HSV transmission to the neonate.5

disease). This classification system is 
predictive of both morbidity and mor-
tality.23–27 Neonates with disseminated 
and SEM HSV disease typically present 
for medical attention at 10 to 12 days 
of age, whereas infants with CNS dis-
ease typically present at 17 to 19 days 
of age.24 Overall, approximately half of 
all infants with neonatal HSV disease 
will have CNS involvement (CNS dis-
ease or disseminated disease with CNS 
involvement), and approximately 70%
will have characteristic vesicular skin 
lesions (SEM disease, 83%; CNS disease, 
63%; disseminated disease, 58%).24

DIAGNOSIS OF GENITAL HSV 
DISEASE

HSV can be detected from genital lesions 
by polymerase chain reaction (PCR) 
assay, viral culture, or antigen detection. 
Of these, PCR assay or viral culture are 
the testing modalities recommended by 
the Centers for Disease Control and 
Prevention for the diagnosis of genital 
HSV lesions.28 The sensitivity of viral 
culture from genital lesions is low, 
especially for recurrent infection, and 
declines rapidly as lesions begin to 
heal. PCR assays for HSV DNA are more 
sensitive and are increasingly used 
for the diagnosis of genital HSV.28,29 A
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suspected of having HSV disease. How-
ever, PCR assay of CSF should only be
performed in conjunction with HSV
surface cultures, given that up to 40%
of infants with disseminated disease
will not have CNS involvement, and, by
definition, no infants with SEM disease
will have CNS involvement. The sensi-
tivity of CSF PCR testing in neonatal HSV
disease ranges from 75% to 100%.33,36,38

PCR analysis of CSF also should play
a role in determining the duration of
antiviral therapy, because available
data suggest that having HSV DNA
detected in CSF at or after completion
of intravenous therapy is associated
with poor outcomes.36,37 All infants with
a positive CSF PCR assay result for HSV
DNA at the beginning of antiviral therapy
should have a repeat lumbar puncture
near the end of treatment to determine
that HSV DNA has been cleared from the
CNS.24 Infants whose PCR assay result
remains positive should continue to re-
ceive intravenous antiviral therapy until
the CSF PCR assay result is negative.24,36

Application of PCR testing to blood
specimens from infants with suspected
HSV disease appears promising,37–42

and, in the 2012 Red Book,6 PCR assay
of blood has been added to the labora-
tory evaluation for neonatal HSV dis-
ease. Data are insufficient at the current
time to allow the use of serial PCR
assays of blood to establish response to
antiviral therapy or to guide decisions
about the duration of therapy.

Serological testing is not helpful in the
diagnosis of neonatal HSV infection, be-
cause transplacentally acquired mater-
nal HSV IgG is present in most infants,
given the substantial proportions of the
adult American population who are HSV-
1 and/or HSV-2 seropositive.

PREVENTION OF NEONATAL HSV
DISEASE

Cesarean delivery in a woman with
active genital lesions can reduce the
infant’s risk of acquiring HSV.5,18 InTA
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shedding HSV at delivery are 10 to 30
times more likely to transmit the virus
to their newborn infants than women
with a recurrent infection.5 The in-
creased risk is attributable both to
lower concentrations of transplacental
HSV-specific antibodies (which also are
less reactive to expressed polypeptides)
in women with primary infection19 and
to the higher quantities of HSV that are
shed for a longer period of time in the
maternal genital tract in comparison
with women who have recurrent genital
HSV infection.54 However, a substantial
percentage of women with first clinical
episodes of symptomatic genital herpes
actually are experiencing reactivation of
a previously unrecognized genital her-
petic infection.55 Thus, to tailor
management of exposed neonates ac-
cording to their degree of risk, one
must distinguish primary versus re-
current maternal HSV infection in a
manner that relies on more than just
the history, or lack thereof, of genital
herpes in the woman or her partner
(s). Ideally, detection of HSV DNA from
genital swabs obtained from women in
labor would identify both symptomatic
and asymptomatic HSV shedding, al-
lowing for focused management of
only those infants who are exposed;
however, the technology to accomplish
this on a broad scale is not readily
available commercially at this time.

With the approval of commercially
available serological tests that can re-
liably distinguish type-specific HSV anti-
bodies (Table 1), the means to further
refine management of asymptomatic
neonates delivered to women with ac-
tive genital HSV lesions is now possible.
The algorithm detailed in Figs 2 and 3
applies only to asymptomatic neonates
after vaginal or cesarean (because ce-
sarean delivery reduces but does not
eliminate the risk of neonatal HSV
disease) delivery to women with active
genital HSV lesions. It is intended to
outline 1 approach to the management

of these infants and may not be feasible
in settings with limited access to PCR
assays for HSV DNA or to the newer
type-specific serological tests. If, at any
point during the evaluation outlined
in the algorithm, an infant develops
symptoms that could possibly indicate
neonatal HSV disease (fever, hypother-
mia, lethargy, irritability, vesicular rash,
seizures, etc), a full diagnostic evalua-
tion should be undertaken, and in-
travenous acyclovir therapy should be
initiated. In applying this algorithm, ob-
stetric providers and pediatricians
likely will need to work closely with
their diagnostic laboratories to ensure
that serological and virological testing
is available and turnaround times are
acceptable. In situations in which this
is not possible, the approach detailed
in the algorithm will have limited, and
perhaps no, applicability.

TESTING OF WOMEN IN LABOR

Women in labor with visible genital
lesions that are characteristic of HSV
should have the lesions swabbed for
HSV PCR and culture (AI). Any positive
test result then requires further anal-
ysis to determine if the virus is HSV-1
or HSV-2. Correlation of viral type with
serological status allows for determi-
nation of maternal infection classifica-
tion (Table 2).

Management of Asymptomatic
Neonates After Vaginal or Cesarean
Delivery to Women With Lesions at
Delivery and History of Genital HSV
Preceding Pregnancy

For women with a history of genital
herpes preceding the pregnancy, the
likelihood that the current outbreak
represents reactivation of latent HSV is
high, and, therefore, the likelihood of
transmission to the infant is low (2%).
Skin and mucosal specimens (con-
junctivae, mouth, nasopharynx, and
rectum, and scalp electrode site, if
present) should be obtained from the

1999, the American College of Obste-
tricians and Gynecologists updated its 
management guidelines for genital 
herpes in pregnancy.43 To reduce the 
risk of neonatal HSV disease, cesarean 
delivery should be performed if genital 
HSV lesions or prodromal symptoms 
are present at the time of delivery. 
Neonatal HSV infection has occurred 
despite cesarean delivery performed 
before the rupture of membranes.12,44

In women with a previous diagnosis of 
genital herpes, cesarean delivery to 
prevent neonatal HSV infection is not 
indicated if there are no genital lesions 
at the time of labor. In an effort to 
reduce cesarean deliveries performed 
for the indication of genital herpes, the 
use of oral acyclovir or valacyclovir 
near the end of pregnancy to suppress 
genital HSV recurrences has become 
increasingly common in obstetric 
practice. Several studies with small 
sample sizes suggest that suppressive 
acyclovir therapy during the last weeks 
of pregnancy decreases the occurrence 
of clinically apparent genital HSV dis-
ease at the time of delivery,45–48 with an 
associated decrease in cesarean de-
livery rates for the indication of genital 
HSV.45,46,49,50 However, because viral 
shedding still occurs (albeit with re-
duced frequency),47,51 the potential for 
neonatal infection is not avoided com-
pletely, and cases of neonatal HSV 
disease in newborn infants of women 
who were receiving antiviral suppres-
sion recently have been reported.52,53

ALGORITHM FOR MANAGEMENT OF 
ASYMPTOMATIC NEONATES BORN 
VAGINALLY OR BY CESAREAN 
DELIVERY TO WOMEN WITH ACTIVE 
GENITAL HSV LESIONS
(FIGS 2 AND 3)
The risk of transmitting  HSV to the  
newborn infant during delivery is influ-
enced directly by the mother’s previous  
immunity to HSV; women who have 
primary genital HSV infections who are
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neonate for culture (and PCR assay, if
desired) at approximately 24 hours
after delivery (BII), and blood should
be sent for HSV DNA PCR assay. Acy-
clovir need not be started as long as
the infant remains asymptomatic (BIII).

The importance of waiting until ap-
proximately 24 hours after delivery to
obtain virological studies is based on
the fact that a positive virological test
result at that point represents actively
replicating virus on the infant’s mucosa,

whereas a positive test result shortly
after birth could reflect only transient
maternal contamination that may not
lead to replication with resulting neo-
natal HSV disease.56 It is permissible to
discharge an asymptomatic infant after

FIGURE 2
Algorithm for the evaluation of asymptomatic neonates after vaginal or cesarean delivery to women with active genital herpes lesions. ALT, alanine
aminotransferase; D/C, discontinue.
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48 hours of negative HSV cultures (and
negative PCR assay results) if other dis-
charge criteria have been met, there
is ready access to medical care, and
a person who is able to comply fully with
instructions for home observation will be
present (BIII). If any of these conditions is
not met, the infant should be observed in
the hospital until HSV cultures are final-
ized as negative or are negative for 96
hours after being set up in cell culture,
whichever is shorter.

If the surface and blood virological
study results are negative at 5 days,
the infant should be evaluated if signs
or symptoms of neonatal HSV disease
develop during the first 6 weeks of life
(AII). Conversely, if the surface and
blood virological study results become
positive, thus confirming neonatal HSV
infection, the infant should undergo
a complete evaluation (lumbar puncture
with CSF sent for indices and HSV DNA
PCR assay, in addition to serum alanine

transaminase) to determine the extent
of disease, and intravenous acyclovir
should be initiated as soon as possible.
If the evaluation findings are normal,
indicating that the neonate has HSV
infection but that it has not yet pro-
gressed to HSV disease, the infant
should be treated empirically with in-
travenous acyclovir for 10 days to
prevent progression from infection to
disease (preemptive therapy) (BIII). If
the evaluation findings are abnormal,

FIGURE 3
Algorithm for the treatment of asymptomatic neonates after vaginal or cesarean delivery to women with active genital herpes lesions. ALT, alanine
aminotransferase; D/C, discontinue.

TABLE 2 Maternal Infection Classification by Genital HSV Viral Type and Maternal Serologya

Classification of Maternal Infection PCR/Culture From Genital Lesion Maternal HSV-1 and HSV-2 IgG Antibody Status

Documented first-episode primary infection Positive, either virus Both negative
Documented first-episode nonprimary infection Positive for HSV-1 Positive for HSV-2 AND negative for HSV-1

Positive for HSV-2 Positive for HSV-1 AND negative for HSV-2
Assume first-episode (primary or nonprimary) infection Positive for HSV-1 OR HSV-2 Not available

Negative OR not availableb Negative for HSV-1 and/or HSV-2 OR not available
Recurrent infection Positive for HSV-1 Positive for HSV-1

Positive for HSV-2 Positive for HSV-2
a To be used for women without a clinical history of genital herpes.
b When a genital lesion is strongly suspicious for HSV, clinical judgment should supersede the virological test results for the conservative purposes of this neonatal management
algorithm. Conversely, if in retrospect, the genital lesion was not likely to be caused by HSV and the PCR assay result or culture is negative, departure from the evaluation and
management in this conservative algorithm may be warranted.
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indicating the neonate already has
neonatal HSV disease, the infant should
be treated for 14 to 21 days with in-
travenous acyclovir on the basis of the
extent of neonatal HSV disease (dis-
seminated, CNS, or SEM) (AII); if the
initial CSF PCR assay result is positive
for HSV DNA, a repeat lumbar puncture
should be obtained near the end of
therapy (eg, on day 17 or 18 of an an-
ticipated 21-day course of therapy), and
intravenous acyclovir should be dis-
continued at 21 days if the repeat HSV
PCR assay result is negative (AII). If the
“end-of-therapy” CSF PCR assay result
is positive, intravenous acyclovir should
be continued for another 7 days, with
another repeat lumbar puncture near
the end of therapy, again with decisions
regarding cessation of therapy predi-
cated on the repeat HSV CSF PCR assay
result (BII). After completion of paren-
teral acyclovir for treatment of neonatal
HSV disease, infants should receive oral
acyclovir suppressive therapy for 6
months.57

Management of Asymptomatic
Neonates After Vaginal or Cesarean
Delivery to Women With Lesions at
Delivery and No History of Genital
HSV Preceding Pregnancy

For women without a history of genital
herpes preceding pregnancy, the pres-
ence of genital lesions at delivery could
represent first-episode primary infec-
tion (with a risk of transmission to the
newborn infant of 57%), first-episode
nonprimary infection (with a risk of
transmission to the newborn infant of
25%), or recurrent infection (with a risk
of transmission to the newborn infant
of 2%). Thus, with the availability of
type-specific serological testing, the
practitioner can determine which type
of infection the outbreak represents,
given that the risks to the infant are so
disparate. Accordingly, serological test-
ing should be performed to determine
the type of HSV infection in the mother to
delineate between the 3 (Table 1).

At approximately 24 hours after de-
livery, neonatal skin and mucosal
specimens (conjunctivae, mouth, na-
sopharynx, and rectum, and scalp
electrode site, if present) should be
obtained for culture (and PCR assay, if
desired), and blood should be sent for
HSV DNA PCR assay to evaluate for HSV
infection. In addition, the infant should
be evaluated for neonatal HSV disease
(lumbar puncture with CSF sent for
indices and HSV DNA PCR assay, in
addition to serum alanine trans-
aminase) at the same time, and in-
travenous acyclovir should be initiated
pending the results of the evaluation,
because the possibility is high that this
could be a primary maternal infection
(BIII). It is acceptable to wait to initiate
therapy until approximately 24 hours
after delivery in an asymptomatic ne-
onate, because the average age at onset
of neonatal HSV disease is between 1.5
and 3 weeks of age. Some practitioners
advocate evaluation and treatment
immediately after delivery if the infant
is preterm or there has been prolonged
rupture of membranes (CIII).

Laboratory correlations between vi-
rological (PCR/culture) and serological
results that define maternal disease
classification (first-episode primary,
first-episode nonprimary, and recurrent)
are presented in Table 2. The table de-
liberately uses a conservative estimate
of first-episode infection, because the
likelihood of transmission in such a sit-
uation is high. It is intended to be used
to determine maternal disease classifi-
cation in women without a clinical his-
tory of genital herpes.

If the mother has a documented or
assumed first-episode primary or first-
episode nonprimary infection (Table 2)
and the neonate’s evaluation results
are normal, the infant should be
treated empirically with intravenous
acyclovir for 10 days to prevent pro-
gression from neonatal infection to
disease (preemptive therapy) (BIII). If

the infant’s evaluation results are ab-
normal, indicating the neonate al-
ready has neonatal HSV disease, the
infant should be treated for 14 to 21
days with intravenous acyclovir on the
basis of the extent of neonatal HSV
disease (disseminated, CNS, or SEM)
(AII); if the initial CSF PCR assay
results are positive for HSV DNA, a re-
peat lumbar puncture should be
obtained near the anticipated end of
therapy (eg, on day 17 or 18 of ther-
apy), and intravenous acyclovir should
be discontinued at 21 days if the re-
peat HSV PCR assay result is negative
(AII). If the end-of-therapy CSF PCR
assay result is positive, the intra-
venous acyclovir should be continued
for another 7 days, with another re-
peat lumbar puncture near the an-
ticipated new end of therapy, again
with decisions regarding cessation of
therapy predicated on the HSV CSF
PCR assay result (BII). After comple-
tion of parenteral acyclovir for treat-
ment of neonatal HSV disease, infants
should receive oral acyclovir sup-
pressive therapy for 6 months.57

If the mother has recurrent genital HSV
infection (that is, she has type-specific
antibody to the HSV serotype detected
by her genital swab) and the neonatal
surface and blood virology study
results are negative, acyclovir should
be stopped, the parent(s) should re-
ceive education regarding signs and
symptoms of neonatal HSV, and the
infant may be discharged and reeval-
uated with any signs or symptoms of
illness during the first 6 weeks of life
(AII). Conversely, if virology study
results are positive, confirming neo-
natal HSV infection, intravenous acy-
clovir should be continued, with the
duration of treatment based on the
evaluation for neonatal HSV disease. If
the evaluation findings are normal, the
infant should be treated empirically
with intravenous acyclovir for 10 days
to prevent progression from HSV
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infection to HSV disease (preemptive
therapy) (BIII). If the evaluation findings
are abnormal, the infant should be
treated with intravenous acyclovir for
14 to 21 days on the basis of the extent
of neonatal HSV disease (disseminated,
CNS, or SEM) (AII); if the initial CSF PCR
assay result is positive for HSV DNA,
a repeat lumbar puncture should be
obtained near the end of therapy (eg,
on day 17 or 18 of an anticipated 21-day
course of therapy), and intravenous
acyclovir should be discontinued at
21 days if the repeat HSV PCR assay
result is negative (AII). If the end-of-
therapy CSF PCR assay result is pos-
itive, intravenous acyclovir should be
continued for another 7 days, with
another repeat lumbar puncture near
the end of therapy, again with deci-
sions regarding cessation of therapy
predicated on the basis of HSV CSF
PCR assay result (BII). After completion
of parenteral acyclovir for treatment
of neonatal HSV disease, infants should
receive oral acyclovir suppressive
therapy for 6 months.57
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APPENDIX Evidence-based Rating System Used To Determine Strength Of Recommendations

Category Definition Recommendation

Strength of recommendation
A Strong evidence for efficacy and substantial clinical benefit Strongly recommended
B Strong or moderate evidence for efficacy, but only limited

clinical benefit
Generally recommended

C Insufficient evidence for efficacy, or efficacy does not
outweigh possible adverse consequences

Optional

D Moderate evidence against efficacy or for adverse outcome Generally not recommended
E Strong evidence against efficacy or for adverse outcome Never recommended
Quality of evidence supporting recommendation
I Evidence from at least 1 well-executed randomized controlled

trial or 1 rigorously designed laboratory-based
experimental study that has been replicated by an
independent investigator

II Evidence from at least 1 well-designed clinical trial without
randomization; cohort or case-controlled analytic studies
(preferably from >1 center); multiple time-series studies;
dramatic results from uncontrolled studies; or some
evidence from laboratory experiments

III Evidence from opinions of respected authorities based on
clinical or laboratory experience, descriptive studies, or
reports of expert committees

Adapted from Centers for Disease Control. 2009 guidelines for the prevention and treatment of opportunistic infections among HIV-exposed and HIV-infected children. MMWR Recomm Rep.
2009;58(RR-11):5.
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The incidence of neonatal early-onset sepsis (EOS) has declined substantially 
over the last 2 decades, primarily because of the implementation of 
evidence-based intrapartum antimicrobial therapy. However, EOS remains 
a serious and potentially fatal illness. Laboratory tests alone are neither 
sensitive nor specific enough to guide EOS management decisions. Maternal 
and infant clinical characteristics can help identify newborn infants who 
are at risk and guide the administration of empirical antibiotic therapy. 
The incidence of EOS, the prevalence and implications of established risk 
factors, the predictive value of commonly used laboratory tests, and the 
uncertainties in the risk/benefit balance of antibiotic exposures all vary 
significantly with gestational age at birth. Our purpose in this clinical report 
is to provide a summary of the current epidemiology of neonatal sepsis 
among infants born at ≥35 0/7 weeks’ gestation and a framework for the
development of evidence-based approaches to sepsis risk assessment 
among these infants.
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Early-onset sepsis (EOS) is a serious and potentially fatal complication of 
birth. Assessing term and late-preterm newborn infants for risk of EOS is 
one of the most common clinical tasks conducted by pediatric providers.1 
As the use of preventive intrapartum antibiotic therapies has increased 
and the incidence of EOS has decreased, physicians are challenged to 
identify those newborn infants who are at the highest risk of infection. 
Pediatric providers are particularly concerned about initially well-
appearing infants with identified risk factors for EOS for fear of missing 
the opportunity to intervene before infants become critically ill. The need 
to (1) assess a newborn infant’s risk of EOS, (2) determine which steps 
should be taken at particular levels of risk (including the administration 
of empirical, broad-spectrum antibiotic therapies), and (3) decide when 
to discontinue empirical antibiotic therapies are critically important 
decisions that are made daily by physicians caring for neonates. 
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Depending on the local structure of 
pediatric care, these decisions are 
made by community pediatricians, 
family physicians, emergency 
department physicians, newborn 
hospitalists, and/or neonatal 
intensive care specialists.

PATHOGENESIS AND CURRENT 
EPIDEMIOLOGY OF NEONATAL EOS

EOS is defined as a blood or 
cerebrospinal fluid (CSF) culture 
obtained within 72 hours after birth 
growing a pathogenic bacterial 
species. This microbiologic definition 
stands in contrast to the functional 
definitions of sepsis that are used 
in pediatric and adult patients, 
for whom the definition is used to 
specify a series of time-sensitive 
interventions. Before the first 
national guidelines were published 
in which researchers recommended 
intrapartum antibiotic prophylaxis 
(IAP) to prevent perinatal group B 
Streptococcus (GBS) disease, 2 the 
overall incidence of EOS in the United 
States was 3 to 4 cases per 1000 live 
births.3 Currently, the incidence of 
EOS among infants who are born at 
term has declined to approximately 
0.5 in 1000 live births.4,  5 The EOS 
incidence is higher (approximately 
1 in 1000 live births) among late-
preterm infants but still an order of 
magnitude lower than the incidence 
among preterm, very low birth 
weight infants.4 – 7 Culture-confirmed 
meningitis among term infants is 
even more rare, with an incidence 
of 0.01 to 0.02 cases per 1000 live 
births.4, 8 Morbidity and mortality 
from EOS remain substantial; 
approximately 60% of term infants 
with EOS require neonatal intensive 
care for respiratory distress and/or 
blood pressure support.8 Mortality 
is approximately 2% to 3% among 
infants with EOS born at ≥35 weeks’ 
gestation.4,  5,  8

EOS primarily begins in utero and 
was originally described as amniotic 
infection syndrome.9,  10 Among term 

infants, the pathogenesis of EOS is 
most commonly that of ascending 
colonization and infection of the 
uterine compartment with maternal 
gastrointestinal and genitourinary 
flora during labor with subsequent 
colonization and invasive infection  
of the fetus and/or fetal aspiration  
of infected amniotic fluid. Rarely,  
EOS may develop at or near term 
before the onset of labor. Whether 
acquired hematogenously across the 
placenta or via an ascending route, 
bacterial infection can be a cause of 
stillbirth in the third trimester.11,  12  
Listeria monocytogenes, which is 
usually transmitted from the mother 
to the fetus by the transplacental 
hematogenous spread of infection 
before the onset of labor, is an 
infrequent but notable cause of 
EOS.13

RISK FACTORS FOR EOS

The occurrence, severity, and 
duration of specific clinical risk 
factors can be used to assess the risk 
of EOS among term and late-preterm 
infants. Evidence has supported the 
predictive value of gestational age, 
maternal intraamniotic infection 
(represented either by intrapartum 
fever or the obstetric clinical 
diagnosis of chorioamnionitis), the 
duration of rupture of membranes 
(ROM), maternal GBS colonization, 
the administration of appropriate 
intrapartum antibiotic therapy, and 
the newborn clinical condition.2,  14 – 16  
Surveillance studies in the United 
States reveal higher rates of EOS 
among infants who are born to 
mothers of African American race 
compared with those who are not 
of African American race, but race 
is not an independent predictor 
in multivariable analyses.4,  5,  7 
Multiple other factors associated 
with an increased risk of EOS (eg, 
twin gestation, fetal tachycardia, 
meconium-stained amniotic fluid) 
also are not independent predictors 
of infection.

The clinical diagnosis of 
chorioamnionitis has been used as 
a primary risk factor for identifying 
infants who are at risk for EOS, 
presenting multiple difficulties for 
obstetric and neonatal providers. 
Although most infants with EOS are 
born to women with this clinical 
diagnosis, specificity is poor; 
only a small proportion of infants 
who are born in the setting of 
chorioamnionitis develop EOS.16 – 19 In 
a review of nearly 400 000 newborn 
infants, researchers confirmed 
the high rate of chorioamnionitis 
diagnosis among the mothers of 
infants with EOS but estimated that 
approximately 450 term infants who 
were exposed to chorioamnionitis 
would have to be treated per case 
of confirmed EOS.20 These data are 
used to provide a strong argument 
against using the clinical diagnosis of 
chorioamnionitis as a sole indicator 
of risk for EOS in term infants. The 
identification of chorioamnionitis 
itself is challenging, particularly 
among women who are laboring at 
or near term. The American College 
of Obstetricians and Gynecologists 
(ACOG) has recently opted to 
transition away from the use of the 
term chorioamnionitis to the use 
of intraamniotic infection and has 
published guidance for its diagnosis 
and management.21 The ACOG 
aligned with the recommendations  
of a multispecialty workshop  
sponsored by the Eunice Kennedy 
Shriver National Institute of Child 
Health and Human Development in 
defining a confirmed diagnosis of 
intraamniotic infection as 1 made by 
using positive amniotic fluid Gram-
stain and/or culture results or by 
using placental histopathology.21,  22  
Suspected intraamniotic infection 
is defined as maternal intrapartum 
fever (either a single maternal 
intrapartum temperature ≥39.0°C 
or a temperature of 38.0°C–38.9°C 
that persists for >30 minutes) and 1 
or more of the following: maternal 
leukocytosis, purulent cervical 
drainage, and fetal tachycardia. The 
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breastfeeding and increase formula 
supplementation.36 Although the 
relationship between early neonatal 
antibiotic exposure and subsequent 
childhood health remains to be 
defined, current evidence reveals that 
such exposures do affect newborn 
infants in the short-term; therefore, 
physicians should consider the risk/
benefit balance of initiating antibiotic 
therapy for the risk of EOS as well as 
for continuing empirical antibiotic 
therapy in the absence of a culture-
confirmed infection.

RISK STRATIFICATION FOR TERM AND 
LATE-PRETERM INFANTS

Three approaches currently exist 
for the use of risk factors to identify 
infants who are at increased risk 
of EOS, as detailed in the following 
sections. Each approach has 
merits and limitations, and each 
is a reasonable approach to risk 
assessment among infants who are 
born at ≥35 weeks’ gestation. No 
strategy can be used to immediately 
identify all infants who will develop 
EOS or avoid the treatment of a 
substantial number of infants who 
are uninfected. Therefore, each 
strategy must include measures to 
monitor infants who are not initially 
identified and to minimize the 
duration of antibiotic administration 
to infants who are uninfected. Those 
at birth centers should develop 
institutional approaches that are best 
suited to their local resources and 
structures. Optimally, the effect of the 
chosen approach should be measured 
to identify low-frequency adverse 
events and to affirm efficacy.

Categorical Risk Factor Assessment

A categorical risk factor assessment 
includes risk factor threshold 
values to identify infants who are at 
increased risk for EOS. Algorithms 
for the management of GBS-specific 
EOS have been used as a general 
framework for the prevention of 
all EOS.3,  37,  38 Risk factors used in 
such algorithms included (1) any 

newborn infant who is ill appearing; 
(2) a mother with a clinical diagnosis
of chorioamnionitis; (3) a mother
who is colonized with GBS and who
received inadequate IAP, with a
duration of ROM being >18 hours
or birth before 37 weeks’ gestation;
or (4) a mother who is colonized 
with GBS who received inadequate 
IAP but with no additional risk 
factors. Recommendations in these 
algorithms include the following: 
laboratory testing and empirical 
antibiotic therapy for infants in 
categories 1 and 2, laboratory testing 
for category 3, and observation in the 
hospital for ≥48 hours for category 4.

Different versions of this approach 
have been published since 1996 
and have been incorporated by 
physicians into local algorithms. 
An advantage of using categorical 
risk factors is that substantial data 
have been reported that are used to 
address the effects on GBS-specific 
disease and on the frequency of 
neonatal EOS evaluation.3,  39 – 45 
Limitations of this approach include 
a lack of clear definitions for 
newborn clinical illness, difficulties 
in establishing the clinical diagnosis 
of maternal chorioamnionitis, 
an inconsistent consideration of 
intrapartum antibiotics, and the 
absence of guidance on what is used 
to define abnormal laboratory test 
results in the newborn infant.

Multivariate Risk Assessment

A multivariate risk assessment 
includes an individualized synthesis 
of established risk factors and 
the newborn clinical condition to 
estimate each infant’s risk of EOS.  
A cohort of 608 000 newborn infants 
was used to develop predictive 
models for culture-confirmed EOS 
based on objective data that are 
known at the moment of birth7 and 
the evolving newborn condition 
during the first 6 to 12 hours after 
birth.46 The objective data include 
gestational age, the highest maternal 
intrapartum temperature, the 

ACOG recommends that intrapartum 
antibiotic therapy be administered 
whenever intraamniotic infection is 
diagnosed or suspected and when 
otherwise unexplained maternal 
fever occurs in isolation. These 
recommendations are based on 
data revealing the protective effect 
of intrapartum antibiotic therapy 
for both the mother and fetus 
when infection is present while 
acknowledging frequent uncertainty 
about the presence of intraamniotic 
infection.

ANTIBIOTIC STEWARDSHIP IN EOS 
MANAGEMENT

Newborn infants may be exposed to 
antibiotic drugs before birth in the 
form of GBS IAP, maternal surgical 
prophylaxis in cesarean deliveries, 
or intrapartum antibiotic therapy 
administered because of suspected 
or confirmed intraamniotic infection 
or other maternal infections. 
Combined, these indications result 
in an antibiotic exposure of 32% 
to 45% of all newborn infants.23 – 25 
Administered to protect mothers 
and newborn infants, such early 
antibiotic exposures may also have 
negative consequences for term and 
late-preterm infants. Researchers 
in retrospective studies conducted 
primarily among term infants have 
associated antibiotic administration 
in infancy with increased risks of 
later childhood health problems, such 
as wheezing, asthma, food allergy, 
inflammatory bowel disease, and 
childhood obesity.26 –32 Although the 
biologic basis of such associations is 
not firmly established, researchers 
suggest that neonatal antibiotic 
administration alters the developing 
gut microbiome.33 – 35 Intrapartum 
antibiotic administration has been 
associated with changes in stool 
bacterial composition at 1 week, 3 
months, and 12 months of age.34, 35 
The impact of breastfeeding on gut 
dysbiosis may be important given 
that mother-infant separation for EOS 
evaluation can delay the initiation of 
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maternal GBS colonization status, the 
duration of ROM, and the type and 
duration of intrapartum antibiotic 
therapies. The predictive models 
were used to develop a Web-based 
Neonatal Early-Onset Sepsis Risk 
Calculator with recommended 
clinical algorithms that are based 
on the final risk estimate.47 Blood 
culture and enhanced clinical 
observation are recommended for 
infants with an EOS risk estimated 
at ≥1 per 1000 live births, and blood 
culture and empirical antibiotic 
therapy are recommended for 
infants with an EOS risk estimated 
at ≥3 per 1000 live births. A 
prospective validation in 204 685 
infants revealed that blood culture 
testing declined by 66%, and 
empirical antibiotic administration 
declined by 48% with this approach 
compared with the previous use of 
a categorical risk algorithm based 
on recommendations by the Centers 
for Disease Control and Prevention 
(CDC).44 No adverse effects of the 
multivariate risk approach were 
noted during birth hospitalization. 
Readmissions for culture-confirmed 
infection during the week after 
discharge from the birth hospital 
were rare (approximately 5 in 
100 000 births) and did not differ by 
the approach (sepsis risk calculator 
versus CDC risk algorithm) used at 
birth.

The advantages of the multivariate 
approach are that it (1) is used to 
provide differential information on 
an individual infant’s risk rather 
than place infants in categories 
with a wide range of risk, (2) 
includes only objective data and 
not a clinical diagnosis of maternal 
chorioamnionitis, and (3) results 
in relatively few well-appearing 
newborn infants being treated 
empirically with antibiotic agents. 
Potential concerns are derived 
from the anticipated effect on birth 
hospitals because this multivariate 
approach necessitates increased 
clinical surveillance for some 

infants in the well nursery and/
or postpartum care unit. The 
classification of infants as clinically 
ill, equivocal, or well appearing 
requires ongoing clinical assessment 
over the first 12 hours after  
birth.44,  46,  48 Workflow changes could 
be needed to accommodate changes 
in the frequency of vital signs and 
other clinical assessments for 
infants who are identified as being 
at moderate risk of EOS. Those at 
institutions opting for this approach 
may set different risk thresholds for 
specific actions other than those that 
are validated44, 48 but should also 
consider quantifying the effect of 
the chosen risk thresholds to affirm 
safety and efficacy.

Risk Assessment Primarily Based on 
Newborn Clinical Condition

A third strategy consists of the 
reliance on clinical signs of illness 
to identify infants with EOS. Under 
this approach, regardless of any 
estimation of neonatal or maternal 
risk factors for EOS, infants who 
appear ill at birth and those who 
develop signs of illness over the first 
48 hours after birth are either treated 
empirically with antibiotic agents 
or further evaluated by laboratory 
screening. Among term and late-
preterm infants, good clinical 
condition at birth is associated 
with a reduction in risk for EOS of 
approximately 60% to 70%.44,  46 A 
multidisciplinary panel sponsored by 
the Eunice Kennedy Shriver National 
Institute of Child Health and Human 
Development advocated that infants 
be flagged for risk of EOS on the 
basis of the obstetric diagnosis of 
suspected intraamniotic infection 
but that those conducting newborn 
evaluation primarily rely on clinical 
observation alone for well-appearing 
term and late-preterm infants.22 
Those at several centers have 
reported experience with strategies 
based on the identification of at-risk 
newborn infants using categorical 
or multivariate approaches to risk 
accompanied by laboratory tests 

and serial examinations of at-risk 
newborn infants.42, 49 – 53 Researchers 
at 1 center in Italy reported a cohort 
of 7628 term infants who were 
managed with a categorical approach 
to risk identification and compared 
the outcomes with a cohort of 7611 
infants who were managed with 
serial physical examinations every 
4 to 6 hours through 48 hours of 
age. Significant decreases in the use 
of laboratory tests, blood cultures, 
and empirical antibiotic agents were 
observed in the second cohort. Two 
infants who developed EOS in the 
second cohort were identified as they 
developed signs of illness.42

The primary advantage of this 
approach is a significant reduction 
in the rate of antibiotic use. Those 
at institutions adopting such an 
approach will need to decide 
whether to adopt a categorical 
or multivariate approach for the 
identification of infants who are at 
risk. Alternatively, providers can 
decide to conduct serial clinical 
evaluations on all newborn infants 
without regard to risk of EOS. The 
latter approach would provide a 
means of identifying infants who 
develop EOS despite a low estimate 
of risk and initially reassuring clinical 
condition. Such cases occur at rate 
of approximately 1 in 10 000 live 
births among term and late-preterm 
infants.46 Potential disadvantages of 
this approach are that it can require 
significant changes to newborn 
care at birth hospitals, including 
the establishment of processes to 
ensure universal serial, structured, 
documented examinations and 
the development of clear criteria 
for additional evaluation and 
empirical antibiotic administration. 
Frequent medical examinations of 
all newborn infants may be variably 
acceptable to families and may 
add significantly to the cost of well 
nursery care. Importantly, physicians 
and families must understand that 
the identification of initially well-
appearing infants who develop 
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optimal recovery of organisms.64,  65  
The use of 2 separate culture bottles 
may provide the opportunity to 
determine if commensal species are 
true infections by comparing growth 
in the 2 cultures.66,  67 The use of 1 
aerobic and 1 anaerobic culture 
bottle may be done to optimize the 
organism recovery of rare strict 
anaerobic species, 68 and most 
neonatal pathogens, including GBS, 
Escherichia coli, and Staphylococcus 
aureus, will grow under anaerobic 
conditions. Anaerobic blood culture 
is routinely performed as part of 
sepsis evaluation among obstetric 
and other adult patients. Those at 
individual centers may benefit from 
collaborative discussion with those 
at the laboratory where cultures 
are processed to optimize local 
processes.

CSF Culture

CSF culture should ideally be 
performed along with blood culture 
and before the initiation of empirical 
antibiotic therapy for infants who 
are at the highest risk of EOS. Among 
infants born at ≥35 weeks’ gestation, 
those at the highest risk include 
those with critical illness. CSF cell 
counts obtained after the initiation of 
empirical antibiotic therapy may be 
difficult to interpret.69,  70 However, 
physicians must balance the 
challenges of CSF interpretation with 
the realities of care: lumbar puncture 
should not be performed if the 
newborn infant’s clinical condition 
would be compromised or antibiotic 
initiation would be delayed by the 
procedure. Meningitis was diagnosed 
clinically in 4% of EOS cases in 
CDC surveillance, but only half of 
the diagnoses were made by using 
CSF culture, reflecting the practical 
difficulties in performing lumbar 
puncture.4 CSF culture and analysis 
should be performed if blood cultures 
grow a pathogen to optimize the type 
and duration of antibiotic therapy. 
CSF culture and analysis do not need 
to be performed in the vast majority 

of term infants for whom blood 
cultures are sterile. The incidence 
of culture-confirmed meningitis in 
the absence of culture-confirmed 
bacteremia is approximately 1 to 
2 cases per 100 000 live births.4, 8 
Physicians may, therefore, use their 
best judgment to determine when 
CSF analysis should be performed 
in the absence of documented 
bacteremia.

White Blood Cell Count

The white blood cell (WBC) count, 
immature/total neutrophil ratio 
(I/T), and absolute neutrophil 
count (ANC) are commonly used 
to assess the risk of EOS. Multiple 
clinical factors can affect the WBC 
count and differential, including 
gestational age at birth, sex, and 
mode of delivery.71 – 74 Fetal bone 
marrow depression attributable to 
maternal preeclampsia or placental 
insufficiency and prolonged exposure 
to inflammatory signals, such as 
those associated with the premature 
ROM, frequently result in abnormal 
values in the absence of infection. 
As the incidence of EOS declines, 
the clinical utility of the WBC count 
also declines. Researchers in 2 large, 
multicenter studies applied the 
likelihood ratio, a test characteristic 
that is independent of disease 
incidence, to assess the relationship 
between WBC count and culture-
confirmed EOS among term and 
late-preterm infants and found 
that none of the components (WBC 
count, I/T, nor ANC) performed well. 
Extreme values (total WBC count 
<5000/μL [I/T >0.3; ANC <2000/
μL] in one study73 and WBC count 
<1000/μL [ANC <100/μL; and I/T 
>0.5] in the other75) were associated
with the highest likelihood ratios but
very low sensitivities. WBC count
>20 000/μL and platelet counts were
not associated with EOS in either
study. The I/T squared (I/T divided
by the ANC) performed better than
any of the more traditional tests and
was independent of age in hours

clinical illness is not a failure of 
care but rather an anticipated 
outcome of this approach to EOS risk 
management.

LABORATORY TESTING

Blood Culture

In the absence of validated, clinically 
available molecular diagnostics, 
blood culture remains the diagnostic 
standard for EOS. Newborn surface 
cultures and gastric aspirate analysis 
cannot be used to diagnose EOS, 
and urine culture is not indicated 
in sepsis evaluations performed at 
<72 hours of age. In modern blood 
culture systems, optimized enriched 
culture media with antimicrobial 
neutralization properties, 
continuous-read detection systems, 
and specialized pediatric culture 
bottles are used. Concerns have 
been raised about the incomplete 
detection of low-level bacteremia 
and the effect of intrapartum 
antibiotic administration.22,  54 
However, these systems are used 
to reliably detect bacteremia at 
a level of 1 to 10 colony-forming 
units per mL if a minimum blood 
volume of 1 mL is inoculated. 
Furthermore, researchers in several 
studies have reported no effect 
of intrapartum antibiotic therapy 
on time to positivity.55 – 59 Culture 
media containing antimicrobial 
neutralization elements efficiently 
neutralize β-lactam antibiotic agents 
and gentamicin.55 A median blood 
culture time to positivity of <24 
hours is reported among term infants 
when using contemporary blood 
culture techniques.60 – 63 Despite 
the performance characteristics of 
modern blood cultures, a prolonged 
empirical antibiotic treatment of 
term newborn infants who are 
critically ill may occasionally be 
appropriate despite negative culture 
results.

Pediatric blood culture bottles 
generally require a minimum 
inoculum of 1 mL of blood for  
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but also had modest sensitivity and 
specificity.76

Other Inflammatory Markers

Researchers in multiple studies 
address other markers of 
inflammation, including C-reactive 
protein (CRP), procalcitonin, 
interleukins (ILs) (soluble IL-2 
receptor, IL-6, and IL-8), tumor 
necrosis factor α, and CD64.77 – 80 Both 
CRP and procalcitonin concentrations 
increase in newborn infants in 
response to a variety of inflammatory 
stimuli, including infection, asphyxia, 
and pneumothorax. Procalcitonin 
concentrations also increase 
naturally over the first 24 to 36 hours 
after birth.79 Single values of CRP or 
procalcitonin obtained after birth 
to assess the risk of EOS are neither 
sensitive nor specific to guide EOS 
care decisions. Consistently normal 
values of CRP and procalcitonin 
over the first 48 hours of age are 
associated with the absence of 
EOS, but serial abnormal values 
alone should not be used to decide 
whether to administer antibiotics 
in the absence of culture-confirmed 
infection. Additionally, at this time, 
a serial evaluation of inflammatory 
markers should not be used to assess 
well-appearing term newborn infants 
for risk of EOS.

TREATMENT OF EOS

The microbial causes of EOS in the 
United States have been unchanged 
over the past 10 years. Researchers 
in national surveillance studies 
continue to identify GBS as the most 
common bacteria isolated in EOS 
cases among term and late-preterm 
infants, accounting for approximately 
40% to 45% of all cases, 4,  5 followed 
by E coli in approximately 10% to 
15% of cases. The remaining cases 
are caused primarily by other Gram-
positive organisms (predominantly 
viridans group streptococci and 
enterococci), and approximately 5% 
are caused by other Gram-negative 

organisms. S aureus (approximately 
3%–4%) and L monocytogenes 
(approximately 1%–2%) are less 
common causes of EOS among term 
infants.4,  5

Ampicillin and gentamicin, in 
combination, is the first choice for 
empirical therapy for EOS. This 
combination will be effective against 
GBS, most other streptococcal 
and enterococcal species, and L 
monocytogenes. Although two-thirds 
of E coli EOS isolates and most other 
Gram-negative EOS isolates are 
resistant to ampicillin, the majority 
remain sensitive to gentamicin.4 
Extended-spectrum β-lactamase–
producing organisms are rarely 
reported among EOS cases in the 
United States. Therefore, the routine 
empirical use of broader-spectrum 
antibiotic agents is typically not 
justified and may be harmful.81 
Nonetheless, approximately 7% of 
E coli cases (1.7% of all EOS cases) 
were resistant to both ampicillin 
and gentamicin in recent CDC 
surveillance studies.4 Among term 
newborn infants who are critically 
ill, the empirical addition of broader-
spectrum therapy should be 
considered until culture results are 
available.

When EOS is confirmed by using 
blood culture, lumbar puncture 
should be performed if not 
previously done. Serial daily blood 
cultures should be performed 
until microbiological sterility is 
documented. In definitive antibiotic 
therapy, providers should use the 
narrowest spectrum of appropriate 
antibiotics. The duration of 
therapy should be guided by expert 
references (eg, the American 
Academy of Pediatrics Red Book: 
Report of the Committee on Infectious 
Diseases) and informed by using CSF 
analysis results and the achievement 
of sterile cultures. Consultation 
with infectious disease specialists 
can be considered for cases that 
are complicated by meningitis or 
other site-specific infections and for 

cases that are caused by resistant 
or atypical organisms. Among 
term infants with unexplained 
critical cardiorespiratory illness, an 
empirical course of antibiotic therapy 
may be justified even in the absence 
of culture-confirmed infection. Most 
often, however, antibiotic therapy 
should be discontinued when blood 
cultures are sterile at 36 to 48 
hours of incubation unless there is 
evidence of site-specific infection. 
Continuing empirical antibiotic 
therapy in response to laboratory 
test abnormalities alone is rarely 
justified, particularly among well-
appearing term infants.

PREVENTION STRATEGIES

The only proven preventive 
strategy for EOS is the appropriate 
administration of maternal IAP. 
Recommendations from national 
professional organizations should 
be followed for the administration 
of GBS intrapartum prophylaxis as 
well as for the administration of 
intrapartum antibiotic therapy when 
there is suspected or confirmed 
intraamniotic infection. Neonatal 
practices are focused on the 
identification and empirical antibiotic 
treatment of newborn infants who 
are at risk for EOS; these practices 
cannot prevent EOS. The empirical 
administration of intramuscular 
penicillin to all newborn infants to 
prevent neonatal GBS-specific EOS is 
not justified and is not endorsed by 
the American Academy of Pediatrics. 
Neither GBS IAP nor any neonatal 
EOS practice will prevent late-onset 
GBS infection3,  82,  83 or any other form 
of late-onset bacterial infection.

SUMMARY POINTS

We include the following summary 
points:

1. The epidemiology of EOS differs
substantially between term and/
or late-preterm infants and very
preterm infants.
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2. Infants born at ≥35 0/7 weeks’
gestation can be stratified by the
level of risk for EOS. Acceptable
approaches to risk stratification
include the following:

⚬ categorical algorithms in which
threshold values for intrapartum
risk factors are used;

⚬ multivariate risk assessment
based on both intrapartum risk
factors and infant examinations.
The Neonatal Early-Onset Sepsis
Risk Calculator47 is an example
of this approach; and

⚬ serial physical examination
to detect the presence of
clinical signs of illness after
birth. This approach may
begin with a categorical or
multivariate assessment to
identify newborn infants who
are at risk and will be subjected
to serial monitoring, or this
may be applied to all newborn
infants.

3. Birth centers should consider
the development of locally
tailored, documented guidelines
for EOS risk assessment and
clinical management. Ongoing
surveillance once guidelines are
implemented is recommended.

4. The diagnosis of EOS is made
by using blood or CSF cultures.
EOS cannot be diagnosed by
using laboratory tests, such as
a complete blood cell count or
CRP or by using surface cultures,
gastric aspirate analysis, or urine
culture.

5. The combination of ampicillin
and gentamicin is the appropriate
empirical antibiotic regimen for
most infants who are at risk for
EOS. The empirical administration
of additional broad-spectrum
agents may be indicated in term
infants who are critically ill until
appropriate culture results are
known.

6. When blood cultures are sterile,
antibiotic therapy should be

discontinued by 36 to 48 hours 
of incubation unless there is  
clear evidence of site-specific 
infection.
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Early-onset sepsis (EOS) remains a serious and often fatal illness among 
infants born preterm, particularly among newborn infants of the lowest 
gestational age. Currently, most preterm infants with very low birth weight 
are treated empirically with antibiotics for risk of EOS, often for prolonged 
periods, in the absence of a culture-confirmed infection. Retrospective 
studies have revealed that antibiotic exposures after birth are associated 
with multiple subsequent poor outcomes among preterm infants, making the 
risk/benefit balance of these antibiotic treatments uncertain. Gestational 
age is the strongest single predictor of EOS, and the majority of preterm 
births occur in the setting of other factors associated with risk of EOS, 
making it difficult to apply risk stratification strategies to preterm infants. 
Laboratory tests alone have a poor predictive value in preterm EOS. Delivery 
characteristics of extremely preterm infants present an opportunity to 
identify those with a lower risk of EOS and may inform decisions to initiate 
or extend antibiotic therapies. Our purpose for this clinical report is to 
provide a summary of the current epidemiology of preterm neonatal sepsis 
and provide guidance for the development of evidence-based approaches to 
sepsis risk assessment among preterm newborn infants.
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Antibiotics are administered shortly after birth to nearly all preterm 
infants with very low birth weight (VLBW) (birth weight <1500 g) 
because of the risk of early-onset sepsis (EOS).1 – 4 Physicians are often 
reluctant to discontinue antibiotics once initiated for many reasons, 
including the relatively high risk of EOS among preterm infants and the 
relatively high rate of mortality attributable to infection. Particularly 
among infants with VLBW, neonatal clinicians must determine which 
infants are most likely to have EOS when nearly all have some degree 
of respiratory or systemic instability. Poor predictive performance 
of common laboratory tests and concerns regarding the unreliability 
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of blood cultures add to the 
difficulty in discriminating at-risk 
infants. Because gestational age 
is the strongest predictor of EOS 
and approximately two-thirds of 
preterm births are associated with 
preterm labor, premature rupture 
of membranes (PROM), or clinical 
chorioamnionitis, 5 risk stratification 
strategies cannot be applied to 
preterm newborn infants in the same 
manner as for term neonates.

PATHOGENESIS AND CURRENT 
EPIDEMIOLOGY OF PRETERM 
NEONATAL EOS

Preterm EOS is defined as a blood 
or cerebrospinal fluid (CSF) culture 
obtained within 72 hours after birth 
that is growing a pathogenic bacterial 
species. This microbiological 
definition stands in contrast to 
the functional definitions of sepsis 
used in pediatric and adult patients, 
for whom the definition is used to 
specify a series of time-sensitive 
interventions. The current overall 
incidence of EOS in the United States 
is approximately 0.8 cases per 1000 
live births.6 A disproportionate 
number of cases occur among infants 
born preterm in a manner that is 
inversely proportional to gestational 
age at birth. The incidence of EOS is 
approximately 0.5 cases per 1000 
infants born at ≥37 weeks’ gestation, 
compared with approximately 1 case 
per 1000 infants born at 34 to 36 
weeks’ gestation, 6 cases per 1000 
infants born at <34 weeks’ gestation, 
20 cases per 1000 infants born at <29 
weeks’ gestation, and 32 cases per 
1000 infants born at 22 to 24 weeks’ 
gestation.6 – 10 The incidence of EOS 
has declined among term infants over 
the past 25 years, a change attributed 
to the implementation of evidence-
based intrapartum antimicrobial 
therapy. The impact of such therapies 
on preterm infants is less clear. 
Authors of the most recent studies 
report an EOS incidence among 
infants with VLBW ranging from 9 to 
11 cases per 1000 infants with VLBW, 

whereas studies from the early 1990s 
revealed rates of 19 to 32 per 1000 
infants.10,  11 Improvements among 
VLBW incidence may be limited to 
those born at older gestational ages. 
No significant change over time 
was observed in a study of 34 636 
infants born from 1993 to 2012 at 
22 to 28 weeks’ gestation, with the 
reported incidence ranging from 20.5 
to 24.4 per 1000 infants.8 Morbidity 
and mortality from EOS remain 
substantial: 95% of preterm infants 
with EOS require neonatal intensive 
care for respiratory distress and/or 
blood pressure support, and 75% of 
deaths from EOS occur among infants 
with VLBW.6,  10 The mortality rate 
among those with EOS is an order of 
magnitude higher among preterm 
compared with term infants, whether 
measured by gestational age (1.6% 
at ≥37 weeks, 30% at 25–28 weeks, 
and approximately 50% at 22–24 
weeks)7,  8,  10 or birth weight (3.5% 
among those born at ≥1500 g vs 35% 
for those born at <1500 g).6

The pathogenesis of preterm 
EOS is complex. EOS primarily 
begins in utero and was originally 
described as the “amniotic 
infection syndrome.” 12,  13 Among 
term infants, EOS pathogenesis 
most commonly develops during 
labor and involves ascending 
colonization and infection of the 
uterine compartment with maternal 
gastrointestinal and genitourinary 
flora, with subsequent colonization 
and invasive infection of the fetus 
and/or fetal aspiration of infected 
amniotic fluid. This intrapartum 
sequence may be responsible for EOS 
that develops after PROM or during 
preterm labor that is induced for 
maternal indications. However, the 
pathogenesis of preterm EOS likely 
begins before the onset of labor in 
many cases of preterm labor and/or 
PROM. Intraamniotic infection (IAI) 
may cause stillbirth in the second and 
third trimesters.14 In approximately 
25% of cases, IAI is the cause of 
preterm labor and PROM, particularly 

when these occur at the lowest 
gestational ages; evidence suggests 
that microbial-induced maternal 
inflammation can initiate parturition 
and elicit fetal inflammatory 
responses.5, 15 – 18 Organisms isolated 
from the intrauterine compartment 
of women with preterm labor, PROM, 
or both are primarily vaginal in 
origin and include low-virulence 
species, such as Ureaplasma, as 
well as anaerobic species and well-
recognized neonatal pathogens, 
such as Escherichia coli and group 
B Streptococcus (GBS).16– 18 The 
isolation of maternal oral flora and, 
more rarely, Listeria monocytogenes, 
suggests a transplacental pathway 
for some IAIs.16,  18 –20 Inflammation 
inciting parturition may not, 
however, always be attributable to 
IAI. Inflammation resulting from 
immune-mediated rejection of the 
fetal or placental compartment (from 
maternal extrauterine infection), as 
well as that incited by reproductive 
or nonreproductive microbiota, may 
all contribute to the pathogenesis 
of preterm labor and PROM, 
complicating the interpretation of 
placental pathology.15,  20

RISK FACTORS FOR PRETERM EOS

Multiple clinical risk factors have 
been used to assess the risk of EOS 
among infants born at ≤34 6/7 
weeks’ gestation. Univariate analyses 
of risk factors for EOS among 
preterm infants have been used to 
identify gestational age, birth weight, 
PROM and prolonged rupture of 
membranes (ROM), preterm onset 
of labor, maternal age and race, 
maternal intrapartum fever, mode 
of delivery, and administration 
of intrapartum antibiotics to be 
associated with risk of EOS; however, 
the independent contribution of any 
specific factor other than gestational 
age has been difficult to quantify. For 
example, among term infants, there 
is a linear relationship between the 
duration of ROM and the risk of EOS.9 
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In contrast, the relationship between 
PROM and the risk of EOS is not 
simply described by its occurrence or 
duration but modified by gestational 
age as well as by the additional 
presence of clinical chorioamnionitis 
and the administration of latency 
and intrapartum antibiotics.17,  21 – 24 
These observations are likely related 
to uncertainty regarding the role of 
intrauterine infection and cervical 
structural defects in the pathogenesis 
of spontaneous PROM.24,  25

The clinical diagnosis of 
chorioamnionitis has been used as 
a primary risk factor for identifying 
infants at risk for EOS. Most preterm 
infants with EOS are born to women 
with this clinical diagnosis.4,  26 –29 The 
American College of Obstetricians 
and Gynecologists (ACOG) recently 
advocated for using the term 
“intraamniotic infection” rather 
than chorioamnionitis (which is 
primarily a histologic diagnosis) 
and published guidance for its 
diagnosis and management.30 A 
confirmed diagnosis of IAI is made 
by a positive result on an amniotic 
fluid Gram-stain, culture, or placental 
histopathology. Suspected IAI is 
diagnosed by maternal intrapartum 
fever (either a single documented 
maternal intrapartum temperature 
of ≥39.0°C or a temperature of 
38.0–38.9°C that persists for >30 
minutes) and 1 or more of the 
following: (1) maternal leukocytosis, 
(2) purulent cervical drainage, and
(3) fetal tachycardia. The ACOG
recommends that intrapartum
antibiotics be administered
whenever IAI is diagnosed or
suspected and when otherwise
unexplained maternal fever occurs
during labor. Chorioamnionitis or
IAI is strongly associated with EOS
in preterm infants, with a number
needed to treat of only 6 to 40 infants
per case of confirmed EOS.4,  26 – 29

Conversely, the absence of clinical
and histologic chorioamnionitis
may be used to identify a group of
preterm infants who are at a lower

risk for EOS. In a study of 15 318 
infants born at 22 to 28 weeks’ 
gestation, those born by cesarean 
delivery with membrane rupture 
at delivery and without clinical 
chorioamnionitis were significantly 
less likely to have EOS or die before 
12 hours of age.4 The number needed 
to treat for infants born in these 
circumstances was approximately 
200; with the additional absence 
of histologic chorioamnionitis, 
the number needed to treat is 
approximately 380.4 Another study 
of 109 cases of EOS occurring among 
5313 infants with VLBW over a 
25-year period revealed that 97% of
cases occurred in infants born with
some combination of PROM, preterm
labor, or concern for IAI.29 In that
report, 2 cases of listeriosis occurred
in the context of unexplained fetal
distress in otherwise uncomplicated
pregnancies.

ANTIBIOTIC STEWARDSHIP IN 
PRETERM EOS MANAGEMENT

Currently, most premature infants 
with VLBW are treated empirically 
with antibiotics for risk of EOS, 
often for prolonged periods, even in 
the absence of a culture-confirmed 
infection. Prolonged empirical 
antibiotics are administered to 
approximately 35% to 50% of 
infants with a low gestational age, 
with significant center-specific 
variation.1 – 4 Antibiotic drugs are 
administered for many reasons, 
including the relatively high 
incidence of EOS among preterm 
infants, the relatively high rate of 
mortality attributable to infection, 
and the frequency of clinical 
instability after birth. Empirical 
antibiotics administered to very 
preterm infants in the first days after 
birth have been associated with an 
increased risk of subsequent poor 
outcomes.1,  4,  31 – 33 One multicenter 
study of 4039 infants born from 1998 
to 2001 with a birth weight of <1000 
g revealed that those infants who 
died or had a diagnosis of necrotizing 

enterocolitis (NEC) before hospital 
discharge were significantly more 
likely to have received prolonged 
empirical antibiotic therapy in the 
first week after birth.1 The authors 
of the study estimated that the 
risk of NEC increased by 7% for 
each additional day of antibiotics 
administered in the absence of 
culture-confirmed EOS. Authors of 
a single-center study of infants with 
VLBW estimated that the risk of NEC 
increased by 20% for each additional 
day of antibiotics administered in 
the absence of a culture-confirmed 
infection.31 Authors of another study 
of 11 669 infants with VLBW assessed 
the overall rate of antibiotic use and 
found that higher rates during the 
first week after birth or during the 
entire hospitalization were both 
associated with increased mortality, 
even when adjusted for multiple 
predictors of neonatal morbidity and 
mortality.33 One concern in each of 
these studies is that some infants 
categorized as uninfected may in 
fact have suffered from EOS. Yet, 
even among 5640 infants born at 
22 to 28 weeks’ gestation at a lower 
risk for EOS, those who received 
prolonged empirical antibiotic 
therapy during the first week after 
birth had higher rates of death and 
bronchopulmonary dysplasia.4 
Several explanations are possible 
for all of these findings, including 
simply that physicians administer 
the most antibiotics to the sickest 
infants. Other potential mechanisms 
include the role of antibiotics in 
promoting dysbiosis of the gut, skin, 
and respiratory tract, affecting the 
interactions between colonizing flora 
in maintaining health and promoting 
immunity; it is also possible 
that antibiotics and dysbiosis 
function as modulators of vascular 
development.34, 35 Although the full 
relationship between early neonatal 
antibiotic exposures and subsequent 
childhood health remains to be 
defined, current evidence suggests 
that such exposures do affect preterm 
infants. Physicians should consider 
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the risk/benefit balance of initiating 
antibiotic therapy for risk of EOS 
as well as for continuing empirical 
antibiotic therapy in the absence of a 
culture-confirmed infection.

RISK CATEGORIZATION FOR PRETERM 
INFANTS

Perhaps the greatest contributor 
to the nearly universal practice of 
empirical antibiotic administration 
to preterm infants is the uncertainty 
in EOS risk assessment. Because 
gestational age is the strongest 
predictor of EOS, and two-thirds of 
preterm births are associated with 
preterm labor, PROM, or clinical 
concern for intrauterine infection, 5 
risk stratification strategies cannot 
be applied to preterm infants in the 
same manner as for term neonates. In 
particular, the Neonatal Early-Onset 
Sepsis Risk Calculator does not apply 
to infants born before 34 0/7 weeks’ 
gestation.36 The objective of EOS risk 
assessment among preterm infants is, 
therefore, to determine which infants 
are at the lowest risk for infection 
and who, despite clinical instability, 
may be spared administration 
of empirical antibiotics. The 
circumstances of preterm birth may 
provide the best current approach to 
EOS management for preterm infants.

Preterm Infants at Lower Risk for 
EOS

Criteria for preterm infants to be 
considered at a lower risk for EOS 
include the following: (1) obstetric 
indications for preterm birth (such 
as maternal preeclampsia or other 
noninfectious medical illness or 
placental insufficiency), (2) birth by 
cesarean delivery, and (3) absence 
of labor, attempts to induce labor, or 
any ROM before delivery. Acceptable 
initial approaches to these infants 
might include (1) no laboratory 
evaluation and no empirical 
antibiotic therapy, or (2) a blood 
culture and clinical monitoring. For 
infants who do not improve after 
initial stabilization and/or those 

who have severe systemic instability, 
the administration of empirical 
antibiotics may be reasonable but is 
not mandatory.

Infants in this category who are born 
by vaginal or cesarean delivery after 
efforts to induce labor and/or ROM 
before delivery are subject to factors 
associated with the pathogenesis of 
EOS during delivery. If any concern 
for infection arises during the 
process of delivery, the infant should 
be managed as recommended below 
for preterm infants at a higher risk 
for EOS. Otherwise, an acceptable 
approach to these infants is to 
obtain a blood culture and to initiate 
antibiotic therapy for infants with 
respiratory and/or cardiovascular 
instability after birth.

Preterm Infants at Higher Risk for 
EOS

Infants born preterm because of 
cervical incompetence, preterm 
labor, PROM, chorioamnionitis or 
IAI, and/or acute and otherwise 
unexplained onset of nonreassuring 
fetal status are at the highest risk for 
EOS. In these cases, IAI may be the 
cause of preterm birth or a secondary 
complication of PROM and cervical 
dilatation. IAI may also be the 
cause of unexplained fetal distress. 
The most reasonable approach 
to these infants is to perform a 
blood culture and start empirical 
antibiotic treatment. Obtaining CSF 
for culture before the administration 
of antibiotics should be considered if 
the infant will tolerate the procedure 
and if it will not delay the initiation of 
antibiotic therapy.

LABORATORY TESTING

Blood Culture

In the absence of validated, clinically 
available molecular diagnostic tests, a 
blood culture remains the diagnostic 
standard for EOS. Newborn surface 
cultures and gastric aspirate analysis 
cannot be used to diagnose EOS, and 
a urine culture is not indicated in 

sepsis evaluations performed at <72 
hours of age. Modern blood culture 
systems use optimized enriched 
culture media with antimicrobial 
neutralization properties, 
continuous-read detection systems, 
and specialized pediatric culture 
bottles. Although concerns have 
been raised regarding incomplete 
detection of low-level bacteremia  
and the effects of intrapartum 
antibiotic administration, 27,  37  
these systems reliably detect 
bacteremia at a level of 1 to 10 
colony-forming units if a minimum 
of 1 mL of blood is inoculated; 
authors of several studies report 
no effect of intrapartum antibiotics 
on time to positivity.38 – 42 Culture 
media containing antimicrobial 
neutralization elements efficiently 
neutralize β-lactam antibiotics 
and gentamicin.39 A median blood 
culture time to positivity <24 hours is 
reported among VLBW infants when 
using contemporary blood culture 
techniques.29, 43 – 46 Pediatric blood 
culture bottles generally require 
a minimum of 1 mL of blood for 
optimal recovery of organisms.47, 48  
The use of 2 separate bottles  
may provide the opportunity to 
determine if commensal species are 
true infections by comparing growth 
in the two.49,  50 Use of 1 aerobic 
and 1 anaerobic culture bottle may 
optimize organism recovery. Most 
neonatal pathogens, including 
GBS, E coli, coagulase-negative 
Staphylococcus, and Staphylococcus 
aureus, will grow in anaerobic 
conditions. One study revealed that 
with routine use of both pediatric 
aerobic and adult anaerobic blood 
cultures, strict anaerobic species 
(primarily Bacteroides fragilis) 
were isolated in 16% of EOS cases 
in preterm infants with VLBW.29 An 
anaerobic blood culture is routinely 
performed among adult patients 
at risk for infection and can be 
used for neonatal blood cultures. 
Individual centers may benefit 
from collaborative discussion with 
the laboratory where cultures 
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of infection. Most studies in which 
the performance characteristics of 
the complete blood cell (CBC) count 
in predicting infection is addressed 
have been focused on term infants. 
In 1 large multicenter study, the 
authors assessed the relationship 
between the WBC count and culture-
confirmed EOS and analyzed data 
separately for infants born at <34 
weeks’ gestation.56 They found that 
all components of the CBC count 
lacked sensitivity for predicting 
EOS. The highest likelihood ratios 
(LRs) for EOS were associated with 
extreme values. A positive LR of >3 
(ie, a likelihood of infection at least 3 
times higher than the entire group of 
infants born at <34 weeks’ gestation) 
was associated with a WBC count 
of <1000 cells per μL, an absolute 
neutrophil count of <1000, and an 
immature-to-total neutrophil ratio of 
>0.25. A total WBC count of >50 000
cells per μL (LR, 2.3) and a platelet 
count of <50 000 (LR, 2.2) had a 
modest relationship to EOS.

Other Inflammatory Markers

Other markers of inflammation, 
including C-reactive protein (CRP), 
procalcitonin, interleukins (soluble 
interleukin 2 receptor, interleukin 6, 
and interleukin 8), tumor necrosis 
factor α, and CD64 are addressed 
in multiple studies.57 – 60 Both CRP 
and procalcitonin concentrations 
increase in newborn infants in 
response to a variety of inflammatory 
stimuli, including infection, asphyxia, 
and pneumothorax. Procalcitonin 
concentrations also increase 
naturally over the first 24 to 36 
hours after birth.60 Single values of 
CRP or procalcitonin obtained after 
birth to assess the risk of EOS are 
neither sufficiently sensitive nor 
specific to guide EOS care decisions. 
Consistently normal values of CRP 
and procalcitonin over the first 48 
hours of age are associated with the 
absence of EOS, but serial abnormal 
values alone should not be used 
to extend antibiotic therapy in the 

absence of a culture-confirmed 
infection.

TREATMENT OF PRETERM EOS

The microbiology of EOS in the 
United States is largely unchanged 
over the past 10 years. Authors of 
national surveillance studies continue 
to identify E coli as the most common 
bacteria isolated in EOS cases that 
occur among preterm infants, 
whether defined by a gestational age 
of <34 weeks or by a birth weight 
of <1500 g. Overall, E coli is isolated 
in approximately 50%, and GBS is 
isolated in approximately 20% of all 
EOS cases occurring among infants 
born at <34 weeks’ gestation.6 
Fungal organisms are isolated in 
<1% of cases. Approximately 10% 
of cases are caused by other Gram-
positive organisms (predominantly 
viridans group streptococci and 
enterococci), and approximately 
20% of cases are caused by other 
Gram-negative organisms. S aureus 
(approximately 1%–2%) and L 
monocytogenes (approximately 1%) 
are uncommon causes of preterm 
EOS.4,  6,  11 If an anaerobic culture is 
routinely performed, strict anaerobic 
bacteria are isolated in up to 15% 
of EOS cases among preterm infants 
with VLBW, with B fragilis being 
the predominant anaerobic species 
isolated.29

Ampicillin and gentamicin are the 
first choice for empirical therapy 
for EOS. This combination will be 
effective against GBS, most other 
streptococcal and enterococcal 
species, and L monocytogenes. 
Although two-thirds of E coli EOS 
isolates and most other Gram-
negative EOS isolates are resistant 
to ampicillin, the majority remain 
sensitive to gentamicin.6 Extended-
spectrum, β-lactamase-producing 
organisms are only rarely reported 
among EOS cases in the United States. 
Therefore, the routine empirical use 
of broader-spectrum antibiotics is 
not warranted and may be harmful.61 

are processed to optimize local 
processes.

CSF Culture

The incidence of meningitis is 
higher among preterm infants 
(approximately 0.7 cases per 
1000 live births at 22–28 weeks’ 
gestation)4 compared with the 
incidence in the overall birth 
population (approximately 0.02–0.04 
cases per 1000 live births).6,  10 In the 
study of differential EOS risk among 
very preterm infants, meningitis did 
not occur at all among lower-risk 
preterm infants.4 The true incidence 
of meningitis among preterm infants 
may be underestimated because of 
the common practice of performing a 
lumbar puncture after the initiation 
of empirical antibiotic therapy. 
Although most preterm infants 
with culture-confirmed early-onset 
meningitis grow the same organism 
from blood cultures, the concordance 
is not 100%, and CSF cell count 
parameters may not always identify 
meningitis.51 If a CSF culture has not 
been obtained before the initiation 
of empirical antibiotics, physicians 
should balance the physiologic 
stability of the infant, the risk of EOS, 
and the potential harms associated 
with prolonged antibiotic therapy 
when making the decision to perform 
a lumbar puncture in preterm infants 
who are critically ill.

White Blood Cell Count

The white blood cell (WBC) count, 
differential (immature-to-total 
neutrophil ratio), and absolute 
neutrophil count are commonly 
used to assess risk of EOS. Multiple 
clinical factors can affect the WBC 
count and differential, including 
gestational age at birth, sex, and 
mode of delivery.52 – 55 Fetal bone 
marrow depression attributable to 
maternal preeclampsia or placental 
insufficiency, as well as prolonged 
exposure to inflammatory signals 
(such as PROM), frequently result 
in abnormal values in the absence 
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Nonetheless, 1% to 2% of E coli cases 
were resistant to both ampicillin and 
gentamicin in recent surveillance 
studies by the Centers for Disease 
Control and Prevention, and B fragilis 
is not uniformly sensitive to these 
medications.6,  62 Therefore, among 
preterm infants who are severely 
ill and at the highest risk for Gram-
negative EOS (such as infants with 
VLBW born after prolonged PROM 
and infants exposed to prolonged 
courses of antepartum antibiotic 
therapy63 – 65), the empirical addition 
of broader-spectrum antibiotic 
therapy may be considered until 
culture results are available. 
The choice of additional therapy 
should be guided by local antibiotic 
resistance data.

When EOS is confirmed by a blood 
culture, a lumbar puncture should 
be performed if not previously done. 
Antibiotic therapy should use the 
narrowest spectrum of appropriate 
agents once antimicrobial 
sensitivities are known. The duration 
of therapy should be guided by 
expert references (eg, the American 
Academy of Pediatrics [AAP] Red 
Book: Report of the Committee on 
Infectious Diseases) and informed 
by the results of a CSF analysis and 
the achievement of sterile blood 
and CSF cultures. Consultation with 
infectious disease specialists should 
be considered for cases complicated 
by meningitis or other site-specific 
infections and for cases with complex 
antibiotic resistance patterns.

When initial blood culture results are 
negative, antibiotic therapy should 
be discontinued by 36 to 48 hours of 
incubation, unless there is evidence 
of site-specific infection. Persistent 
cardiorespiratory instability is 
common among infants with VLBW 
and is not alone an indication for 
prolonged empirical antibiotic 
administration. Continuing empirical 
antibiotic administration in response 
to laboratory test abnormalities alone 
is rarely justified, particularly among 
preterm infants born in the setting of 

maternal obstetric conditions known 
to affect fetal hematopoiesis.

PREVENTION STRATEGIES

The only proven preventive 
strategy for EOS is the appropriate 
administration of maternal 
intrapartum antibiotic prophylaxis. 
The most current recommendations 
from national organizations, 
such as the AAP, ACOG, and 
Centers for Disease Control and 
Prevention, should be followed 
for the administration of GBS 
intrapartum prophylaxis as well as 
for the administration of intrapartum 
antibiotic therapy when there 
is suspected or confirmed IAI. 
Neonatal practices are focused on the 
identification and empirical antibiotic 
treatment of preterm neonates 
at risk for EOS; these practices 
cannot prevent EOS. The empirical 
administration of intramuscular 
penicillin to all newborn infants to 
prevent neonatal, GBS-specific EOS 
is not justified and is not endorsed 
by the AAP. Neither GBS intrapartum 
antibiotic prophylaxis nor any 
neonatal EOS practice will prevent 
late-onset GBS infection or any other 
form of late-onset bacterial infection. 
Preterm infants are particularly 
susceptible to late-onset GBS 
infection, with approximately 40% 
of late-onset GBS cases occurring 
among infants born at ≤34 6/7 
weeks’ gestation.66,  67

SUMMARY POINTS

1. The epidemiology, microbiology, 
and pathogenesis of EOS differ 
substantially between term infants 
and preterm infants with VLBW.

2. Infants born at ≤34 6/7 weeks’ 
gestation can be categorized 
by level of risk for EOS by the 
circumstances of their preterm 
birth.

⚬ Infants born preterm by
cesarean delivery because of
maternal noninfectious illness

or placental insufficiency in the 
absence of labor, attempts to 
induce labor, or ROM before 
delivery are at a relatively low 
risk for EOS. Depending on the 
clinical condition of the neonate, 
physicians should consider 
the risk/benefit balance of an 
EOS evaluation and empirical 
antibiotic therapy.

⚬ Infants born preterm because of
maternal cervical incompetence,
preterm labor, PROM, clinical
concern for IAI, or acute onset
of unexplained nonreassuring
fetal status are at the highest risk
for EOS. Such neonates should
undergo EOS evaluation with
a blood culture and empirical
antibiotic treatment.

⚬ Obstetric and neonatal care
providers should communicate
and document the circumstances
of preterm birth to facilitate EOS
risk assessment among preterm
infants.

3. Clinical centers should consider 
the development of locally 
appropriate written guidelines 
for preterm EOS risk assessment 
and clinical management. After 
guidelines are implemented, 
ongoing surveillance, designed to 
identify low-frequency adverse 
events and affirm efficacy, is 
recommended.

4. The diagnosis of EOS is made by a 
blood or CSF culture. EOS cannot 
be diagnosed by laboratory tests 
alone, such as CBC count or CRP 
levels.

5. The combination of ampicillin 
and gentamicin is the most 
appropriate empirical antibiotic 
regimen for infants at risk for 
EOS. Empirical administration 
of additional broad-spectrum 
antibiotics may be indicated in 
preterm infants who are severely 
ill and at a high risk for EOS, 
particularly after prolonged 
antepartum maternal antibiotic 
treatment.
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6. When blood cultures are sterile, 
antibiotic therapy should be 
discontinued by 36 to 48 hours of 
incubation, unless there is clear 
evidence of site-specific infection. 
Persistent cardiorespiratory 
instability is common among 
preterm infants with VLBW and is 
not alone an indication for prolonged 
empirical antibiotic administration. 
Laboratory test abnormalities 
alone rarely justify prolonged 
empirical antibiotic administration, 
particularly among preterm infants 
at a lower risk for EOS.
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CLINICAL REPORT

Strategies for Prevention of Health Care–Associated
Infections in the NICU

abstract
Health care–associated infections in the NICU result in increased
morbidity and mortality, prolonged lengths of stay, and increased
medical costs. Neonates are at high risk of acquiring health care–
associated infections because of impaired host-defense mechanisms,
limited amounts of protective endogenous flora on skin and mucosal
surfaces at time of birth, reduced barrier function of their skin, use of
invasive procedures and devices, and frequent exposure to broad-
spectrum antibiotic agents. This clinical report reviews management
and prevention of health care–associated infections in newborn infants.
Pediatrics 2012;129:e1085–e1093

INTRODUCTION

Health care–associated infections in the NICU are infections acquired
in the hospital while receiving treatment of other conditions. Although
they are less likely to cause mortality than early-onset infections, they
have considerable health and economic consequences. Most health
care–associated infections in the NICU result from the instrumentation
and procedures required to preserve an infant’s life. Thus, it is not
possible to lower the rate of health care–associated infections merely
by limiting the use of procedures. Furthermore, it is no longer ac-
ceptable to consider health care–associated infections as a conse-
quence of neonatal intensive care. Rather, it is incumbent on clinicians
to minimize risks of infection by performing invasive procedures only
when needed and in the safest manner possible. There is evidence to
support the concept that proactive strategies to prevent health care–
associated infections in the NICU are possible,1–5 although data sup-
porting specific infection-control interventions in neonates are lacking.
Although neonates clearly have unique vulnerabilities, there is no rea-
son to believe that interventions shown to be effective in the pediatric
ICU or adult ICU would not be equally effective in the NICU. Because of
unique issues confronting the vulnerable neonate, however, these in-
terventions may require some accommodations and further study.

STRATEGIES FOR THE PREVENTION OF HEALTH CARE–ASSOCIATED
INFECTIONS

Hand Hygiene

Hand hygiene remains the most effective method for reducing health
care–associated infections.6 Hospitals with higher rates of hand hygiene
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compliance have lower rates of cen-
tral line bloodstream infection; how-
ever, compliance with hand hygiene
practices is less than optimal.7 A re-
cent meta-analysis concluded that
educational programs and multidisci-
plinary quality-improvement teams can
be effective in increasing compliance
with hand hygiene procedures8; how-
ever, each of the 33 studies included
more than 1 intervention, and it was
difficult to determine which was most
efficacious. The Centers for Disease
Control and Prevention (CDC) published
guidelines for hand hygiene in health
care settings in 2002.9 Although the
guidelines were widely accepted and
disseminated by members of the Na-
tional Nosocomial Infection Surveillance
System, a recent analysis demonstrated
that implementation of these guidelines
had no effect on hand hygiene compli-
ance rates (mean, 56.6%).10

The sixth edition of the Guidelines for
Perinatal Care11 recommends use of
an antiseptic soap or an alcohol-based
gel or foam for routine hand sanitizing
if hands are not visibly soiled. When
hands are visibly contaminated, they
should first be washed with soap and
water. Larson et al12 compared the ef-
fectiveness of a traditional antiseptic
hand wash with an alcohol hand sani-
tizer in reducing bacterial colonization.
There were no differences in mean
microbial counts on nurses’ hands or
infection rates among patients in the
NICU; however, nurses’ skin condition
improved during the alcohol phase.
Other studies have demonstrated the
effectiveness of alcohol-based prod-
ucts, but there are no data to suggest
they are superior. Compliance with hand
hygiene may be enhanced if alcohol-
based products are available at each
infant’s bedside.

In May 2009, the World Health Organi-
zation published new consensus rec-
ommendations for hand hygiene.13 The
guidelines provide a comprehensive

overview of hand hygiene in health
care and evidence- and consensus-
based recommendations for successful
implementation. Consensus recommen-
dations were categorized according to
the CDC/Healthcare Infection Control
Practice Advisory Committee grading
system (Tables 1 and 2). A partial list of
recommendations relevant to the NICU
is shown in Table 3.

Prevention of Central Line–
Associated Bloodstream Infections

Catheter-related bloodstream infec-
tions are the most common hospital-
acquired infections in the NICU. Central
line–related infections are in large part
a result of poor technique at the time
of placement and ongoing care of
the catheter site. Attempts to reduce
the incidence of central line–associated
bloodstream infections primarily fall in-
to 1 of 5 categories: (1) clinical practice
guidelines for the insertion and main-
tenance of indwelling lines14; (2) pro-
phylactic administration of antibiotic

agents (including antibiotic lock ther-
apy); (3) topical emollients to reduce
skin penetrance of bacteria; (4) promo-
tion of breastfeeding; and (5) gowning
for visitors and attendants. The goal of
all infection-control programs should
be to reduce the rate of central line–
associated bloodstream infections to
zero.

Both chlorhexidine (2%) and povidone-
iodine are recommended for skin an-
tisepsis in infants 2 months or older15,16;
however, chlorhexidine is not approved
by the US Food and Drug Administration
for infants younger than 2 months. In
a randomized trial, use of a chlorhexidine-
impregnated gauze dressing (0.5%
chlorhexidine gluconate in a 70% al-
cohol solution) in infants of very low
birth weight reduced central venous
catheter colonization when compared
with use of a 10% povidone-iodine scrub
but did not reduce the incidence of cen-
tral line–associated bloodstream infec-
tions.17 Notably, in the chlorhexidine
group, contact dermatitis occurred in

TABLE 1 Evidence Grading System

Ranking System for Evidence According to the CDC/Healthcare Infection Control Practice
Advisory Committee System

Category IA: Strongly recommended for implementation and strongly supported by well-designed
experimental, clinical, or epidemiologic studies.

Category IB: Strongly recommended for implementation and supported by some experimental, clinical,
or epidemiologic studies and a strong theoretical rational.

Category IC: Required for implementation, as mandated by federal and/or state regulation or standard.
Category II: Suggested for implementation and supported by suggestive clinical or epidemiologic
studies or a theoretical rationale or a consensus by a panel of experts.

TABLE 2 Infectious Diseases Society of America/US Public Health Service Grading System for
Ranking Recommendations for Clinical Guidelines

Category, Grade Definition

Strength of recommendation
A Good evidence to support a recommendation for use
B Moderate evidence to support a recommendation for use
C Poor evidence to support a recommendation for use

Quality of evidence
I Evidence from ≥1 properly randomized controlled trial
II Evidence from ≥1 well-designed clinical trial, without

randomization; from cohort or case-controlled analytic studies
(preferably from >1 center); from multiple time series; or
from dramatic results from uncontrolled experiments

III Evidence from opinions of respected authorities, based on
clinical experience, descriptive studies, or reports from
expert committees
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contamination include proper hand
hygiene, aseptic catheter insertion (in-
cluding use of a maximal sterile barrier
for catheter insertion and care [IA]),
use of a topical antiseptic (IA), and use
of sterile dressing (IA). Although trans-
parent dressings permit easier inspec-
tion of the catheter site, they have no
proven benefit in reducing infection.20

Catheter sites must be monitored
visually or by palpation on a daily basis
(IB) and should be redressed and
cleaned on a weekly basis (IA). In neo-
nates, there are no data indicating that
tunneled catheters have a lower risk of
infection than nontunneled catheters.21

After the first week of placement, intra-
luminal colonization after hub manipu-
lation and contamination is responsible

for most central line–associated blood-
stream infections.19 Mahieu et al22

demonstrated that the frequency of
catheter manipulations was directly
related to the frequency of central line–
associated bloodstream infections. Tub-
ing used to administer blood products
or lipid emulsions should be changed
daily (IB). Tubing used to infuse dex-
trose and amino acids should be re-
placed every 4 to 7 days. It is important
to remove all central venous catheters
when they are no longer essential (1A).
Many NICUs remove central catheters
when the volume of enteral feedings
reaches 80 to 100 mL/kg per day.
Topical antibiotic agents or creams
should not be used at the insertion
site for catheters (1B).

TABLE 3 World Health Organization Recommendations for Hand Hygiene

• Wash hands with soap and water when visibly dirty or soiled with blood or other body fluids (IB) or after using the toilet (II).
• Use of an alcohol-based hand rub for all routine antisepsis is recommended for all clinical settings if the hands are not soiled (IA). If an alcohol-based hand rub is

not obtainable, wash hands with soap and water (IB). Brushes are no longer recommended (even for surgical scrubs) (IB).
• Perform hand hygiene:

○ Before and after touching the patient (IB).
○ Before handling an invasive device for patient care, regardless of whether gloves are worn (IB).
○ After contact with body fluids or excretions, mucous membranes, nonintact skin, or wound dressings (IA).
○ If moving from a contaminated body site to another body site during care of the same patient (IB).
○ After contact with inanimate surfaces and objects (including medical equipment) in the immediate vicinity of the patient (IB).
○ After removing sterile (II) or nonsterile gloves (IB).

• Selection and handling of hand hygiene agents:
○ Provide products with a low irritancy potential (IB).
○ To maximize acceptance of hand hygiene products by health care workers, solicit input regarding the skin tolerance, feel, and fragrance of any products under
consideration (IB).

○ Determine any known interaction between products used to clean hands, skin care products, and the types of gloves used in the institution (II).
○ Ensure that dispensers are accessible at point of care (IB).
○ Provide alternative hand hygiene products for health care workers with confirmed allergies or adverse reactions to standard products (II).
○ When alcohol-based hand rub is available in the health care facility, use of antimicrobial soap is not recommended (II).
○ Soap and alcohol-based hand rub should not be used concomitantly (II).

• Use of gloves:
○ The use of gloves does not replace the need for hand hygiene (IB).
○ Wear gloves when it can be reasonably anticipated that contact with blood or other potentially infectious materials, mucous membranes, or nonintact skin will
occur (IC).

○ Remove gloves after caring for a patient. Do not wear the same pair of gloves for more than 1 patient (IB).
○ Change or remove gloves during patient care if moving from a contaminated body site to either another body site (including nonintact skin, mucous
membrane, or medical device) within the same patient or the environment (II).

• Other aspects of hand hygiene:
○ Do not wear artificial fingernails or extenders when having direct contact with the patient (IA).
○ Keep natural nails short.

• Hand hygiene promotion programs:
○ In hand hygiene–promotion programs for health care workers, focus specifically on factors currently found to have a significant influence on behavior and not
solely on the type of hand hygiene product. The strategy should be multifaceted and multimodal and include education and senior executive support for
implementation (IA).

○ Educate health care workers about the type of patient-care activities that can result in hand contamination and about the advantages and disadvantages of
various methods used to clean their hands (II).

○ Monitor health care workers’ adherence to recommended hand hygiene practices and provide them with performance feedback (IA).
○ Encourage partnerships between patients, their families, and health care workers to promote hand hygiene in the health care setting (II).

15% of neonates weighing less than 
1000 g. In a meta-analysis of studies 
comparing chlorhexidine gluconate so-
lution with a povidone-iodine solution, 
the overall risk reduction (for central 
line–associated bloodstream infections) 
with chlorhexidine gluconate compared 
with a povidone-iodine solution was 
approximately 50%.18

Extraluminal contamination of the intra-
cutaneous tract is believed to be re-
sponsible for catheter-related infections 
that happen in the week after place-
ment.19 Catheters are more mobile 
during the first week after insertion 
and can slide in and out of the in-
sertion site, drawing organisms down 
into the catheter tract. Techniques to 
reduce the likelihood of extraluminal
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Guidelines for the prevention of intra-
vascular catheter-related infections have
been published.23 These guidelines make
specific recommendations for umbilical
catheters. Levels of evidence are indi-
cated in parentheses (Table 4).

Recently, there has been a focus on
implementing “NICU care bundles” to
reduce the incidence of hospital-
acquired infections. Care bundles are
groups of interventions (extrapolated
from studies in adults or recommenda-
tions from professional organizations)
that are likely to be effective. This
multifaceted approach has reduced
the incidence of health care–associated
sepsis in each center or groups of cen-
ters where it has been implemented.24–27

Coagulase-negative staphylococci are
the most common cause of central line–
associated bloodstream infections in
the United States. Therefore, the use of
low-dose vancomycin in parenteral ali-
mentation solutions (at concentrations
above the minimal inhibitory concen-
tration) has been suggested as a way
to decrease the incidence of bacter-
emia attributable to coagulase-negative
staphylococci. Five randomized clinical
trials of low-dose vancomycin in pre-
term neonates have been conducted, all
of which date from the late 1990s. In 4
of the studies, there was a statistically
significant reduction in the incidence
of coagulase-negative staphylococcal
sepsis (relative risk [RR], 0.11; 95%
confidence interval [CI], 0.05–0.24)28;

however, there were no significant
differences in mortality or length of
stay. The use of antibiotic lock therapy
has also been investigated. Lock sol-
utions containing vancomycin are in-
stilled into the catheter lumen to
reduce intraluminal colonization. Most
randomized clinical trials of antibiotic
lock therapy have been completed in
adults and older children.29 A meta-
analysis of these trials demonstrated
a significant reduction in bloodstream
infections (RR, 0.49; 95% CI, 0.26–0.95).
Use of vancomycin as a true lock so-
lution (instilling it for a defined period
rather than flushing it through the
catheter) conferred greater benefit.
The single study of antibiotic lock
therapy in the neonatal population30

demonstrated a statistically signifi-
cant reduction in central line–associ-
ated bloodstream infections (RR, 0.13;
95% CI, 0.01–0.57). No increase in van-
comycin resistance occurred in this
study; however, the study was not suf-
ficiently powered to address that
question. Because of the concern for
development of vancomycin-resistant
organisms and the lack of long-term
efficacy data, neither continuous infu-
sions of vancomycin nor antibiotic lock
therapy can be recommended.

Invasive fungal infections are respon-
sible for 9% to 12% of health care–
associated infections in infants weighing
less than 1500 g.31 In a prospective
study from the National Institute for

Child Health and Human Development
research network, 9% of infants weigh-
ing less than 1000 g developed candi-
diasis.32 Death or neurodevelopment
impairment occurred in 73% of these
infants. Prophylactic fluconazole has
been suggested as a way to decrease
the incidence of invasive fungal dis-
ease. The rationale is that prevention
of fungal colonization in high-risk
infants will lower the risk of invasive
disease. A meta-analysis of 5 trials
comparing systemic fluconazole with
placebo, demonstrated a statistically
significant reduction in the incidence
of invasive fungal infections (RR, 0.48;
95% CI, 0.31–0.73)33; however, there
was no significant difference in the
incidence of death before discharge
from the hospital and insufficient data to
assess neurodevelopmental outcomes.
There is a concern that the use of
azoles to prevent fungal infections
will lead to an increase in fluconazole
resistance or will result in toxicity,
especially among the most immature
infants for whom there are limited
pharmacokinetic data.

In many NICUs, it is policy that care
providers and visitors wear gowns on
entering the nursery. Eight trials have
evaluated the benefit of gowning.34 A
meta-analysis demonstrated that there
was no significant effect of a gowning
policy on reducing the incidence of
systemic nosocomial infection (RR, 1.24;
95% CI, 0.90–1.71). For that reason,

TABLE 4 Guidelines for the Prevention of Intravascular Catheter-related Infections

1. Remove and do not replace umbilical artery catheters if any signs of central line–associated bloodstream infection, vascular insufficiency in the lower
extremities, or thrombosis are present (Category II).

2. Remove and do not replace umbilical venous catheters if any signs of central line–associated bloodstream infection or thrombosis are present (Category II).
3. Cleanse the umbilical insertion site with an antiseptic before catheter insertion. Avoid tincture of iodine because of the potential effect on the neonatal thyroid.
Other iodine-containing products (eg, povidone-iodine) can be used (Category IB).

4. Do not use topical antibiotic ointment or creams on catheter insertion sites because of the potential to promote fungal infections and antimicrobial resistance
(Category IA).

5. Add low doses of heparin (0.25–1.0 U/mL) to the fluid infused through umbilical arterial catheter (Category IB).
6. Remove umbilical catheters as soon as possible when no longer needed or when any sign of vascular insufficiency to the lower extremities is observed.
Optimally, umbilical artery catheters should not be left in place for more than 5 d (Category II).

7. Umbilical venous catheters should be removed as soon as possible when no longer needed but can be used up to 14 d if managed aseptically (Category II).
8. An umbilical catheter may be replaced if it is malfunctioning and there is no other indication for catheter removal and the total duration of catheterization has
not exceeded 5 d for an umbilical artery catheter or 14 d for an umbilical vein catheter (Category II).
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gowns should not be required for
routine admission to the NICU by health
care workers or visitors. Despite the
lack of overall benefit, gowns and
gloves should be worn when an infant
is colonized with a resistant or invasive
pathogen, consistent with appropriate
isolation requirements. Additional per-
sonal protective equipment may be
required on the basis of isolation re-
quirements of the specific pathogen or
clinical condition and the activity or
procedure to be performed.

Prevention of Health Care–
Associated Pneumonia

The CDC published guidelines for pre-
venting health care–associated pneu-
monia in 2003.35 These guidelines were
not specifically designed to address
the unique issues facing the mechan-
ically ventilated patient in the NICU;
however, many of the recommen-
dations are relevant to all patient
populations.

General concepts discussed in the CDC
document include the following:

1. Staff Education and Involvement in
Infection Prevention. All providers
should receive appropriate informa-
tion relating to the epidemiology of
and infection control procedures for
preventing health care–associated
pneumonia. There should be proce-
dures in place to ensure worker
competency, including performance
of appropriate infection-control ac-
tivities. Staff should be involved
with implementation of interventions
to prevent health care–associated
pneumonia using performance-
improvement tools and techniques
(IA).

2. Infection and Microbiologic Surveil-
lance. Surveillance for health care–
associated pneumonia in patients
in the NICU should be performed
to determine trends and help identify
outbreaks or other problems (IB).
Routine surveillance cultures of

patients or equipment should not
be performed (II).

3. Prevention of Transmission of Micro-
organisms. Within the NICU, risks for
acquisition of microorganisms that
could result in health care–associated
pneumonia can be reduced by (1)
proper sterilization or disinfection
and maintenance of equipment and
devices (IA), and (2) prevention of
person-to-person transmission of
bacteria by use of Standard Pre-
cautions as well as other isolation
practices when appropriate (IA).

4. Modifying Host Risk for Infection. As-
piration is a major risk for the de-
velopment of health care–associated
pneumonia. Devices such as endo-
tracheal tubes, tracheostomy tubes,
or enteral tubes should be removed
from patients as soon as appropri-
ate and clinically indicated (IB). In
the absence of medical contraindi-
cation(s), the head of the bed should
be elevated at an angle of 30 to 45
degrees for mechanically ventilated
patients (II). A comprehensive oral-
hygiene program should be followed
for the infant (II).

Suctioning practices and position of the
infant in the bed may influence tracheal
colonization. The use of closed-suctioning
systems allows endotracheal suctioning
without disconnecting patients from
the ventilator. Closed-suctioning meth-
ods reduce physiologic disruptions
(hypoxia and decrease in heart rate),
and NICU nurses judged them to be
easier to use than an open system.36,37

Closed-suctioning systems provide an
opportunity for bacterial contamination
when pooled secretions in the lumen
are reintroduced into the lower res-
piratory tract with repeat suctioning.
On the other hand, closed-suctioning
systems could potentially reduce envi-
ronmental contamination of the endo-
tracheal tube. In studies evaluating
mechanically ventilated adults, airway
colonization was more common when

closed-suctioning systems were used,38,39

but ventilator-associated pneumonia
rates were equal to or slightly less than
the rates among patients managed with
open systems.38–40 CDC recommen-
ations35 do not endorse one system
over the other, and there is no recom-
mendation addressing the frequency at
which closed-suctioning systems should
be changed.

Tracheal colonization from oropharyn-
geal contamination is less common
among neonates on mechanical venti-
lation when the neonates are placed in
a lateral position on the bed as com-
pared with the supine position (30% for
lateral versus 87% for supine; P <
.01).41 Keeping the endotracheal tube
and the ventilator circuit in a horizon-
tal position might reduce tracking of
oropharyngeal sections down into the
lower respiratory tract.42 The lateral
position also is associated with reduced
aspiration of gastric secretions into the
trachea.41 Using a nonsupine position
may reduce the risk of ventilator-
associated pneumonia.43

Other Strategies to Reduce Health
Care–Associated Infections in the
NICU

The skin of the preterm newborn infant
has compromised barrier and immune
function. In addition, the skin of the
extremely preterm infant can be easily
damaged and serve as a portal for the
entry of organisms into the blood-
stream. Topical emollients have been used
to decrease transepidermal water losses
and have been suggested as a method
to decrease health care–associated in-
fections. In a meta-analysis of 4 trials
completed in industrialized countries, a
significantly increased risk of coagulase-
negative staphylococcal infection was
found in infants treated with prophy-
lactic topical ointment.44 In contrast,
infants born at <33 weeks’ gestation
in Bangladesh treated topically with
sunflower oil were 41% less likely to
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develop health care–associated infec-
tions than were control infants.45 The
lack of effectiveness of topical emol-
lients in industrialized countries may
be attributable to different mechanisms
of transcutaneous sepsis. In indus-
trialized countries, instrumentation is
used more commonly, and sites of
insertion can serve as a portal for
bacterial invasion. In developing coun-
tries, environmental contamination and
malnutrition play a greater role, and
invasive devices are used less fre-
quently. Therefore, bacterial invasion
is likely attributable to microscopic
sites of skin barrier compromise,
which might be protected by the use
of an emollient.

The use of human milk feedings has
been associated with a lower risk of
sepsis and necrotizing enterocolitis in
preterm infants.46 Human milk contains
a large number of immunoprotective
substances, prebiotics, and probiotics
and has been shown to decrease the
incidence of gastrointestinal and res-
piratory infections in infancy.47 Although
a number of randomized clinical trials
and cohort studies have concluded that
human milk feedings had a protective
effect on infection in preterm infants, a
meta-analysis of 9 studies (6 cohort and
3 randomized clinical trials from India)
failed to show an advantage of human
milk feedings.48 The authors believed
there were serious methodologic flaws
in all of the cohort studies, “including
poor study design, inadequate sample
sizes, neglecting to account for some
confounders, failure to eliminate the
effects associated with maternal choice
of feeding method and other sociode-
mographic variables.” In addition, the
definition of human milk feedings was
not consistent among studies. It is
important to note that necrotizing
enterocolitis was excluded from this
systematic review.

A number of other practices may provide
opportunities to reduce colonization of

the critically ill neonate with health
care–associated pathogens or to mod-
ify the risk of developing disease if
colonized. Specific practices that may
provide benefit include (1) appropriate
vaccination of health care workers (eg,
influenza vaccine and tetanus toxoid,
reduced diphtheria toxoid, and acellu-
lar pertussis, adsorbed); (2) cohorting
in selected outbreak situations; and
(3) visitation guidelines to identify ill/
infected visitors.

Antibiotic Use and Misuse

The use and misuse of antibiotics can
be associated with alteration in neo-
nates’ microflora and the development
of antibiotic resistance. This is a par-
ticular concern within the confines of
a NICU, where there is a population of
vulnerable children who have medical
conditions that may require frequent
and/or prolonged antibiotic use, long
hospitalizations, crowded conditions,
and frequent contact and interventions.

Antimicrobial resistance can be intrin-
sic (ie, present without exposure to
antimicrobial agents) or acquired. An
example of intrinsic resistance is the
resistance of Gram-negative organisms
to vancomycin. Acquired antimicrobial
resistance is driven by antimicrobial
exposure, as is seen in methicillin-
resistant Staphylococcus aureus and
the extended-spectrum β-lactamase
(ESBL)-producing organisms. These pat-
terns of resistance represent adapta-
tions of bacteria to antibiotic exposure.

Judicious use of antibiotic agents is
commonly recommended as appropri-
ate in the NICU, but it is not commonly
practiced. The critically ill nature of
patients in the NICU prompts frequent
and prolonged use of antimicrobial
agents. Judicious use of antibiotic ag-
ents in the NICU would include limiting
use to only those situations in which a
bacterial infection is likely, discontinu-
ing empirical treatment when a bacte-
rial infection has not been identified,

changing the antibiotic agents admin-
istered to those with the narrowest
spectrum on the basis of susceptibility
testing, and treating for the appropriate
duration. Although clinical situations
will vary, these principles remain con-
sistent. It is also relevant to consider the
potential for different antibiotic agents
to drive the development of resistance.
ESBL-producing organisms (primarily
Gram-negative enteric agents) are pres-
ent inmany NICUs because of the frequent
use of third-generation cephalosporins
and other broad-spectrum β-lactam
antibiotic agents. Curtailing the use of
third-generation cephalosporins and
using other antibiotic agents, such as
aminoglycosides for empirical therapy,
has been associated with less antibiotic
resistance, including ESBL-producing
organisms. Good infection-control prac-
tices also play a significant role in
reducing horizontal transmission of
antibiotic-resistant bacteria.

The Infectious Diseases Society of
America and the Society for Healthcare
Epidemiology of America have devel-
oped guidelines for “Antimicrobial
Stewardship” to reduce antimicrobial
resistance.49 These guidelines are de-
signed to address programmatic changes
that improve control of antibiotic re-
sistance (see Table 1 for levels of evi-
dence). Strategies that might be helpful
in the NICU setting include the follow-
ing: (1) auditing antimicrobial use of
practitioners and providing feedback
(IA); (2) formulary restriction and pre-
authorization requirements for selected
antimicrobial agents (IB); (3) education
of prescribers and nurses concerning
the role of antimicrobial use and the
development of resistance (IB); (4) de-
velopment of clinical guidelines/pathways
for selected conditions (IA); (5) anti-
microbial order forms (IB); (6) spe-
cific plans for streamlining (broad- to
narrow-spectrum antibiotic agents)
or deescalating (elimination of redun-
dant or unnecessary) antimicrobial
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agents (IB); (7) dose optimization on
the basis of individual characteristics
(eg, weight, renal status, drug-drug
interactions) (IB); and (8) switching
from parenteral to oral antibiotic agents
when appropriate and feasible (IB).
Data are not sufficient to recommend
antimicrobial cycling or routine use
of combination therapy merely to prevent
the development of resistance; however,
antimicrobial combinations may be
valuable for preventing development of
resistance in specific circumstances.

CONCLUSIONS

Health care–associated infections are
an important medical morbidity fac-
ing an already vulnerable group of
infants. The epidemiology and strate-
gies that can reduce these infections
are well known; however, implementa-
tion of strategies that can influence the
occurrence of health care–associated
infections within the NICU requires a
concerted team effort by all individuals
who participate in the care of these
infants. Each care provider must un-
derstand his or her role in prevent-
ing health care–associated infections
and have a willingness to modify be-
haviors such that they comply with
recognized infection-control practices.
All too frequently, the health of a tiny
infant whose life is being saved
through the use of the best in 21st-
century technology is jeopardized by
the smallest of acts—such as a care
provider neglecting to wash his or her
hands. Recognition of the importance
of even the most basic care practices

can result in behavior modification
within the NICU and improve com-
pliance with established infection-
control practices.
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CLINICAL REPORT

Assessment and Management of Inguinal Hernia in
Infants

abstract
Inguinal hernia repair in infants is a routine surgical procedure. How-
ever, numerous issues, including timing of the repair, the need to ex-
plore the contralateral groin, use of laparoscopy, and anesthetic
approach, remain unsettled. Given the lack of compelling data, consid-
eration should be given to large, prospective, randomized controlled
trials to determine best practices for the management of inguinal her-
nias in infants. Pediatrics 2012;130:768–773

INTRODUCTION

Inguinal hernia is a common condition requiring surgical repair in the
pediatric age group. The incidence of inguinal hernias is approximately
3% to 5% in term infants and 13% in infants born at less than 33 weeks
of gestational age.1 Inguinal hernias in both term and preterm infants
are commonly repaired shortly after diagnosis to avoid incarceration
of the hernia. Given the lack of definitive data, optimal timing for
repair of inguinal hernias in infants remains debatable. This report
reviews the embryology and natural history of inguinal hernias as
well as published data regarding the timing and approach to inguinal
hernia repair in infants.

EMBRYOLOGY AND NATURAL HISTORY OF THE PATENT
PROCESSUS VAGINALIS

Complete understanding of the issues related to surgical repair of an
inguinal hernia requires an understanding of the embryology of de-
scent of the testes and the formation of the processus vaginalis.

Testicular descent involves 2 phases: intra-abdominal and extra-abdominal.2

During the intra-abdominal phase, the testis, which derives from the
bipotential gonad originating at the urogenital ridge, is attached to the
diaphragm by the craniosuspensory ligament. In the male fetus, re-
gression of the craniosuspensory ligament results in transabdominal
migration of the testis between 8 and 15 weeks postconception. Simul-
taneously, there is thickening of the gubernaculum, which attaches the
testis to the scrotum through the external and internal rings of the
inguinal canal. As the male fetus grows and the abdomen elongates,
the testis is essentially anchored by the thickened gubernaculum.3 In the
female fetus, the craniosuspensory ligament is maintained; hence,
the ovary retains its dorsal (retrocoelomic or retroperitoneal)
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of inguinal hernia repair. Thus, most
reported rates of bilateral PPV are
derived from observations in patients
with symptomatic unilateral inguinal
hernias and likely overestimate the
true prevalence of PPV in the general
population. Rowe et al reported a 64%
rate of contralateral PPV identified at
the time of inguinal hernia repair in
infants younger than 2 months. Repor-
ted rates of contralateral PPV decrease
to between 33% and 50% in children
younger than 1 year of age and are as
low as 15% by 5 years of age.12–16 Not
all cases of PPV result in inguinal her-
nias. The estimated childhood risk of
developing an inguinal hernia if there
is a PPV is between 25% and 50%.17,18

Even though the true prevalence of
a PPV in the general pediatric pop-
ulation is likely lower than contralat-
eral PPV reported at the time of hernia
repair, it is clearly greatest at birth
and declines with increasing age.

RATIONALE AND TIMING FOR
ELECTIVE INGUINAL HERNIA
REPAIR IN INFANTS

All inguinal hernias in infants are
repaired to avoid the risk of in-
carceration of bowel and gonadal in-
farction and atrophy.19–22 However, these
risks must be balanced against the risk
of potential operative and anesthetic
complications. Unfortunately, data re-
garding these risks are not definitive.

Many investigators have sought to
define the risk of inguinal hernia in-
carceration in young children. How-
ever, the physical features of hernia,
such as the size of the abdominal wall
defect, the amount of the herniating
intestine, and the ease with which it
can be reduced, do not consistently
predict the risk of incarceration.
Attempts have been made to correlate
the age at diagnosis, the duration
between diagnosis and hernia repair,
and infants’ gestational age with risk
of inguinal hernia incarceration. Notably,

in an analysis of a Canadian adminis-
trative database containing more than
1000 children with inguinal hernia,
Zamakshary et al showed that children
younger than 1 year had a twofold
greater risk of inguinal hernia in-
carceration when repair was performed
≥14 days after diagnosis compared with
children who had repair performed be-
tween 1 and 2 years of age.23 Vaos et al
reported a retrospective analysis of
preterm infants undergoing inguinal
hernia repair at 1 of 2 institutions.24 They
noted that infants undergoing repair
later than 1 week after diagnosis were
at significantly greater risk of inguinal
hernia incarceration, postoperative her-
nia recurrence, and testicular atrophy,
compared with infants undergoing ear-
lier repair. Lautz et al analyzed the risk
of inguinal hernia incarceration in ap-
proximately 49 000 preterm infants us-
ing the 2003 and 2006 Kids’ Inpatient
Databases.25 They determined that the
overall rate of inguinal hernia incar-
ceration was approximately 16% and
that the risk was greatest in infants in
whom surgery was delayed beyond 40
weeks’ corrected gestational age (21%)
compared with those repaired between
36 and 39 weeks (9%) corrected age or
less than 36 weeks corrected gesta-
tional age (11%). Furthermore, 28% of
former preterm infants undergoing
repair during a subsequent hospitali-
zation were noted to have inguinal
hernia incarceration, suggesting an
even greater risk with further delay.
Although fraught with limitations in-
herent to administrative databases,
the conclusions of this study are
compelling.

Conversely, other data indicate that
delay in inguinal hernia repair is as-
sociated with low rates of inguinal
hernia incarceration. Lee et al reported
a 4.6% rate of hernia incarceration in
172 former preterm infants within
a single Kaiser system hospital. Of the
127 infants who were discharged from

intra-abdominal location. In addition, 
the gubernaculum does not thicken but 
persists as the ovarian round ligament.
The second phase occurs between 25 
and 35 weeks of gestation.4 The testis 
descends from its retroperitoneal, 
intra-abdominal location through the 
inguinal canal, drawing with it an 
extension of the peritoneal lining, 
which defines the processus vaginalis. 
Normally, the processus vaginalis 
obliterates and involutes, leaving no 
communication between the intra-
abdominal peritoneal cavity and the 
extra-abdominal inguinal canal and 
scrotum. This enveloping involuted 
layer is the tunica vaginalis. Both 
human in vitro tissue culture and ro-
dent model studies implicate genito-
femoral nerve innervation as critical 
for regulation of gubernacular length 
as well as obliteration of the proc-
essus vaginalis.5–7 Incomplete invo-
lution results in a patent processus 
vaginalis (PPV), through which fluid 
can travel and accumulate extra-
abdominally as a hydrocele. If the com-
munication is large, intra-abdominal 
structures such as bowel may herni-
ate, resulting in an indirect inguinal 
hernia. The relation of the processus 
vaginalis with testicular descent is 
thought to explain why more than 90%
of pediatric inguinal hernias are di-
agnosed in boys.1 Involution of the left 
processus vaginalis precedes that of 
right, which is consistent with the ob-
servation that 60% of indirect inguinal 
hernias occur on the right side.8

The prevalence of PPV is highest 
during infancy and declines with age. 
Congenital hydroceles, which are es-
sentially clinically apparent PPV, usu-
ally resolve spontaneously within 18 to 
24 months.9,10 The reported preva-
lence of PPV is as high as 80% in term 
male infants.11 However, this preva-
lence is generally extrapolated from 
findings at time of exploration of the 
contralateral internal ring during time
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the hospital with known inguinal her-
nias and scheduled for a planned
elective outpatient repair, there were
no episodes of inguinal hernia in-
carceration while awaiting repair.26

Uemura et al reported comparable in-
guinal hernia incarceration rates in 19
preterm infants (birth weight range
492–2401 g) who underwent repair at
more than 2 weeks after diagnosis,
compared with 21 preterm infants who
underwent more urgent repair.27 Al-
though these studies suggest that in-
guinal hernia repair can be delayed,
the data are not as compelling as
those suggesting repair on a more
urgent basis.

Inguinal hernia repair is associated with
operative complications, including her-
nia recurrence, vas deferens injury, and
testicular atrophy, the rates of which
vary from 1% to 8%.28–31 Long-term
complications include chronic pain and
infertility in adulthood.32 In a single-
institution, retrospective analysis, Moss
et al observed low recurrence and
complication rates up to 5 years after
surgical repair in infants younger than 2
months of age.33 Conversely, a retrospec-
tive analysis by Baird et al revealed
a higher rate of complications in infants
who were 43 weeks’ corrected gesta-
tional age or younger, compared with
those who underwent repair at an older
age.34 They speculated that the greater
friability of the hernia sac in former
preterm infants predisposes to repair
failure.

Early repair of inguinal hernias in
preterm infants must be further bal-
anced against the risk of postoperative
apnea after general anesthesia. His-
torically, the rate of postoperative
apnea in preterm infants has been
reported to be as high as 49%.35,36 The
risk of postoperative apnea is asso-
ciated with perioperative anemia and
a history of preoperative apnea as
well as associated comorbidities.35,37

Vaos et al noted that preterm infants

undergoing inguinal hernia repair
within 1 week of diagnosis experienced
a significantly greater rate of apnea
compared with those undergoing repair
later.24 Melone et al reported on a co-
hort of 127 former preterm infants
(mean gestational age, 32.7 weeks) who
underwent outpatient inguinal hernia
repair at a mean corrected gestational
age of 45.3 weeks. The authors identi-
fied only 2 infants who experienced
episodes of apnea: 1 in the operating
room, the other postdischarge. They
concluded that because the apnea rate
is so low, elective outpatient inguinal
hernia repair is a feasible option for
preterm infants. Lee et al reported no
episodes of apnea in a cohort of pre-
term infants (30.7 weeks’ gestation at
birth) undergoing outpatient elective
hernia repair.26 However, the authors
noted that 13 of 45 former preterm
infants who underwent elective inguinal
hernia repair before discharge from
the NICU remained intubated for longer
than 2 days postoperatively.

Younger corrected gestational age is
associated with a greater risk of ap-
nea.38 Allen et al noted a nearly 9% rate
of postoperative apnea in their cohort
of 57 preterm infants undergoing in-
guinal hernia repair.39 In a subset
analysis, infants who experienced ap-
nea episodes tended to be younger (41
weeks’ corrected gestational age com-
pared with 47 weeks’ corrected gesta-
tional age); had significantly higher
perioperative risk, as measured by
American Society of Anesthesia scores
(2.6 compared with 1.8); and were
more likely to have received intra-
operative narcotic and muscle re-
laxation compared with infants who
were not apneic. A recent meta-analysis
concluded that former preterm infants
undergoing general anesthesia who
are less than 46 weeks’ corrected
gestational age should be observed for
at least 12 hours postoperatively and
that those who are between 46 and 60

weeks’ corrected gestational age should
receive more individualized care on the
basis of the presence or absence of
associated comorbidities.40

To reduce the incidence of postoperative
apnea, spinal, rather than general, an-
esthesia has been used for inguinal
hernia repair in preterm infants.41–43

Although some studies have been en-
couraging, none have been adequately
powered. Indeed, Craven et al pub-
lished a Cochrane Collaboration analy-
sis in which only 108 patients from 4
small randomized or quasi-randomized
studies comparing spinal and general
anesthesia were identified.44 The authors
concluded that there was no evidence
that spinal anesthesia was associated
with a reduction in postoperative apnea,
bradycardia, or oxygen desaturation.
Furthermore, the authors concluded
that a large, randomized controlled
trial was necessary to determine
whether spinal anesthesia reduces
postoperative cardiorespiratory com-
plications; to date, no such study has
been reported.

Over the past decade, studies per-
formed in rodents and nonhuman pri-
mates have shown a dose-dependent
association of neuronal apoptosis with
general anesthetic agents, including
ketamine, propofol, and isoflurane.45–47

Importantly, there is emerging evidence
that the use of general anesthesia
in infancy may be associated with
long-term neurocognitive and de-
velopmental problems, specifically
after multiple exposures to general
anesthesia before 3 years of age.48

DiMaggio et al, using a New York State
Medicaid database, showed that chil-
dren younger than 3 years who were
given general anesthesia for inguinal
hernia repair had a greater than
twofold risk of developmental or be-
havioral disorders than did age-
matched control children.49 A poten-
tial bias of this study is that children
undergoing surgery at a young age may
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a balance of the risks of inguinal hernia
incarceration and of postoperative re-
spiratory complications. At present, the
literature does not clearly define what
these risks are and how they should be
balanced.

CONTRALATERAL INGUINAL
EXPLORATION

The utility of contralateral inguinal
exploration in children is an area
of active debate. The rationale for
attempting to diagnose a contralateral
PPV is that repair can be performed to
prevent any potential contralateral
incarceration with no additive anes-
thetic risk. Historically, surgeons per-
formed routine open contralateral
inguinal explorations to identify PPV in
either all children or in selected pop-
ulations (ie, former preterm infants
or children younger than 2 years).
Marulaiah et al suggested that routine
contralateral exploration is not in-
dicated, given the risks associated with
such exploration, such as spermatic
cord injury.55 Alternatively, given the
high incidence of subsequent hernias if
a contralateral PPV is encountered,
others support routine exploration.13,56,57

Lee et al indicated that it is cost-
effective to perform routine contralat-
eral groin explorations.58 Results from
the aforementioned 2005 survey of
American Academy of Pediatrics Sec-
tion on Surgery members revealed a
variety of practices; 15% of respon-
dents indicated that they never explore
the contralateral side in a male pa-
tient, 12% responded that they always
do, and 73% responded that they had
an age cutoff beyond which they would
not explore.53 Respondents also had
a wide variation of practices when
caring for a girl with a unilateral her-
nia. For both male and female patients
with hernias, however, results of the
survey revealed that there were sig-
nificant reductions in the routine
explorations of the contralateral side

compared with results from the same
survey performed in 1996.54 Various
diagnostic modalities, such as the
physical examination, herniography, or
ultrasonographic examination are not
particularly sensitive or specific, thus
making these efforts unreliable.56,59

With the advent of laparoscopic tech-
niques, inspection of the contralateral
internal ring has become increasingly
popular as the method of choice for
evaluating for a PPV. According to
survey responses, use of laparoscopy
as the modality with which to explore
the contralateral ring has increased
from 6% in 1996 to 37% in 2005.53,54

Use of laparoscopy to explore the
contralateral groin has likely increased
since then.

LAPAROSCOPIC APPROACH TO
INGUINAL HERNIA REPAIR IN
INFANTS

Laparoscopic repair has been used ef-
fectively in preterm infants. Various
techniques have been described, but all
routinely use a port placed in the um-
bilicus to visualize the internal ring.
Reported hernia recurrence rates are
comparable to those associated with
open repair.60,61 However, data regarding
the risk of testicular atrophy are not
available.62,63 A prospective, randomized,
single-blinded trial comparing laparo-
scopic to open repair of inguinal her-
nias showed that children who were
older than 3 months of age when lap-
aroscopic repair was performed re-
quired significantly fewer doses of pain
medication.64 The utility of laparoscopic
repair of inguinal hernias in younger
infants remains undetermined to date.

CONCLUSIONS

� Inguinal hernias are common in the
infant population. The risk of hernia
incarceration drives the preference
to pursue surgical repair.

� Data regarding optimal timing of re-
pair are conflicting and inadequate.

also be predisposed to learning or 
cognitive disorders. Bartels et al at-
tempted to address this issue by using 
the Netherlands Twin Registry to evalu-
ate monozygotic concordant-discordant 
twins. In a study of 1143 monozygotic 
twin pairs, exposure to anesthesia be-
fore 3 years of age was associated with 
reduced educational achievement.50 How-
ever, there was no difference in out-
come between twin pairs when one 
twin had undergone anesthesia and the 
other had not. The authors concluded 
that there is no causal relationship be-
tween anesthesia exposure and learn-
ing disabilities. Hansen et al recently 
compared ninth-grade test scores of 
nearly 2700 Swedish children who had 
undergone inguinal hernia repair as 
infants with those of randomly selected 
age-matched controls and found no 
difference in test performance.51 Clearly, 
the issue of whether anesthetic expo-
sure as an infant affects long-term 
neurodevelopment is unsettled. Two 
large clinical studies are under way to 
address this issue.52

Ultimately, the timing of preterm infant 
inguinal hernia repair varies widely in 
practice. In a 2005 survey of members 
of the American Academy of Pediatrics 
Section on Surgery, 63% reported 
routinely performing hernia repairs 
just before discharge from the NICU, 
18% performed repairs at a specific 
corrected gestational age, and 5%
performed repairs when it was con-
venient.53 If a hernia was discovered 
after discharge, 53% of respondents 
would repair the hernia when it was 
convenient, and 27% of respondents 
would wait to repair until the infant 
was between 38 and 60 weeks’ cor-
rected gestational age (mean, 53.1 
weeks’ corrected gestational age). In 
a previous survey performed in 1993, 
surgeons were more likely to repair an 
inguinal hernia when convenient.54

Timing of inguinal hernia repair in 
preterm and term infants represents
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� There is no consensus on when or
if contralateral inguinal explora-
tion is necessary.

� Data regarding a laparoscopic ap-
proach to inguinal hernia repairs
suggest that it is comparable to
the standard open technique.

� Given the lack of data supporting
evidence-based approaches to ingui-
nal hernias in infants, consideration
should be given to large, prospective,
randomized, controlled trials to an-
swer these important questions.
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Hypothermia and Neonatal Encephalopathy

abstract
Data from large randomized clinical trials indicate that therapeutic
hypothermia, using either selective head cooling or systemic cooling,
is an effective therapy for neonatal encephalopathy. Infants selected for
cooling must meet the criteria outlined in published clinical trials. The
implementation of cooling needs to be performed at centers that have
the capability to manage medically complex infants. Because the ma-
jority of infants who have neonatal encephalopathy are born at com-
munity hospitals, centers that perform cooling should work with their
referring hospitals to implement education programs focused on in-
creasing the awareness and identification of infants at risk for enceph-
alopathy, and the initial clinical management of affected infants.
Pediatrics 2014;133:1146–1150

BACKGROUND

In 2005, the National Institute of Child Health and Human Development
(NICHD) convened a workshop to evaluate the status of knowledge
regarding the safety and efficacy of hypothermia as a neuroprotective
therapy for neonatal hypoxic-ischemic encephalopathy.1 Shortly
thereafter, the Committee on Fetus and Newborn of the American
Academy of Pediatrics published a commentary supporting the rec-
ommendation of the workshop that the widespread implementation of
hypothermia outside the limits of controlled trials was premature.2 In
2010, the Eunice Kennedy Shriver NICHD organized a follow-up to the
2005 workshop to review available evidence.3 The purpose of this
clinical report is to review briefly the current knowledge regarding
the efficacy and safety of therapeutic hypothermia, to point out major
gaps in knowledge that were identified at the 2010 workshop, and to
suggest a framework for the implementation of hypothermia. The
intended audience is neonatal/perinatal medicine practitioners.

PRELIMINARY STUDIES

Neuronal rescue of encephalopathic newborn infants using induced hy-
pothermia is one of the few therapeutic modalities in neonatology that was
studied extensively in animal models before clinical application in humans.
From animal studies, it was noted that cooling the brain to approximately
32°C to 34°C starting within 5.5 hours after a hypoxic/ischemic insult and
continuing to cool for 12 to 72 hours resulted in improved neuropatho-
logic and functional outcomes.4 After showing consistent benefit in animal
models, the safety, feasibility, and practicality of using induced hypo-
thermia in infants who have neonatal encephalopathy were investigated in
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several small studies. Data from these
preliminary clinical studies indicated
that reducing body temperature by 2°C
to 3°C for a prolonged period of time
was possible and that the changes in
blood pressure, heart rate, and cardiac
output noted were of little clinical sig-
nificance.5–7

Large Randomized Clinical Trials of
Hypothermic Neural Rescue
(Table 1)

Six large randomized clinical trials
of induced hypothermia for neonatal

encephalopathy were published from
2005 to 2011.8–13 Although there were
some differences in the method of cool-
ing and selection of subjects, in all trials
infants were at least 35 weeks’ gestation
at birth; randomization was completed
within 6 hours of birth; the target tem-
perature was 33.5°C to 34.5°C; the inter-
vention period was 72 hours, followed
by slow rewarming (0.5°C/hour); and
the primary outcome measure was the
combined rate of death or disability,
assessed at 18 to 22 months of age.
Some trials used preferential head

cooling with mild body cooling,8,11 and
others used whole-body cooling9,10,12,13;
however, all trials continuously moni-
tored both the degree of cooling and
core body temperature. In addition, 3
trials used either amplitude-integrated
electroencephalography (aEEG) or elec-
troencephalography (EEG) for the as-
sessment of severity of encephalopathy
and enrollment of infants.8,10,12

Each of the 6 published trials was
powered to detect a difference in the
primary composite outcome of death
or disability at 18 to 24 months of age,
and all showed a benefit with cooling;
in 4 of the 6 studies, this reached
statistical significance. Rates of death
or disability were similar in the control
groups for 4 of the 6 studies, sug-
gesting that patient selection and
treatment were likely similar in these
trials.8–10,13 A published meta-analysis
that included a small pilot study5 as
well as the 6 large published clinical
trials demonstrated a reduction in the
relative risk (RR) of the composite
outcome of death or major neuro-
developmental disability at 18 to 24
months of age by 24% (RR, 0.76; 95%
confidence interval [CI], 0.69–0.84).14 A
beneficial effect was noted both in
infants who had moderate encepha-
lopathy (RR, 0.67; 95% CI, 0.56–0.81)
and those who had severe encepha-
lopathy (RR 0.83; 95% CI, 0.74–0.92).
The number of infants who need to be
treated to prevent 1 infant from dying
or becoming disabled is 6 for infants
who have moderate encephalopathy and
7 for those who have severe encepha-
lopathy. A review by the Cochrane col-
laboration that included 11 randomized
controlled trials comprising 1505 term
and late preterm infants who had
moderate/severe encephalopathy demon-
strated similar results.15 The reduction
in death or major neurodevelopmental
disability to 18 months of age for treated
infants was 25% overall; 32% for infants
who had moderate encephalopathy and

TABLE 1 Therapeutic Hypothermia Clinical Trials

Clinical Trial Entry Criteria

CoolCap Gestational age ≥36 weeks and ≤6 hours of age
AND

Apgar score ≤5 at 10 minutes after birth
OR

Continued need for resuscitation at 10 minutes after birth
OR

pH <7.00 or base deficit ≥16 mmol/L or more on an umbilical
cord blood sample or an arterial or venous blood sample

obtained within 60 minutes of birth
AND

Moderate or severe encephalopathy on clinical examination
AND

Moderately or severely abnormal background of at least 20
minutes’ duration or seizure activity on amplitude integrated

electroencephalogram (aEEG) after one hour of age

Whole Body Cooling Gestational age ≥36 weeks and ≤6 hours of age
AND

pH ≤7.00 or base deficit ≥16 mmol/L in an umbilical cord
blood sampleor any blood sample obtained within the first

hour after birtha

AND
Moderate or severe encephalopathy on clinical examination

TOBY Gestational age ≥36 weeks and ≤6 hours of age
AND

Apgar score ≤5 at 10 minutes after birth
OR

Continued need for resuscitation 10 minutes after birth
OR

pH <7.00 or base deficit ≥16 mmol/L on umbilical cord
or arterial or capillary blood sample obtained

within 60 minutes after birth
AND

Moderate or severe encephalopathy on clinical examination
AND

Abnormal background activity of at least 30 minutes’
duration or seizures on amplitude integrated

electroencephalogram (aEEG)
a If blood gas is not available or pH is between 7.01 and 7.15 or base deficit is between 10 and 15.9 mmol/L on blood 
sample obtained within the first hour of birth, two additional criteria are needed: a history of an acute perinatal event 
(eg, cord prolapse, fetal heart rate decelerations) and either the need for assisted ventilation initiated at birth and 
continued for 10 minutes or an Apgar score ≤5 at 10 minutes after birth.
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18% for those who had severe enceph-
alopathy.

Follow-up beyond infancy has been
reported for subjects enrolled in the
CoolCap trial and the NICHD Whole-
Body Cooling trial.16,17 Because the
follow-up rate at 7 to 8 years of age
was only 50% in the CoolCap trial,
there were insufficient data to ascer-
tain the long-term risk or benefits of
selective head cooling. In the NICHD
follow-up study, there was no statisti-
cal difference in the composite pri-
mary outcome of death or IQ <70 at 6
to 7 years of age between the treated
and usual care cohorts (P = .06). Hy-
pothermia treatment was associated
with a reduction in the secondary
outcomes of death (RR, 0.66; 95% CI,
0.45–0.97) and death or cerebral palsy
(RR, 0.71; 95% CI, 0.54–0.95).

Observations From Large Clinical
Trials

Adverse effects observed with hypo-
thermia were infrequent in the target
temperature ranges used in published
clinical trials. The most common ad-
verse effects were sinus bradycardia
and prolongation of the QT interval on
electrocardiogram, both of which are
physiologic responses to hypothermia.
Reddening or hardening of the skin
(systemic hypothermia) and on the
scalp (selective head cooling) and sub-
cutaneous fat necrosis occurred rarely.
The reported rates of coagulopathy,
sepsis, and pneumonia were essen-
tially the same in treated and control
infants. When published studies were
aggregated in a meta-analysis, the
adverse effects of hypothermia in-
cluded an increase in sinus brady-
cardia and a significant increase in
thrombocytopenia (platelet count
<150 000/mm3).15

Both the TOBY and NICHD trial noted
an adverse effect of pyrexia on neu-
rologic outcome among infants allo-
cated to standard care.18,19 In both

trials, approximately 30% of the con-
trol group had a rectal or esophageal
temperature greater than 38°C recorded
on at least 1 occasion. The risk for
death or disability among infants who
had an elevated rectal temperature
was increased by threefold in the
TOBY trial, whereas in the NICHD trial,
the risk for adverse outcome was in-
creased threefold to fourfold, with
each degree Celsius increase in the
highest quartile of esophageal tem-
perature. It is not known whether the
elevated temperatures observed in
the 2 trials caused additional brain
injury or whether the elevated tem-
peratures were the manifestation of
existing hypoxic-ischemic brain injury.

Knowledge Gained From Large
Clinical Trials

Approximately 1200 infants were en-
rolled in the 6 large clinical trials of
therapeutic hypothermia. Analyses of
aggregate data, as well as data from
registries, indicate that moderate hypo-
thermia initiated within 6 hours of birth
and continued for 72 hours is a safe and
modestly effective neural rescue strategy
for infants born at greater than 35 weeks
of gestational age who have clinical ev-
idence of moderate or severe neonatal
encephalopathy.

Areas of Uncertainty

Because there was little variability
among published clinical trials, ques-
tions remain regarding the optimal
timing for the initiation of cooling and
the depth and duration of therapy.
There are several ongoing randomized
clinical trials that are designed to
assess the efficacy of initiating cooling
between 6 and 12 hours of age, using
a deeper depth of cooling (32°C), or
cooling for a longer duration (120
hours) (NCT 01192776, NCT 00614744).
In addition, information regarding the
safety and efficacy of cooling treat-
ment of encephalopathic infants born

at less than 35 weeks of gestational age
is lacking, but preliminary information
may be available in the near future (NCT
1793129).

There is also uncertainty regarding the
safety and efficacy of initiating cooling
before transfer to a center offering
therapeutic hypothermia. However, data
from the Vermont Oxford Encephalo-
pathic Registry indicate that as many as
a third of encephalopathic infants, many
of whom were born in other facilities,
were not admitted to a neonatal ICU
until after 6 hours of age.20 In a study in
which active cooling with cool packs
was started on arrival of the transport
team at the referring center, approxi-
mately one-third of the 35 infants had
a rectal temperature below 32°C on
arrival at the cooling center.21 A similar
rate of excessive cooling on arrival was
noted when passive cooling was used
(3 of 18 infants).22 Using a carefully
designed protocol for passive cooling
at the referral hospital and on trans-
port, Kendall et al noted that 67% of the
39 infants were within target temper-
ature range (33°C–34°C) on arrival at
the cooling center, and 11% had a rec-
tal temperature below 32°C.23 There
have been 2 observational studies from
the United Kingdom of servo-controlled
cooling in the field.24,25 Application of
this mode of cooling led to significantly
less overcooling and greater success in
maintaining rectal temperature in the
target range when compared with
passive cooling.

Clinical Trials of Adjuvant
Therapies for Neonatal
Encephalopathy

Because the incidence of death and
disability remains high after treatment
with cooling (approximately 40%),
there is an urgent need for additional
therapies to further improve outcomes
of infantswho have acute encephalopathy.
Promising neuroprotective agents in-
clude antiepileptic drugs, erythropoietin,
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melatonin, and xenon. Phase I and II trials
of xenon (NCT 00934700, NCT 01545271)
and topiramate (NCT 01241019, NCT
01765218) as adjuvant therapy to hypo-
thermia are underway. A phase II study of
erythropoietin using doses of 1000 U/kg
intravenously in infants undergoing cool-
ing is planned (NCT 01913340) and a phase
I and II study of darbepoetin as concurrent
therapy with cooling is in progress.26

There is also a phase I–II study assessing
the safety and efficacy of clonidine ther-
apy during cooling for neonatal enceph-
alopathy (NCT 01862250).

CONCLUSIONS

1. Medical centers offering hypother-
mia should be capable of providing
comprehensive clinical care, in-
cluding mechanical ventilation;
physiologic (vital signs, tempera-
ture) and biochemical (blood gas)
monitoring; neuroimaging, includ-
ing MRI; seizure detection and
monitoring with aEEG or EEG; neu-
rologic consultation; and a system
in place for monitoring longitudi-
nal neurodevelopmental outcome.

2. Infants offered hypothermia should
meet inclusion criteria outlined in
published clinical trials (see Ta-
ble 1). Eligibility criteria include
a pH of ≤7.0 or a base deficit of
≥16 mmol/L in a sample of umbil-
ical cord blood or blood obtained
during the first hour after birth,

history of an acute perinatal event,
a 10-minute Apgar score of <5, or
assisted ventilation initiated at
birth and continued for at least
10 minutes. In addition, a neuro-
logic examination demonstrating
moderate to severe encephalopa-
thy is essential. If preferential head
cooling is used, an abnormal back-
ground activity on either EEG or
aEEG also is required.

3. Training programs and infrastruc-
ture need to be established and
maintained in a highly organized
and reproducible manner to en-
sure patient safety. Each center of-
fering hypothermia therapy needs
to develop a written protocol and
monitor management and out-
comes. Training needs to include
awareness and timely identification
of infants at risk for encephalopa-
thy and an appropriate assessment
of infants who have encephalopathy.
Educational endeavors need to in-
volve obstetric care providers; labor,
delivery, nursery, and postpartum
personnel; and pediatric care pro-
viders.

4. Outreach education to community
hospitals needs to be implemented.
Specific issues include the aware-
ness and timely identification of
infants at risk for encephalopathy
and prevention of extreme hypo-
thermia and hyperthermia.

5. Cooling infants who are born at
less than 35 weeks’ gestation or
those who have mild encephalopa-
thy, cooling for longer than 72
hours, cooling at a temperature
lower than that used in published
clinical trials, and the use of adju-
vant therapies should only be per-
formed in a research setting and
with informed parental consent.
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Management of Hyperbilirubinemia in the Newborn Infant 35 or More
Weeks of Gestation

ABSTRACT. Jaundice occurs in most newborn infants.
Most jaundice is benign, but because of the potential
toxicity of bilirubin, newborn infants must be monitored
to identify those who might develop severe hyperbili-
rubinemia and, in rare cases, acute bilirubin encephalop-
athy or kernicterus. The focus of this guideline is to
reduce the incidence of severe hyperbilirubinemia and
bilirubin encephalopathy while minimizing the risks of
unintended harm such as maternal anxiety, decreased
breastfeeding, and unnecessary costs or treatment. Al-
though kernicterus should almost always be prevent-
able, cases continue to occur. These guidelines provide a
framework for the prevention and management of
hyperbilirubinemia in newborn infants of 35 or more
weeks of gestation. In every infant, we recommend that
clinicians 1) promote and support successful breastfeed-
ing; 2) perform a systematic assessment before discharge
for the risk of severe hyperbilirubinemia; 3) provide
early and focused follow-up based on the risk assess-
ment; and 4) when indicated, treat newborns with pho-
totherapy or exchange transfusion to prevent the devel-
opment of severe hyperbilirubinemia and, possibly,
bilirubin encephalopathy (kernicterus). Pediatrics 2004;
114:297–316; hyperbilirubinemia, newborn, kernicterus,
bilirubin encephalopathy, phototherapy.

ABBREVIATIONS. AAP, American Academy of Pediatrics; TSB,
total serum bilirubin; TcB, transcutaneous bilirubin; G6PD, glu-
cose-6-phosphate dehydrogenase; ETCOc, end-tidal carbon mon-
oxide corrected for ambient carbon monoxide; B/A, bilirubin/
albumin; UB, unbound bilirubin.

BACKGROUND

In October 1994, the Provisional Committee for
Quality Improvement and Subcommittee on Hy-
perbilirubinemia of the American Academy of

Pediatrics (AAP) produced a practice parameter
dealing with the management of hyperbilirubinemia
in the healthy term newborn.1 The current guideline
represents a consensus of the committee charged by
the AAP with reviewing and updating the existing
guideline and is based on a careful review of the
evidence, including a comprehensive literature re-
view by the New England Medical Center Evidence-
Based Practice Center.2 (See “An Evidence-Based
Review of Important Issues Concerning Neonatal

Hyperbilirubinemia”3 for a description of the meth-
odology, questions addressed, and conclusions of
this report.) This guideline is intended for use by
hospitals and pediatricians, neonatologists, family
physicians, physician assistants, and advanced prac-
tice nurses who treat newborn infants in the hospital
and as outpatients. A list of frequently asked ques-
tions and answers for parents is available in English
and Spanish at www.aap.org/family/jaundicefaq.
htm.

DEFINITION OF RECOMMENDATIONS
The evidence-based approach to guideline devel-

opment requires that the evidence in support of a
policy be identified, appraised, and summarized and
that an explicit link between evidence and recom-
mendations be defined. Evidence-based recommen-
dations are based on the quality of evidence and the
balance of benefits and harms that is anticipated
when the recommendation is followed. This guide-
line uses the definitions for quality of evidence and
balance of benefits and harms established by the
AAP Steering Committee on Quality Improvement
Management.4 See Appendix 1 for these definitions.

The draft practice guideline underwent extensive
peer review by committees and sections within the
AAP, outside organizations, and other individuals
identified by the subcommittee as experts in the
field. Liaison representatives to the subcommittee
were invited to distribute the draft to other represen-
tatives and committees within their specialty organi-
zations. The resulting comments were reviewed by
the subcommittee and, when appropriate, incorpo-
rated into the guideline.

BILIRUBIN ENCEPHALOPATHY AND
KERNICTERUS

Although originally a pathologic diagnosis charac-
terized by bilirubin staining of the brainstem nuclei
and cerebellum, the term “kernicterus” has come to
be used interchangeably with both the acute and
chronic findings of bilirubin encephalopathy. Biliru-
bin encephalopathy describes the clinical central ner-
vous system findings caused by bilirubin toxicity to
the basal ganglia and various brainstem nuclei. To
avoid confusion and encourage greater consistency
in the literature, the committee recommends that in
infants the term “acute bilirubin encephalopathy” be
used to describe the acute manifestations of bilirubin

The recommendations in this guideline do not indicate an exclusive course
of treatment or serve as a standard of medical care. Variations, taking into
account individual circumstances, may be appropriate.
PEDIATRICS (ISSN 0031 4005). Copyright © 2004 by the American Acad-
emy of Pediatrics.
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toxicity seen in the first weeks after birth and that the
term “kernicterus” be reserved for the chronic and
permanent clinical sequelae of bilirubin toxicity.

See Appendix 1 for the clinical manifestations of
acute bilirubin encephalopathy and kernicterus.

FOCUS OF GUIDELINE
The overall aim of this guideline is to promote an

approach that will reduce the frequency of severe
neonatal hyperbilirubinemia and bilirubin encepha-
lopathy and minimize the risk of unintended harm
such as increased anxiety, decreased breastfeeding,
or unnecessary treatment for the general population
and excessive cost and waste. Recent reports of ker-
nicterus indicate that this condition, although rare, is
still occurring.2,5–10

Analysis of these reported cases of kernicterus
suggests that if health care personnel follow the rec-
ommendations listed in this guideline, kernicterus
would be largely preventable.

These guidelines emphasize the importance of uni-
versal systematic assessment for the risk of severe
hyperbilirubinemia, close follow-up, and prompt in-
tervention when indicated. The recommendations
apply to the care of infants at 35 or more weeks of
gestation. These recommendations seek to further
the aims defined by the Institute of Medicine as
appropriate for health care:11 safety, effectiveness,
efficiency, timeliness, patient-centeredness, and eq-
uity. They specifically emphasize the principles of
patient safety and the key role of timeliness of inter-
ventions to prevent adverse outcomes resulting from
neonatal hyperbilirubinemia.

The following are the key elements of the recom-
mendations provided by this guideline. Clinicians
should:

1. Promote and support successful breastfeeding.
2. Establish nursery protocols for the identification

and evaluation of hyperbilirubinemia.
3. Measure the total serum bilirubin (TSB) or trans-

cutaneous bilirubin (TcB) level on infants jaun-
diced in the first 24 hours.

4. Recognize that visual estimation of the degree of
jaundice can lead to errors, particularly in darkly
pigmented infants.

5. Interpret all bilirubin levels according to the in-
fant’s age in hours.

6. Recognize that infants at less than 38 weeks’
gestation, particularly those who are breastfed,
are at higher risk of developing hyperbiliru-
binemia and require closer surveillance and
monitoring.

7. Perform a systematic assessment on all infants
before discharge for the risk of severe hyperbil-
irubinemia.

8. Provide parents with written and verbal infor-
mation about newborn jaundice.

9. Provide appropriate follow-up based on the time
of discharge and the risk assessment.

10. Treat newborns, when indicated, with photo-
therapy or exchange transfusion.

PRIMARY PREVENTION
In numerous policy statements, the AAP recom-
mends breastfeeding for all healthy term and near-
term newborns. This guideline strongly supports this
general recommendation.
RECOMMENDATION 1.0: Clinicians should advise
mothers to nurse their infants at least 8 to 12 times per
day for the first several days12 (evidence quality C: benefits
exceed harms).

Poor caloric intake and/or dehydration associated
with inadequate breastfeeding may contribute to the
development of hyperbilirubinemia.6,13,14 Increasing
the frequency of nursing decreases the likelihood of
subsequent significant hyperbilirubinemia in breast-
fed infants.15–17 Providing appropriate support and
advice to breastfeeding mothers increases the likeli-
hood that breastfeeding will be successful.

Additional information on how to assess the ade-
quacy of intake in a breastfed newborn is provided in
Appendix 1.
RECOMMENDATION 1.1: The AAP recommends
against routine supplementation of nondehydrated breast-
fed infants with water or dextrose water (evidence quality
B and C: harms exceed benefits).

Supplementation with water or dextrose water
will not prevent hyperbilirubinemia or decrease TSB
levels.18,19

SECONDARY PREVENTION
RECOMMENDATION 2.0: Clinicians should perform
ongoing systematic assessments during the neonatal pe-
riod for the risk of an infant developing severe hyperbil-
irubinemia.

Blood Typing
RECOMMENDATION 2.1: All pregnant women should
be tested for ABO and Rh (D) blood types and have a
serum screen for unusual isoimmune antibodies (evidence
quality B: benefits exceed harms).
RECOMMENDATION 2.1.1: If a mother has not had
prenatal blood grouping or is Rh-negative, a direct anti-
body test (or Coombs’ test), blood type, and an Rh (D) type
on the infant’s (cord) blood are strongly recommended
(evidence quality B: benefits exceed harms).
RECOMMENDATION 2.1.2: If the maternal blood is
group O, Rh-positive, it is an option to test the cord blood
for the infant’s blood type and direct antibody test, but it
is not required provided that there is appropriate surveil-
lance, risk assessment before discharge, and follow-up20

(evidence quality C: benefits exceed harms).

Clinical Assessment
RECOMMENDATION 2.2: Clinicians should ensure
that all infants are routinely monitored for the develop-
ment of jaundice, and nurseries should have established
protocols for the assessment of jaundice. Jaundice should
be assessed whenever the infant’s vital signs are measured
but no less than every 8 to 12 hours (evidence quality D:
benefits versus harms exceptional).

In newborn infants, jaundice can be detected by
blanching the skin with digital pressure, revealing
the underlying color of the skin and subcutaneous
tissue. The assessment of jaundice must be per-
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formed in a well-lit room or, preferably, in daylight
at a window. Jaundice is usually seen first in the face
and progresses caudally to the trunk and extremi-
ties,21 but visual estimation of bilirubin levels from
the degree of jaundice can lead to errors.22–24 In most
infants with TSB levels of less than 15 mg/dL (257
�mol/L), noninvasive TcB-measurement devices can
provide a valid estimate of the TSB level.2,25–29 See
Appendix 1 for additional information on the clinical
evaluation of jaundice and the use of TcB measure-
ments.
RECOMMENDATION 2.2.1: Protocols for the assess-
ment of jaundice should include the circumstances in
which nursing staff can obtain a TcB level or order a TSB
measurement (evidence quality D: benefits versus harms
exceptional).

Laboratory Evaluation
RECOMMENDATION 3.0: A TcB and/or TSB measure-
ment should be performed on every infant who is jaun-
diced in the first 24 hours after birth (Fig 1 and Table 1)30

(evidence quality C: benefits exceed harms). The need for
and timing of a repeat TcB or TSB measurement will
depend on the zone in which the TSB falls (Fig 2),25,31 the
age of the infant, and the evolution of the hyperbiliru-
binemia. Recommendations for TSB measurements after
the age of 24 hours are provided in Fig 1 and Table 1.

See Appendix 1 for capillary versus venous biliru-
bin levels.
RECOMMENDATION 3.1: A TcB and/or TSB measure-
ment should be performed if the jaundice appears excessive
for the infant’s age (evidence quality D: benefits versus
harms exceptional). If there is any doubt about the degree
of jaundice, the TSB or TcB should be measured. Visual
estimation of bilirubin levels from the degree of jaundice
can lead to errors, particularly in darkly pigmented in-
fants (evidence quality C: benefits exceed harms).
RECOMMENDATION 3.2: All bilirubin levels should be
interpreted according to the infant’s age in hours (Fig 2)
(evidence quality C: benefits exceed harms).

Cause of Jaundice
RECOMMENDATION 4.1: The possible cause of
jaundice should be sought in an infant receiving
phototherapy or whose TSB level is rising rapidly (ie,
crossing percentiles [Fig 2]) and is not explained by
the history and physical examination (evidence qual-
ity D: benefits versus harms exceptional).
RECOMMENDATION 4.1.1: Infants who have an ele-
vation of direct-reacting or conjugated bilirubin should
have a urinalysis and urine culture.32 Additional labora-
tory evaluation for sepsis should be performed if indicated
by history and physical examination (evidence quality C:
benefits exceed harms).

See Appendix 1 for definitions of abnormal levels
of direct-reacting and conjugated bilirubin.
RECOMMENDATION 4.1.2: Sick infants and those who
are jaundiced at or beyond 3 weeks should have a mea-
surement of total and direct or conjugated bilirubin to
identify cholestasis (Table 1) (evidence quality D: benefit
versus harms exceptional). The results of the newborn
thyroid and galactosemia screen should also be checked in
these infants (evidence quality D: benefits versus harms
exceptional).
RECOMMENDATION 4.1.3: If the direct-reacting or
conjugated bilirubin level is elevated, additional evalua-
tion for the causes of cholestasis is recommended (evidence
quality C: benefits exceed harms).
RECOMMENDATION 4.1.4: Measurement of the glu-
cose-6-phosphate dehydrogenase (G6PD) level is recom-
mended for a jaundiced infant who is receiving photother-
apy and whose family history or ethnic or geographic
origin suggest the likelihood of G6PD deficiency or for an
infant in whom the response to phototherapy is poor (Fig
3) (evidence quality C: benefits exceed harms).

G6PD deficiency is widespread and frequently un-
recognized, and although it is more common in the
populations around the Mediterranean and in the
Middle East, Arabian peninsula, Southeast Asia, and
Africa, immigration and intermarriage have trans-
formed G6PD deficiency into a global problem.33,34

TABLE 1. Laboratory Evaluation of the Jaundiced Infant of 35 or More Weeks’ Gestation

Indications Assessments

Jaundice in first 24 h Measure TcB and/or TSB
Jaundice appears excessive for infant’s age Measure TcB and/or TSB
Infant receiving phototherapy or TSB rising

rapidly (ie, crossing percentiles
Blood type and Coombs’ test, if not obtained

with cord blood
[Fig 2]) and unexplained by history Complete blood count and smear
and physical examination Measure direct or conjugated bilirubin

It is an option to perform reticulocyte count,
G6PD, and ETCOc, if available

Repeat TSB in 4–24 h depending on infant’s
age and TSB level

TSB concentration approaching exchange levels
or not responding to phototherapy

Perform reticulocyte count, G6PD, albumin,
ETCOc, if available

Elevated direct (or conjugated) bilirubin level Do urinalysis and urine culture. Evaluate for
sepsis if indicated by history and physical
examination

Jaundice present at or beyond age 3 wk, or
sick infant

Total and direct (or conjugated) bilirubin
level

If direct bilirubin elevated, evaluate for
causes of cholestasis

Check results of newborn thyroid and
galactosemia screen, and evaluate infant
for signs or symptoms of hypothyroidism
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Furthermore, G6PD deficiency occurs in 11% to 13%
of African Americans, and kernicterus has occurred
in some of these infants.5,33 In a recent report, G6PD
deficiency was considered to be the cause of hyper-
bilirubinemia in 19 of 61 (31.5%) infants who devel-
oped kernicterus.5 (See Appendix 1 for additional
information on G6PD deficiency.)

Risk Assessment Before Discharge
RECOMMENDATION 5.1: Before discharge, every new-
born should be assessed for the risk of developing severe
hyperbilirubinemia, and all nurseries should establish pro-
tocols for assessing this risk. Such assessment is particu-
larly important in infants who are discharged before the
age of 72 hours (evidence quality C: benefits exceed
harms).
RECOMMENDATION 5.1.1: The AAP recommends 2
clinical options used individually or in combination for the
systematic assessment of risk: predischarge measurement
of the bilirubin level using TSB or TcB and/or assessment
of clinical risk factors. Whether either or both options are
used, appropriate follow-up after discharge is essential
(evidence quality C: benefits exceed harms).

The best documented method for assessing the
risk of subsequent hyperbilirubinemia is to measure
the TSB or TcB level25,31,35–38 and plot the results on
a nomogram (Fig 2). A TSB level can be obtained at
the time of the routine metabolic screen, thus obvi-
ating the need for an additional blood sample. Some
authors have suggested that a TSB measurement
should be part of the routine screening of all new-
borns.5,31 An infant whose predischarge TSB is in the

low-risk zone (Fig 2) is at very low risk of developing
severe hyperbilirubinemia.5,38

Table 2 lists those factors that are clinically signif-

Fig 2. Nomogram for designation of risk in 2840 well newborns at 36 or more weeks’ gestational age with birth weight of 2000 g or more
or 35 or more weeks’ gestational age and birth weight of 2500 g or more based on the hour-specific serum bilirubin values. The serum
bilirubin level was obtained before discharge, and the zone in which the value fell predicted the likelihood of a subsequent bilirubin level
exceeding the 95th percentile (high-risk zone) as shown in Appendix 1, Table 4. Used with permission from Bhutani et al.31 See Appendix
1 for additional information about this nomogram, which should not be used to represent the natural history of neonatal hyperbiliru-
binemia.

TABLE 2. Risk Factors for Development of Severe Hyperbil-
irubinemia in Infants of 35 or More Weeks’ Gestation (in Approx-
imate Order of Importance)

Major risk factors
Predischarge TSB or TcB level in the high-risk zone (Fig 2)25,31

Jaundice observed in the first 24 h30

Blood group incompatibility with positive direct antiglobulin
test, other known hemolytic disease (eg, G6PD deficiency),
elevated ETCOc

Gestational age 35–36 wk39,40

Previous sibling received phototherapy40,41

Cephalohematoma or significant bruising39

Exclusive breastfeeding, particularly if nursing is not going
well and weight loss is excessive39,40

East Asian race39*
Minor risk factors

Predischarge TSB or TcB level in the high intermediate-risk
zone25,31

Gestational age 37–38 wk39,40

Jaundice observed before discharge40

Previous sibling with jaundice40,41

Macrosomic infant of a diabetic mother42,43

Maternal age �25 y39

Male gender39,40

Decreased risk (these factors are associated with decreased risk of
significant jaundice, listed in order of decreasing importance)

TSB or TcB level in the low-risk zone (Fig 2)25,31

Gestational age �41 wk39

Exclusive bottle feeding39,40

Black race38*
Discharge from hospital after 72 h40,44

* Race as defined by mother’s description.
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icant and most frequently associated with an in-
crease in the risk of severe hyperbilirubinemia. But,
because these risk factors are common and the risk of
hyperbilirubinemia is small, individually the factors
are of limited use as predictors of significant hyper-
bilirubinemia.39 Nevertheless, if no risk factors are
present, the risk of severe hyperbilirubinemia is ex-
tremely low, and the more risk factors present, the
greater the risk of severe hyperbilirubinemia.39 The
important risk factors most frequently associated
with severe hyperbilirubinemia are breastfeeding,
gestation below 38 weeks, significant jaundice in a
previous sibling, and jaundice noted before dis-
charge.39,40 A formula-fed infant of 40 or more
weeks’ gestation is at very low risk of developing
severe hyperbilirubinemia.39

Hospital Policies and Procedures
RECOMMENDATION 6.1: All hospitals should provide
written and verbal information for parents at the time of
discharge, which should include an explanation of jaun-
dice, the need to monitor infants for jaundice, and advice
on how monitoring should be done (evidence quality D:
benefits versus harms exceptional).

An example of a parent-information handout is
available in English and Spanish at www.aap.org/
family/jaundicefaq.htm.

Follow-up
RECOMMENDATION 6.1.1: All infants should be ex-
amined by a qualified health care professional in the first
few days after discharge to assess infant well-being and the
presence or absence of jaundice. The timing and location of
this assessment will be determined by the length of stay in
the nursery, presence or absence of risk factors for hyper-
bilirubinemia (Table 2 and Fig 2), and risk of other neo-
natal problems (evidence quality C: benefits exceed
harms).

Timing of Follow-up
RECOMMENDATION 6.1.2: Follow-up should be pro-
vided as follows:

Infant Discharged Should Be Seen by Age

Before age 24 h 72 h
Between 24 and 47.9 h 96 h
Between 48 and 72 h 120 h

For some newborns discharged before 48 hours, 2 fol-
low-up visits may be required, the first visit between 24
and 72 hours and the second between 72 and 120 hours.
Clinical judgment should be used in determining follow-
up. Earlier or more frequent follow-up should be provided
for those who have risk factors for hyperbilirubinemia
(Table 2), whereas those discharged with few or no risk
factors can be seen after longer intervals (evidence quality
C: benefits exceed harms).
RECOMMENDATION 6.1.3: If appropriate follow-up
cannot be ensured in the presence of elevated risk for
developing severe hyperbilirubinemia, it may be necessary
to delay discharge either until appropriate follow-up can
be ensured or the period of greatest risk has passed (72-96
hours) (evidence quality D: benefits versus harms excep-
tional).

Follow-up Assessment
RECOMMENDATION 6.1.4: The follow-up assessment
should include the infant’s weight and percent change
from birth weight, adequacy of intake, the pattern of void-
ing and stooling, and the presence or absence of jaundice
(evidence quality C: benefits exceed harms). Clinical judg-
ment should be used to determine the need for a bilirubin
measurement. If there is any doubt about the degree of
jaundice, the TSB or TcB level should be measured. Visual
estimation of bilirubin levels can lead to errors, particu-
larly in darkly pigmented infants (evidence quality C:
benefits exceed harms).

See Appendix 1 for assessment of the adequacy of
intake in breastfeeding infants.

TREATMENT

Phototherapy and Exchange Transfusion
RECOMMENDATION 7.1: Recommendations for treat-
ment are given in Table 3 and Figs 3 and 4 (evidence
quality C: benefits exceed harms). If the TSB does not fall
or continues to rise despite intensive phototherapy, it is
very likely that hemolysis is occurring. The committee’s
recommendations for discontinuing phototherapy can be
found in Appendix 2.
RECOMMENDATION 7.1.1: In using the guidelines for
phototherapy and exchange transfusion (Figs 3 and 4), the
direct-reacting (or conjugated) bilirubin level should not
be subtracted from the total (evidence quality D: benefits
versus harms exceptional).

In unusual situations in which the direct bilirubin
level is 50% or more of the total bilirubin, there are
no good data to provide guidance for therapy, and
consultation with an expert in the field is recom-
mended.
RECOMMENDATION 7.1.2: If the TSB is at a level at
which exchange transfusion is recommended (Fig 4) or if
the TSB level is 25 mg/dL (428 �mol/L) or higher at any
time, it is a medical emergency and the infant should be
admitted immediately and directly to a hospital pediatric
service for intensive phototherapy. These infants should
not be referred to the emergency department, because it
delays the initiation of treatment54 (evidence quality C:
benefits exceed harms).
RECOMMENDATION 7.1.3: Exchange transfusions
should be performed only by trained personnel in a neo-
natal intensive care unit with full monitoring and resus-
citation capabilities (evidence quality D: benefits versus
harms exceptional).
RECOMMENDATION 7.1.4: In isoimmune hemolytic
disease, administration of intravenous �-globulin (0.5-1
g/kg over 2 hours) is recommended if the TSB is rising
despite intensive phototherapy or the TSB level is within 2
to 3 mg/dL (34-51 �mol/L) of the exchange level (Fig
4).55 If necessary, this dose can be repeated in 12 hours
(evidence quality B: benefits exceed harms).

Intravenous �-globulin has been shown to reduce
the need for exchange transfusions in Rh and ABO
hemolytic disease.55–58 Although data are limited, it
is reasonable to assume that intravenous �-globulin
will also be helpful in the other types of Rh hemolytic
disease such as anti-C and anti-E.
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Serum Albumin Levels and the Bilirubin/Albumin
Ratio
RECOMMENDATION 7.1.5: It is an option to measure
the serum albumin level and consider an albumin level of
less than 3.0 g/dL as one risk factor for lowering the
threshold for phototherapy use (see Fig 3) (evidence qual-
ity D: benefits versus risks exceptional.).
RECOMMENDATION 7.1.6: If an exchange transfusion
is being considered, the serum albumin level should be
measured and the bilirubin/albumin (B/A) ratio used in
conjunction with the TSB level and other factors in deter-
mining the need for exchange transfusion (see Fig 4)
(evidence quality D: benefits versus harms exceptional).

The recommendations shown above for treating
hyperbilirubinemia are based primarily on TSB lev-
els and other factors that affect the risk of bilirubin
encephalopathy. This risk might be increased by a
prolonged (rather than a brief) exposure to a certain
TSB level.59,60 Because the published data that ad-
dress this issue are limited, however, it is not possi-
ble to provide specific recommendations for inter-
vention based on the duration of hyperbilirubinemia.

See Appendix 1 for the basis for recommendations
7.1 through 7.1.6 and for the recommendations pro-
vided in Figs 3 and 4. Appendix 1 also contains a
discussion of the risks of exchange transfusion and
the use of B/A binding.

Acute Bilirubin Encephalopathy
RECOMMENDATION 7.1.7: Immediate exchange
transfusion is recommended in any infant who is jaun-

diced and manifests the signs of the intermediate to ad-
vanced stages of acute bilirubin encephalopathy61,62 (hy-
pertonia, arching, retrocollis, opisthotonos, fever, high-
pitched cry) even if the TSB is falling (evidence quality D:
benefits versus risks exceptional).

Phototherapy
RECOMMENDATION 7.2: All nurseries and services
treating infants should have the necessary equipment to
provide intensive phototherapy (see Appendix 2) (evidence
quality D: benefits exceed risks).

Outpatient Management of the Jaundiced Breastfed
Infant
RECOMMENDATION 7.3: In breastfed infants who re-
quire phototherapy (Fig 3), the AAP recommends that,
if possible, breastfeeding should be continued (evidence
quality C: benefits exceed harms). It is also an option to
interrupt temporarily breastfeeding and substitute for-
mula. This can reduce bilirubin levels and/or enhance
the efficacy of phototherapy63–65 (evidence quality B: ben-
efits exceed harms). In breastfed infants receiving photo-
therapy, supplementation with expressed breast milk or
formula is appropriate if the infant’s intake seems inade-
quate, weight loss is excessive, or the infant seems dehy-
drated.

IMPLEMENTATION STRATEGIES
The Institute of Medicine11 recommends a dra-

matic change in the way the US health care system

TABLE 3. Example of a Clinical Pathway for Management of the Newborn Infant Readmitted for
Phototherapy or Exchange Transfusion

Treatment
Use intensive phototherapy and/or exchange transfusion as indicated in Figs 3 and 4 (see

Appendix 2 for details of phototherapy use)
Laboratory tests

TSB and direct bilirubin levels
Blood type (ABO, Rh)
Direct antibody test (Coombs’)
Serum albumin
Complete blood cell count with differential and smear for red cell morphology
Reticulocyte count
ETCOc (if available)
G6PD if suggested by ethnic or geographic origin or if poor response to phototherapy
Urine for reducing substances
If history and/or presentation suggest sepsis, perform blood culture, urine culture, and

cerebrospinal fluid for protein, glucose, cell count, and culture
Interventions

If TSB �25 mg/dL (428 �mol/L) or �20 mg/dL (342 �mol/L) in a sick infant or infant �38 wk
gestation, obtain a type and crossmatch, and request blood in case an exchange transfusion is
necessary

In infants with isoimmune hemolytic disease and TSB level rising in spite of intensive
phototherapy or within 2–3 mg/dL (34–51 �mol/L) of exchange level (Fig 4), administer
intravenous immunoglobulin 0.5–1 g/kg over 2 h and repeat in 12 h if necessary

If infant’s weight loss from birth is �12% or there is clinical or biochemical evidence of
dehydration, recommend formula or expressed breast milk. If oral intake is in question, give
intravenous fluids.

For infants receiving intensive phototherapy
Breastfeed or bottle-feed (formula or expressed breast milk) every 2–3 h
If TSB �25 mg/dL (428 �mol/L), repeat TSB within 2–3 h
If TSB 20–25 mg/dL (342–428 �mol/L), repeat within 3–4 h. If TSB �20 mg/dL (342 �mol/L),

repeat in 4–6 h. If TSB continues to fall, repeat in 8–12 h
If TSB is not decreasing or is moving closer to level for exchange transfusion or the

TSB/albumin ratio exceeds levels shown in Fig 4, consider exchange transfusion (see Fig 4 for
exchange transfusion recommendations)

When TSB is �13–14 mg/dL (239 �mol/L), discontinue phototherapy
Depending on the cause of the hyperbilirubinemia, it is an option to measure TSB 24 h after

discharge to check for rebound
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ensures the safety of patients. The perspective of
safety as a purely individual responsibility must be
replaced by the concept of safety as a property of
systems. Safe systems are characterized by a shared
knowledge of the goal, a culture emphasizing safety,
the ability of each person within the system to act in
a manner that promotes safety, minimizing the use of
memory, and emphasizing the use of standard pro-
cedures (such as checklists), and the involvement of
patients/families as partners in the process of care.

These principles can be applied to the challenge of
preventing severe hyperbilirubinemia and ker-
nicterus. A systematic approach to the implementa-
tion of these guidelines should result in greater
safety. Such approaches might include

• The establishment of standing protocols for nurs-
ing assessment of jaundice, including testing TcB
and TSB levels, without requiring physician or-
ders.

• Checklists or reminders associated with risk fac-
tors, age at discharge, and laboratory test results
that provide guidance for appropriate follow-up.

• Explicit educational materials for parents (a key
component of all AAP guidelines) concerning the
identification of newborns with jaundice.

FUTURE RESEARCH

Epidemiology of Bilirubin-Induced Central Nervous
System Damage

There is a need for appropriate epidemiologic data
to document the incidence of kernicterus in the new-
born population, the incidence of other adverse ef-
fects attributable to hyperbilirubinemia and its man-
agement, and the number of infants whose TSB
levels exceed 25 or 30 mg/dL (428-513 �mol/L).
Organizations such as the Centers for Disease Con-
trol and Prevention should implement strategies for
appropriate data gathering to identify the number of

Fig 3. Guidelines for phototherapy in hospitalized infants of 35 or more weeks’ gestation.
Note: These guidelines are based on limited evidence and the levels shown are approximations. The guidelines refer to the use of

intensive phototherapy which should be used when the TSB exceeds the line indicated for each category. Infants are designated as “higher
risk” because of the potential negative effects of the conditions listed on albumin binding of bilirubin,45–47 the blood-brain barrier,48 and
the susceptibility of the brain cells to damage by bilirubin.48

“Intensive phototherapy” implies irradiance in the blue-green spectrum (wavelengths of approximately 430–490 nm) of at least 30
�W/cm2 per nm (measured at the infant’s skin directly below the center of the phototherapy unit) and delivered to as much of the infant’s
surface area as possible. Note that irradiance measured below the center of the light source is much greater than that measured at the
periphery. Measurements should be made with a radiometer specified by the manufacturer of the phototherapy system.

See Appendix 2 for additional information on measuring the dose of phototherapy, a description of intensive phototherapy, and of light
sources used. If total serum bilirubin levels approach or exceed the exchange transfusion line (Fig 4), the sides of the bassinet, incubator,
or warmer should be lined with aluminum foil or white material.50 This will increase the surface area of the infant exposed and increase
the efficacy of phototherapy.51

If the total serum bilirubin does not decrease or continues to rise in an infant who is receiving intensive phototherapy, this strongly
suggests the presence of hemolysis.

Infants who receive phototherapy and have an elevated direct-reacting or conjugated bilirubin level (cholestatic jaundice) may develop
the bronze-baby syndrome. See Appendix 2 for the use of phototherapy in these infants.
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infants who develop serum bilirubin levels above 25
or 30 mg/dL (428-513 �mol/L) and those who de-
velop acute and chronic bilirubin encephalopathy.
This information will help to identify the magnitude
of the problem; the number of infants who need to be
screened and treated to prevent 1 case of kernicterus;
and the risks, costs, and benefits of different strate-
gies for prevention and treatment of hyperbiliru-
binemia. In the absence of these data, recommenda-
tions for intervention cannot be considered
definitive.

Effect of Bilirubin on the Central Nervous System

The serum bilirubin level by itself, except when it
is extremely high and associated with bilirubin en-
cephalopathy, is an imprecise indicator of long-term
neurodevelopmental outcome.2 Additional studies
are needed on the relationship between central ner-
vous system damage and the duration of hyperbil-
irubinemia, the binding of bilirubin to albumin, and
changes seen in the brainstem auditory evoked re-
sponse. These studies could help to better identify

Fig 4. Guidelines for exchange transfusion in infants 35 or more weeks’ gestation.
Note that these suggested levels represent a consensus of most of the committee but are based on limited evidence, and the levels shown

are approximations. See ref. 3 for risks and complications of exchange transfusion. During birth hospitalization, exchange transfusion is
recommended if the TSB rises to these levels despite intensive phototherapy. For readmitted infants, if the TSB level is above the exchange
level, repeat TSB measurement every 2 to 3 hours and consider exchange if the TSB remains above the levels indicated after intensive
phototherapy for 6 hours.

The following B/A ratios can be used together with but in not in lieu of the TSB level as an additional factor in determining the need
for exchange transfusion52:

Risk Category B/A Ratio at Which Exchange Transfusion
Should be Considered

TSB mg/dL/Alb, g/dL TSB �mol/L/Alb, �mol/L

Infants �38 0/7 wk 8.0 0.94
Infants 35 0/7–36 6/7 wk and well or �38 0/7 wk

if higher risk or isoimmune hemolytic disease
or G6PD deficiency

7.2 0.84

Infants 35 0/7–37 6/7 wk if higher risk or
isoimmune hemolytic disease or G6PD deficiency

6.8 0.80

If the TSB is at or approaching the exchange level, send blood for immediate type and crossmatch. Blood for exchange transfusion is
modified whole blood (red cells and plasma) crossmatched against the mother and compatible with the infant.53
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risk, clarify the effect of bilirubin on the central ner-
vous system, and guide intervention.

Identification of Hemolysis
Because of their poor specificity and sensitivity,

the standard laboratory tests for hemolysis (Table 1)
are frequently unhelpful.66,67 However, end-tidal
carbon monoxide, corrected for ambient carbon
monoxide (ETCOc), levels can confirm the presence
or absence of hemolysis, and measurement of ETCOc
is the only clinical test that provides a direct mea-
surement of the rate of heme catabolism and the rate
of bilirubin production.68,69 Thus, ETCOc may be
helpful in determining the degree of surveillance
needed and the timing of intervention. It is not yet
known, however, how ETCOc measurements will
affect management.

Nomograms and the Measurement of Serum and TcB
It would be useful to develop an age-specific (by

hour) nomogram for TSB in populations of newborns
that differ with regard to risk factors for hyperbiliru-
binemia. There is also an urgent need to improve the
precision and accuracy of the measurement of TSB in
the clinical laboratory.70,71 Additional studies are
also needed to develop and validate noninvasive
(transcutaneous) measurements of serum bilirubin
and to understand the factors that affect these mea-
surements. These studies should also assess the cost-
effectiveness and reproducibility of TcB measure-
ments in clinical practice.2

Pharmacologic Therapy
There is now evidence that hyperbilirubinemia can

be effectively prevented or treated with tin-mesopor-
phyrin,72–75 a drug that inhibits the production of
heme oxygenase. Tin-mesoporphyrin is not ap-
proved by the US Food and Drug Administration. If
approved, tin-mesoporphyrin could find immediate
application in preventing the need for exchange
transfusion in infants who are not responding to
phototherapy.75

Dissemination and Monitoring
Research should be directed toward methods for

disseminating the information contained in this
guideline to increase awareness on the part of phy-
sicians, residents, nurses, and parents concerning the
issues of neonatal hyperbilirubinemia and strategies
for its management. In addition, monitoring systems
should be established to identify the impact of these
guidelines on the incidence of acute bilirubin en-
cephalopathy and kernicterus and the use of photo-
therapy and exchange transfusions.

CONCLUSIONS
Kernicterus is still occurring but should be largely

preventable if health care personnel follow the rec-
ommendations listed in this guideline. These recom-
mendations emphasize the importance of universal,
systematic assessment for the risk of severe hyperbi-

lirubinemia, close follow-up, and prompt interven-
tion, when necessary.
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APPENDIX 1: Additional Notes

Definitions of Quality of Evidence and Balance of
Benefits and Harms

The Steering Committee on Quality Improvement
and Management categorizes evidence quality in 4
levels:
1. Well-designed, randomized, controlled trials or

diagnostic studies on relevant populations
2. Randomized, controlled trials or diagnostic stud-

ies with minor limitations; overwhelming, consis-
tent evidence from observational studies

3. Observational studies (case-control and cohort de-
sign)

4. Expert opinion, case reports, reasoning from first
principles

The AAP defines evidence-based recommenda-
tions as follows:1

• Strong recommendation: the committee believes
that the benefits of the recommended approach
clearly exceed the harms of that approach and that
the quality of the supporting evidence is either
excellent or impossible to obtain. Clinicians should
follow these recommendations unless a clear and
compelling rationale for an alternative approach is
present.

• Recommendation: the committee believes that the
benefits exceed the harms, but the quality of evi-
dence on which this recommendation is based is
not as strong. Clinicians should also generally fol-
low these recommendations but should be alert to
new information and sensitive to patient prefer-

ences. In this guideline, the term “should” implies
a recommendation by the committee.

• Option: either the quality of the evidence that ex-
ists is suspect or well-performed studies have
shown little clear advantage to one approach over
another. Patient preference should have a substan-
tial role in influencing clinical decision-making
when a policy is described as an option.

• No recommendation: there is a lack of pertinent
evidence and the anticipated balance of benefits
and harms is unclear.

Anticipated Balance Between Benefits and Harms
The presence of clear benefits or harms supports

stronger statements for or against a course of action.
In some cases, however, recommendations are made
when analysis of the balance of benefits and harms
provides an exceptional dysequilibrium and it would
be unethical or impossible to perform clinical trials to
“prove” the point. In these cases the balance of ben-
efit and harm is termed “exceptional.”

Clinical Manifestations of Acute Bilirubin
Encephalopathy and Kernicterus

Acute Bilirubin Encephalopathy
In the early phase of acute bilirubin encephalopa-

thy, severely jaundiced infants become lethargic and
hypotonic and suck poorly.2,3 The intermediate
phase is characterized by moderate stupor, irritabil-
ity, and hypertonia. The infant may develop a fever
and high-pitched cry, which may alternate with
drowsiness and hypotonia. The hypertonia is mani-
fested by backward arching of the neck (retrocollis)
and trunk (opisthotonos). There is anecdotal evi-
dence that an emergent exchange transfusion at this
stage, in some cases, might reverse the central ner-
vous system changes.4 The advanced phase, in which
central nervous system damage is probably irrevers-
ible, is characterized by pronounced retrocollis-opis-
thotonos, shrill cry, no feeding, apnea, fever, deep
stupor to coma, sometimes seizures, and death.2,3,5

Kernicterus
In the chronic form of bilirubin encephalopathy,

surviving infants may develop a severe form of ath-
etoid cerebral palsy, auditory dysfunction, dental-
enamel dysplasia, paralysis of upward gaze, and,
less often, intellectual and other handicaps. Most
infants who develop kernicterus have manifested
some or all of the signs listed above in the acute
phase of bilirubin encephalopathy. However, occa-
sionally there are infants who have developed very
high bilirubin levels and, subsequently, the signs of
kernicterus but have exhibited few, if any, anteced-
ent clinical signs of acute bilirubin encephalopa-
thy.3,5,6

Clinical Evaluation of Jaundice and TcB Measurements
Jaundice is usually seen in the face first and

progresses caudally to the trunk and extremities,7
but because visual estimation of bilirubin levels from
the degree of jaundice can lead to errors,8–10 a low
threshold should be used for measuring the TSB.
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Devices that provide a noninvasive TcB measure-
ment have proven very useful as screening tools,11

and newer instruments give measurements that pro-
vide a valid estimate of the TSB level.12–17 Studies
using the new TcB-measurement instruments are
limited, but the data published thus far suggest that
in most newborn populations, these instruments
generally provide measurements within 2 to 3
mg/dL (34–51 �mol/L) of the TSB and can replace a
measurement of serum bilirubin in many circum-
stances, particularly for TSB levels less than 15
mg/dL (257 �mol/L).12–17 Because phototherapy
“bleaches” the skin, both visual assessment of jaun-
dice and TcB measurements in infants undergoing
phototherapy are not reliable. In addition, the ability
of transcutaneous instruments to provide accurate
measurements in different racial groups requires ad-
ditional study.18,19 The limitations of the accuracy
and reproducibility of TSB measurements in the clin-
ical laboratory20–22 must also be recognized and are
discussed in the technical report.23

Capillary Versus Venous Serum Bilirubin
Measurement

Almost all published data regarding the relation-
ship of TSB levels to kernicterus or developmental
outcome are based on capillary blood TSB levels.
Data regarding the differences between capillary and
venous TSB levels are conflicting.24,25 In 1 study the
capillary TSB levels were higher, but in another they
were lower than venous TSB levels.24,25 Thus, obtain-
ing a venous sample to “confirm” an elevated capil-
lary TSB level is not recommended, because it will
delay the initiation of treatment.

Direct-Reacting and Conjugated Bilirubin
Although commonly used interchangeably, direct-

reacting bilirubin is not the same as conjugated bili-
rubin. Direct-reacting bilirubin is the bilirubin that
reacts directly (without the addition of an accelerat-
ing agent) with diazotized sulfanilic acid. Conju-
gated bilirubin is bilirubin made water soluble by
binding with glucuronic acid in the liver. Depending
on the technique used, the clinical laboratory will
report total and direct-reacting or unconjugated and
conjugated bilirubin levels. In this guideline and for
clinical purposes, the terms may be used inter-
changeably.

Abnormal Direct and Conjugated Bilirubin Levels
Laboratory measurement of direct bilirubin is not

precise,26 and values between laboratories can vary
widely. If the TSB is at or below 5 mg/dL (85 �mol/
L), a direct or conjugated bilirubin of more than 1.0

mg/dL (17.1 �mol/L) is generally considered abnor-
mal. For TSB values higher than 5 mg/dL (85 �mol/
L), a direct bilirubin of more than 20% of the TSB is
considered abnormal. If the hospital laboratory mea-
sures conjugated bilirubin using the Vitros (formerly
Ektachem) system (Ortho-Clinical Diagnostics, Rari-
tan, NJ), any value higher than 1 mg/dL is consid-
ered abnormal.

Assessment of Adequacy of Intake in Breastfeeding
Infants

The data from a number of studies27–34 indicate
that unsupplemented, breastfed infants experience
their maximum weight loss by day 3 and, on aver-
age, lose 6.1% � 2.5% (SD) of their birth weight.
Thus, �5% to 10% of fully breastfed infants lose 10%
or more of their birth weight by day 3, suggesting
that adequacy of intake should be evaluated and the
infant monitored if weight loss is more than 10%.35

Evidence of adequate intake in breastfed infants also
includes 4 to 6 thoroughly wet diapers in 24 hours
and the passage of 3 to 4 stools per day by the fourth
day. By the third to fourth day, the stools in ade-
quately breastfed infants should have changed from
meconium to a mustard yellow, mushy stool.36 The
above assessment will also help to identify breastfed
infants who are at risk for dehydration because of
inadequate intake.

Nomogram for Designation of Risk
Note that this nomogram (Fig 2) does not describe

the natural history of neonatal hyperbilirubinemia,
particularly after 48 to 72 hours, for which, because
of sampling bias, the lower zones are spuriously
elevated.37 This bias, however, will have much less
effect on the high-risk zone (95th percentile in the
study).38

G6PD Dehydrogenase Deficiency
It is important to look for G6PD deficiency in

infants with significant hyperbilirubinemia, because
some may develop a sudden increase in the TSB. In
addition, G6PD-deficient infants require intervention
at lower TSB levels (Figs 3 and 4). It should be noted
also that in the presence of hemolysis, G6PD levels
can be elevated, which may obscure the diagnosis in
the newborn period so that a normal level in a he-
molyzing neonate does not rule out G6PD deficien-
cy.39 If G6PD deficiency is strongly suspected, a re-
peat level should be measured when the infant is 3
months old. It is also recognized that immediate
laboratory determination of G6PD is generally not
available in most US hospitals, and thus translating
the above information into clinical practice is cur-

TABLE 4. Risk Zone as a Predictor of Hyperbilirubinemia39

TSB Before Discharge Newborns
(Total � 2840),

n (%)

Newborns Who Subsequently
Developed a TSB Level
�95th Percentile, n (%)

High-risk zone (�95th percentile) 172 (6.0) 68 (39.5)
High intermediate-risk zone 356 (12.5) 46 (12.9)
Low intermediate-risk zone 556 (19.6) 12 (2.26)
Low-risk zone 1756 (61.8) 0
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rently difficult. Nevertheless, practitioners are re-
minded to consider the diagnosis of G6PD deficiency
in infants with severe hyperbilirubinemia, particu-
larly if they belong to the population groups in
which this condition is prevalent. This is important
in the African American population, because these
infants, as a group, have much lower TSB levels than
white or Asian infants.40,41 Thus, severe hyperbiliru-
binemia in an African American infant should al-
ways raise the possibility of G6PD deficiency.

Basis for the Recommendations 7.1.1 Through 7.1.6 and
Provided in Figs 3 and 4

Ideally, recommendations for when to implement
phototherapy and exchange transfusions should be
based on estimates of when the benefits of these
interventions exceed their risks and cost. The evi-
dence for these estimates should come from random-
ized trials or systematic observational studies. Un-
fortunately, there is little such evidence on which to
base these recommendations. As a result, treatment
guidelines must necessarily rely on more uncertain
estimates and extrapolations. For a detailed discus-
sion of this question, please see “An Evidence-Based
Review of Important Issues Concerning Neonatal
Hyperbilirubinemia.”23

The recommendations for phototherapy and ex-
change transfusion are based on the following prin-
ciples:

• The main demonstrated value of phototherapy is
that it reduces the risk that TSB levels will reach a
level at which exchange transfusion is recom-
mended.42–44 Approximately 5 to 10 infants with
TSB levels between 15 and 20 mg/dL (257–342
�mol/L) will receive phototherapy to prevent the
TSB in 1 infant from reaching 20 mg/dL (the num-
ber needed to treat).12 Thus, 8 to 9 of every 10
infants with these TSB levels will not reach 20
mg/dL (342 �mol/L) even if they are not treated.
Phototherapy has proven to be a generally safe
procedure, although rare complications can occur
(see Appendix 2).

• Recommended TSB levels for exchange transfu-
sion (Fig 4) are based largely on the goal of keep-
ing TSB levels below those at which kernicterus
has been reported.12,45–48 In almost all cases, ex-
change transfusion is recommended only after
phototherapy has failed to keep the TSB level be-
low the exchange transfusion level (Fig 4).

• The recommendations to use phototherapy and
exchange transfusion at lower TSB levels for in-
fants of lower gestation and those who are sick are
based on limited observations suggesting that sick
infants (particularly those with the risk factors
listed in Figs 3 and 4)49–51 and those of lower
gestation51–54 are at greater risk for developing
kernicterus at lower bilirubin levels than are well
infants of more than 38 6/7 weeks’ gestation. Nev-
ertheless, other studies have not confirmed all of
these associations.52,55,56 There is no doubt, how-
ever, that infants at 35 to 37 6/7 weeks’ gestation
are at a much greater risk of developing very high

TSB levels.57,58 Intervention for these infants is
based on this risk as well as extrapolations from
more premature, lower birth-weight infants who
do have a higher risk of bilirubin toxicity.52,53

• For all newborns, treatment is recommended at
lower TSB levels at younger ages because one of
the primary goals of treatment is to prevent addi-
tional increases in the TSB level.

Subtle Neurologic Abnormalities Associated With
Hyperbilirubinemia

There are several studies demonstrating measur-
able transient changes in brainstem-evoked poten-
tials, behavioral patterns, and the infant’s cry59–63

associated with TSB levels of 15 to 25 mg/dL (257–
428 �mol/L). In these studies, the abnormalities
identified were transient and disappeared when the
serum bilirubin levels returned to normal with or
without treatment.59,60,62,63

A few cohort studies have found an association
between hyperbilirubinemia and long-term adverse
neurodevelopmental effects that are more subtle
than kernicterus.64–67 Current studies, however, sug-
gest that although phototherapy lowers the TSB lev-
els, it has no effect on these long-term neurodevel-
opmental outcomes.68–70

Risks of Exchange Transfusion
Because exchange transfusions are now rarely per-

formed, the risks of morbidity and mortality associ-
ated with the procedure are difficult to quantify. In
addition, the complication rates listed below may not
be generalizable to the current era if, like most pro-
cedures, frequency of performance is an important
determinant of risk. Death associated with exchange
transfusion has been reported in approximately 3 in
1000 procedures,71,72 although in otherwise well in-
fants of 35 or more weeks’ gestation, the risk is
probably much lower.71–73 Significant morbidity (ap-
nea, bradycardia, cyanosis, vasospasm, thrombosis,
necrotizing enterocolitis) occurs in as many as 5% of
exchange transfusions,71 and the risks associated
with the use of blood products must always be con-
sidered.74 Hypoxic-ischemic encephalopathy and ac-
quired immunodeficiency syndrome have occurred
in otherwise healthy infants receiving exchange
transfusions.73,75

Serum Albumin Levels and the B/A Ratio
The legends to Figs 3 and 4 and recommendations

7.1.5 and 7.1.6 contain references to the serum albu-
min level and the B/A ratio as factors that can be
considered in the decision to initiate phototherapy
(Fig 3) or perform an exchange transfusion (Fig 4).
Bilirubin is transported in the plasma tightly bound
to albumin, and the portion that is unbound or
loosely bound can more readily leave the intravas-
cular space and cross the intact blood-brain barrier.76

Elevations of unbound bilirubin (UB) have been as-
sociated with kernicterus in sick preterm new-
borns.77,78 In addition, elevated UB concentrations
are more closely associated than TSB levels with
transient abnormalities in the audiometric brainstem
response in term79 and preterm80 infants. Long-term
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studies relating B/A binding in infants to develop-
mental outcome are limited and conflicting.69,81,82 In
addition, clinical laboratory measurement of UB is
not currently available in the United States.

The ratio of bilirubin (mg/dL) to albumin (g/dL)
does correlate with measured UB in newborns83 and
can be used as an approximate surrogate for the
measurement of UB. It must be recognized, however,
that both albumin levels and the ability of albumin to
bind bilirubin vary significantly between new-
borns.83,84 Albumin binding of bilirubin is impaired
in sick infants,84–86 and some studies show an in-
crease in binding with increasing gestational86,87 and
postnatal87,88 age, but others have not found a sig-
nificant effect of gestational age on binding.89 Fur-
thermore, the risk of bilirubin encephalopathy is un-
likely to be a simple function of the TSB level or the
concentration of UB but is more likely a combination
of both (ie, the total amount of bilirubin available
[the miscible pool of bilirubin] as well as the ten-
dency of bilirubin to enter the tissues [the UB con-
centration]).83 An additional factor is the possible
susceptibility of the cells of the central nervous sys-
tem to damage by bilirubin.90 It is therefore a clinical
option to use the B/A ratio together with, but not in
lieu of, the TSB level as an additional factor in deter-
mining the need for exchange transfusion83 (Fig 4).
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APPENDIX 2: Phototherapy
There is no standardized method for delivering

phototherapy. Phototherapy units vary widely, as do
the types of lamps used in the units. The efficacy of
phototherapy depends on the dose of phototherapy
administered as well as a number of clinical factors
(Table 5).1

Measuring the Dose of Phototherapy
Table 5 shows the radiometric quantities used in

measuring the phototherapy dose. The quantity most
commonly reported in the literature is the spectral
irradiance. In the nursery, spectral irradiance can be
measured by using commercially available radiome-
ters. These instruments take a single measurement
across a band of wavelengths, typically 425 to 475 or
400 to 480 nm. Unfortunately, there is no standard-
ized method for reporting phototherapy dosages in
the clinical literature, so it is difficult to compare
published studies on the efficacy of phototherapy
and manufacturers’ data for the irradiance produced
by different systems.2 Measurements of irradiance
from the same system, using different radiometers,
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can also produce significantly different results. The
width of the phototherapy lamp’s emissions spec-
trum (narrow versus broad) will affect the measured
irradiance. Measurements under lights with a very
focused emission spectrum (eg, blue light-emitting
diode) will vary significantly from one radiometer to
another, because the response spectra of the radiom-
eters vary from manufacturer to manufacturer.
Broader-spectrum lights (fluorescent and halogen)
have fewer variations among radiometers. Manufac-
turers of phototherapy systems generally recom-
mend the specific radiometer to be used in measur-
ing the dose of phototherapy when their system is
used.

It is important also to recognize that the measured
irradiance will vary widely depending on where the
measurement is taken. Irradiance measured below
the center of the light source can be more than dou-
ble that measured at the periphery, and this dropoff
at the periphery will vary with different photother-
apy units. Ideally, irradiance should be measured at
multiple sites under the area illuminated by the unit
and the measurements averaged. The International
Electrotechnical Commission3 defines the “effective
surface area” as the intended treatment surface that
is illuminated by the phototherapy light. The com-
mission uses 60 � 30 cm as the standard-sized sur-
face.

Is It Necessary to Measure Phototherapy Doses
Routinely?

Although it is not necessary to measure spectral
irradiance before each use of phototherapy, it is im-
portant to perform periodic checks of phototherapy
units to make sure that an adequate irradiance is
being delivered.

The Dose-Response Relationship of Phototherapy
Figure 5 shows that there is a direct relationship

between the irradiance used and the rate at which
the serum bilirubin declines under phototherapy.4
The data in Fig 5 suggest that there is a saturation
point beyond which an increase in the irradiance
produces no added efficacy. We do not know, how-
ever, that a saturation point exists. Because the con-
version of bilirubin to excretable photoproducts is
partly irreversible and follows first-order kinetics,
there may not be a saturation point, so we do not
know the maximum effective dose of phototherapy.

Effect on Irradiance of the Light Spectrum and the
Distance Between the Infant and the Light Source

Figure 6 shows that as the distance between the
light source and the infant decreases, there is a cor-
responding increase in the spectral irradiance.5 Fig 6
also demonstrates the dramatic difference in irradi-

TABLE 5. Factors That Affect the Dose and Efficacy of Phototherapy

Factor Mechanism/Clinical
Relevance

Implementation and
Rationale

Clinical Application

Spectrum of light emitted Blue-green spectrum is
most effective. At these
wavelengths, light
penetrates skin well
and is absorbed
maximally by bilirubin.

Special blue fluorescent
tubes or other light
sources that have
most output in the
blue-green spectrum
and are most
effective in lowering
TSB.

Use special blue tubes or LED light
source with output in blue-green
spectrum for intensive PT.

Spectral irradiance (irradiance
in certain wavelength
band) delivered to surface
of infant

1 irradiance 3
1 rate of decline in TSB

Irradiance is measured
with a radiometer as
�W/cm2 per nm.
Standard PT units
deliver 8–10 �W/
cm2 per nm (Fig 6).
Intensive PT requires
�30 �W/cm2 per
nm.

If special blue fluorescent tubes are
used, bring tubes as close to
infant as possible to increase
irradiance (Fig 6). Note: This
cannot be done with halogen
lamps because of the danger of
burn. Special blue tubes 10–15
cm above the infant will produce
an irradiance of at least 35 �W/
cm2 per nm.

Spectral power (average
spectral irradiance across
surface area)

1 surface area exposed
3 1 rate of decline in

TSB

For intensive PT,
expose maximum
surface area of infant
to PT.

Place lights above and fiber-optic
pad or special blue fluorescent
tubes* below the infant. For
maximum exposure, line sides of
bassinet, warmer bed, or
incubator with aluminum foil.

Cause of jaundice PT is likely to be less
effective if jaundice is
due to hemolysis or if
cholestasis is present.

(1 direct bilirubin)

When hemolysis is present, start
PT at lower TSB levels. Use
intensive PT. Failure of PT
suggests that hemolysis is the
cause of jaundice. If 1 direct
bilirubin, watch for bronze baby
syndrome or blistering.

TSB level at start of PT The higher the TSB, the
more rapid the decline
in TSB with PT.

Use intensive PT for higher TSB
levels. Anticipate a more rapid
decrease in TSB when TSB �20
mg/dL (342 �mol/L).

PT indicates phototherapy; LED, light-emitting diode.
* Available in the Olympic BiliBassinet (Olympic Medical, Seattle, WA).
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ance produced within the important 425- to 475-nm
band by different types of fluorescent tubes.

What is Intensive Phototherapy?
Intensive phototherapy implies the use of high

levels of irradiance in the 430- to 490-nm band (usu-
ally 30 �W/cm2 per nm or higher) delivered to as
much of the infant’s surface area as possible. How
this can be achieved is described below.

Using Phototherapy Effectively

Light Source
The spectrum of light delivered by a phototherapy

unit is determined by the type of light source and

any filters used. Commonly used phototherapy units
contain daylight, cool white, blue, or “special blue”
fluorescent tubes. Other units use tungsten-halogen
lamps in different configurations, either free-stand-
ing or as part of a radiant warming device. Recently,
a system using high-intensity gallium nitride light-
emitting diodes has been introduced.6 Fiber-optic
systems deliver light from a high-intensity lamp to a
fiber-optic blanket. Most of these devices deliver
enough output in the blue-green region of the visible
spectrum to be effective for standard phototherapy
use. However, when bilirubin levels approach the
range at which intensive phototherapy is recom-
mended, maximal efficiency must be sought. The
most effective light sources currently commercially
available for phototherapy are those that use special
blue fluorescent tubes7 or a specially designed light-
emitting diode light (Natus Inc, San Carlos, CA).6
The special blue fluorescent tubes are labeled
F20T12/BB (General Electric, Westinghouse, Sylva-
nia) or TL52/20W (Phillips, Eindhoven, The Nether-
lands). It is important to note that special blue tubes
provide much greater irradiance than regular blue
tubes (labeled F20T12/B) (Fig 6). Special blue tubes
are most effective because they provide light pre-
dominantly in the blue-green spectrum. At these
wavelengths, light penetrates skin well and is ab-
sorbed maximally by bilirubin.7

There is a common misconception that ultraviolet
light is used for phototherapy. The light systems
used do not emit significant ultraviolet radiation,
and the small amount of ultraviolet light that is
emitted by fluorescent tubes and halogen bulbs is in
longer wavelengths than those that cause erythema.
In addition, almost all ultraviolet light is absorbed by
the glass wall of the fluorescent tube and the Plexi-
glas cover of the phototherapy unit.

Distance From the Light
As can be seen in Fig 6, the distance of the light

source from the infant has a dramatic effect on the
spectral irradiance, and this effect is most significant
when special blue tubes are used. To take advantage
of this effect, the fluorescent tubes should be placed
as close to the infant as possible. To do this, the infant
should be in a bassinet, not an incubator, because the
top of the incubator prevents the light from being
brought sufficiently close to the infant. In a bassinet,
it is possible to bring the fluorescent tubes within
approximately 10 cm of the infant. Naked term in-
fants do not become overheated under these lights. It
is important to note, however, that the halogen spot
phototherapy lamps cannot be positioned closer to
the infant than recommended by the manufacturers
without incurring the risk of a burn. When halogen
lamps are used, manufacturers recommendations
should be followed. The reflectors, light source, and
transparent light filters (if any) should be kept clean.

Surface Area
A number of systems have been developed to pro-

vide phototherapy above and below the infant.8,9

One commercially available system that does this is
the BiliBassinet (Olympic Medical, Seattle, WA). This

Fig 5. Relationship between average spectral irradiance and de-
crease in serum bilirubin concentration. Term infants with nonhe-
molytic hyperbilirubinemia were exposed to special blue lights
(Phillips TL 52/20W) of different intensities. Spectral irradiance
was measured as the average of readings at the head, trunk, and
knees. Drawn from the data of Tan.4 Source: Pediatrics. 1996;98:
283-287.

Fig 6. Effect of light source and distance from the light source to
the infant on average spectral irradiance. Measurements were
made across the 425- to 475-nm band by using a commercial
radiometer (Olympic Bilimeter Mark II) and are the average of
measurements taken at different locations at each distance (irra-
diance at the center of the light is much higher than at the periph-
ery). The phototherapy unit was fitted with eight 24-in fluorescent
tubes. � indicates special blue, General Electric 20-W F20T12/BB
tube; �, blue, General Electric 20-W F20T12/B tube; Œ, daylight
blue, 4 General Electric 20-W F20T12/B blue tubes and 4 Sylvania
20-W F20T12/D daylight tubes; •, daylight, Sylvania 20-W
F20T12/D daylight tube. Curves were plotted by using linear
curve fitting (True Epistat, Epistat Services, Richardson, TX). The
best fit is described by the equation y � AeBx. Source: Pediatrics.
1996;98:283-287.
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unit provides special blue fluorescent tubes above
and below the infant. An alternative is to place fiber-
optic pads below an infant with phototherapy lamps
above. One disadvantage of fiber-optic pads is that
they cover a relatively small surface area so that 2 or
3 pads may be needed.5 When bilirubin levels are
extremely high and must be lowered as rapidly as
possible, it is essential to expose as much of the
infant’s surface area to phototherapy as possible. In
these situations, additional surface-area exposure
can be achieved by lining the sides of the bassinet
with aluminum foil or a white cloth.10

In most circumstances, it is not necessary to re-
move the infant’s diaper, but when bilirubin levels
approach the exchange transfusion range, the diaper
should be removed until there is clear evidence of a
significant decline in the bilirubin level.

What Decline in the Serum Bilirubin Can You Expect?
The rate at which the bilirubin declines depends

on the factors listed in Table 5, and different re-
sponses can be expected depending on the clinical
circumstances. When bilirubin levels are extremely
high (more than 30 mg/dL [513 �mol/L]), and in-
tensive phototherapy is used, a decline of as much as
10 mg/dL (171 �mol/L) can occur within a few
hours,11 and a decrease of at least 0.5 to 1 mg/dL per
hour can be expected in the first 4 to 8 hours.12 On
average, for infants of more than 35 weeks’ gestation
readmitted for phototherapy, intensive phototherapy
can produce a decrement of 30% to 40% in the initial
bilirubin level by 24 hours after initiation of photo-
therapy.13 The most significant decline will occur in
the first 4 to 6 hours. With standard phototherapy
systems, a decrease of 6% to 20% of the initial bili-
rubin level can be expected in the first 24 hours.8,14

Intermittent Versus Continuous Phototherapy
Clinical studies comparing intermittent with con-

tinuous phototherapy have produced conflicting re-
sults.15–17 Because all light exposure increases biliru-
bin excretion (compared with darkness), no plausible
scientific rationale exists for using intermittent pho-
totherapy. In most circumstances, however, photo-
therapy does not need to be continuous. Photother-
apy may be interrupted during feeding or brief
parental visits. Individual judgment should be exer-
cised. If the infant’s bilirubin level is approaching
the exchange transfusion zone (Fig 4), phototherapy
should be administered continuously until a satisfac-
tory decline in the serum bilirubin level occurs or
exchange transfusion is initiated.

Hydration
There is no evidence that excessive fluid adminis-

tration affects the serum bilirubin concentration.
Some infants who are admitted with high bilirubin
levels are also mildly dehydrated and may need
supplemental fluid intake to correct their dehydra-
tion. Because these infants are almost always breast-
fed, the best fluid to use in these circumstances is a
milk-based formula, because it inhibits the enterohe-
patic circulation of bilirubin and should help to
lower the serum bilirubin level. Because the photo-

products responsible for the decline in serum biliru-
bin are excreted in urine and bile,18 maintaining
adequate hydration and good urine output should
help to improve the efficacy of phototherapy. Unless
there is evidence of dehydration, however, routine
intravenous fluid or other supplementation (eg, with
dextrose water) of term and near-term infants receiv-
ing phototherapy is not necessary.

When Should Phototherapy Be Stopped?
There is no standard for discontinuing photother-

apy. The TSB level for discontinuing phototherapy
depends on the age at which phototherapy is initi-
ated and the cause of the hyperbilirubinemia.13 For
infants who are readmitted after their birth hospital-
ization (usually for TSB levels of 18 mg/dL [308
�mol/L] or higher), phototherapy may be discontin-
ued when the serum bilirubin level falls below 13 to
14 mg/dL (239-239 �mol/L). Discharge from the
hospital need not be delayed to observe the infant for
rebound.13,19,20 If phototherapy is used for infants
with hemolytic diseases or is initiated early and dis-
continued before the infant is 3 to 4 days old, a
follow-up bilirubin measurement within 24 hours
after discharge is recommended.13 For infants who
are readmitted with hyperbilirubinemia and then
discharged, significant rebound is rare, but a repeat
TSB measurement or clinical follow-up 24 hours after
discharge is a clinical option.13

Home Phototherapy
Because the devices available for home photother-

apy may not provide the same degree of irradiance
or surface-area exposure as those available in the
hospital, home phototherapy should be used only in
infants whose bilirubin levels are in the “optional
phototherapy” range (Fig 3); it is not appropriate for
infants with higher bilirubin concentrations. As with
hospitalized infants, it is essential that serum biliru-
bin levels be monitored regularly.

Sunlight Exposure
In their original description of phototherapy, Cre-

mer et al21 demonstrated that exposure of newborns
to sunlight would lower the serum bilirubin level.
Although sunlight provides sufficient irradiance in
the 425- to 475-nm band to provide phototherapy,
the practical difficulties involved in safely exposing a
naked newborn to the sun either inside or outside
(and avoiding sunburn) preclude the use of sunlight
as a reliable therapeutic tool, and it therefore is not
recommended.

Complications
Phototherapy has been used in millions of infants

for more than 30 years, and reports of significant
toxicity are exceptionally rare. Nevertheless, photo-
therapy in hospital separates mother and infant, and
eye patching is disturbing to parents. The most im-
portant, but uncommon, clinical complication occurs
in infants with cholestatic jaundice. When these in-
fants are exposed to phototherapy, they may develop
a dark, grayish-brown discoloration of the skin, se-
rum, and urine (the bronze infant syndrome).22 The
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pathogenesis of this syndrome is unknown, but it
may be related to an accumulation of porphyrins and
other metabolites in the plasma of infants who de-
velop cholestasis.22,23 Although it occurs exclusively
in infants with cholestasis, not all infants with cho-
lestatic jaundice develop the syndrome.

This syndrome generally has had few deleterious
consequences, and if there is a need for photother-
apy, the presence of direct hyperbilirubinemia
should not be considered a contraindication to its
use. This is particularly important in sick neonates.
Because the products of phototherapy are excreted in
the bile, the presence of cholestasis will decrease the
efficacy of phototherapy. Nevertheless, infants with
direct hyperbilirubinemia often show some response
to phototherapy. In infants receiving phototherapy
who develop the bronze infant syndrome, exchange
transfusion should be considered if the TSB is in the
intensive phototherapy range and phototherapy
does not promptly lower the TSB. Because of the
paucity of data, firm recommendations cannot be
made. Note, however, that the direct serum bilirubin
should not be subtracted from the TSB concentration
in making decisions about exchange transfusions
(see Fig 4).

Rarely, purpura and bullous eruptions have been
described in infants with severe cholestatic jaundice
receiving phototherapy,24,25 and severe blistering
and photosensitivity during phototherapy have oc-
curred in infants with congenital erythropoietic por-
phyria.26,27 Congenital porphyria or a family history
of porphyria is an absolute contraindication to the
use of phototherapy, as is the concomitant use of
drugs or agents that are photosensitizers.28
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ERRATUM

Two errors appeared in the American Academy of Pediatrics clinical practice
guideline, titled “Management of Hyperbilirubinemia in the Newborn Infant 35 or
More Weeks of Gestation,” that was published in the July 2004 issue of Pediatrics
(2004;114:297–316). On page 297, Background section, first paragraph, the second
sentence should read: “The current guideline represents a consensus of the com-
mittee charged by the AAP with reviewing and updating the existing guideline
and is based on a careful review of the evidence, including a comprehensive
literature review by the Agency for Healthcare Research and Quality and the New
England Medical Center Evidence-Based Practice Center.2” On page 308, Appendix
1, first paragraph, the 4 levels of evidence quality should have been labeled A, B,
C, and D rather than 1, 2, 3, and 4, respectively. The American Academy of
Pediatrics regrets these errors.
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CLINICAL REPORT

Neonatal Drug Withdrawal

abstract
Maternal use of certain drugs during pregnancy can result in transient
neonatal signs consistent with withdrawal or acute toxicity or cause
sustained signs consistent with a lasting drug effect. In addition, hos-
pitalized infants who are treated with opioids or benzodiazepines to
provide analgesia or sedation may be at risk for manifesting signs
of withdrawal. This statement updates information about the clinical
presentation of infants exposed to intrauterine drugs and the thera-
peutic options for treatment of withdrawal and is expanded to include
evidence-based approaches to the management of the hospitalized in-
fant who requires weaning from analgesics or sedatives. Pediatrics
2012;129:e540–e560

INTRODUCTION

Use and abuse of drugs, alcohol, and tobacco contribute significantly
to the health burden of society. The 2009 National Survey on Drug Use
and Health reported that recent (within the past month) use of illicit
drugs, binge or heavy alcohol ingestion, and use of tobacco products
occurred in 8.7%, 23.7%, and 27.7%, respectively, of the population
12 years or older.1 Numerous case reports have documented the use
of a variety of drugs by women of childbearing age (Table 1). In-
trauterine exposure to certain drugs may cause congenital anomalies
and/or fetal growth restriction, increase the risk of preterm birth,
produce signs of withdrawal or toxicity in the neonate, or impair
normal neurodevelopment.2 Fetal exposure to marijuana, the illicit
drug most commonly used by pregnant women, does not cause
clinically important neonatal withdrawal signs but may have subtle
effects on long-term neurobehavioral outcomes.3 With the use of
computer-assisted interviewing techniques that preserved confiden-
tiality, the 2009 National Survey on Drug Use and Health noted that
4.5% of pregnant women 15 to 44 years of age reported recent use
of illicit drugs (eg, marijuana, cocaine, hallucinogens, heroin, meth-
amphetamines, and nonmedical use of prescription drugs). Binge or
heavy drinking in the first trimester was reported by 11.9%, and
recent tobacco use was reported by 15.3%. Rates of recent illicit drug
use and smoking were lower among pregnant compared with non-
pregnant women across all age groups, except for those 15 to 17
years of age. In the latter age group, the rates of illicit drug use and
smoking were higher among those who were pregnant compared
with those who were not pregnant (15.8% vs 13.0% and 20.6% vs
13.9%, respectively). The reported rates of illicit drug use most likely
underestimate true rates, because the percentage of pregnant women
who report the recent use of illicit drugs on screening interviews can
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or chronic pain. In a recent report,
chronic use of narcotic prescriptions
(use for ≥1 intrapartum month) among
pregnant women cared for at a single
clinic increased fivefold from 1998 to
2008, and 5.6% of infants delivered
to these women manifested signs of
neonatal withdrawal.5

Signs characteristic of neonatal with-
drawal have been attributed to intra-
uterine exposure to a variety of drugs
(Table 2). Other drugs cause signs in
neonates because of acute toxicity.
Chronic in utero exposure to a drug (eg,
alcohol) can lead to permanent phe-
notypical and/or neurodevelopmental-
behavioral abnormalities consistent
with drug effect. Signs and symptoms
of withdrawal worsen as drug levels
decrease, whereas signs and symp-
toms of acute toxicity abate with drug
elimination. Clinically important neo-
natal withdrawal most commonly re-
sults from intrauterine opioid exposure.
The constellation of clinical findings
associated with opioid withdrawal has
been termed the neonatal abstinence

syndrome (NAS). Among neonates ex-
posed to opioids in utero, withdrawal
signs will develop in 55% to 94%.6–9

Neonatal withdrawal signs have also
been described in infants exposed an-
tenatally to benzodiazepines,10,11 bar-
biturates,12,13 and alcohol.14,15

COCAINE AND OTHER STIMULANTS

An abstinence syndrome after intra-
uterine exposure to central nervous
system (CNS) stimulants such as co-
caine and amphetamine has not been
clearly defined. Many studies that have
assessed behavior and neurologic signs
in cocaine-exposed infants have used
scoring systems that were designed
to evaluate opioid withdrawal. Neuro-
behavioral abnormalities16,17 frequently
occur in neonates with intrauterine
cocaine exposure, most frequently on
the second or third postnatal days.18

These abnormalities may include ir-
ritability, hyperactivity, tremors, high-
pitched cry, and excessive sucking.
Because cocaine or its metabolites
may be detected in neonatal urine

TABLE 1 Major Drugs of Abusea

Opioids CNS Stimulants CNS Depressants Hallucinogens

Agonists Amphetamines Alcohol Indolealkylamines (LSD, psilocin, psilocybin, DMT, DET)
Morphine Dextroamphetamine (Dexedrine) Barbiturates Phenylethylamines (mescaline, peyote)
Codeine Methamphetamine Benzodiazepines Phenylisopropylamines (MDA, MMDA, MDMA, MDEA)
Methadone Amphetamine sulfate Other sedative-hypnotics Inhalants
Meperidine (Demerol) Amphetamine congeners Methaqualone (Quaalude) Solvents and aerosols (glues, gasoline, paint thinner,

cleaning solutions, nail polish remover, Freon)
Oxycodone (Percodan, OxyIR,

Percolone, Roxicodone,
Percocet, OxyContin)

Benzphetamine (Didrex) Glutethimide (Doriden) Nitrites

Propoxyphene (Darvon) Diethylpropion (Tenuate) Chloral hydrate Nitrous oxide
Hydromorphone (Dilaudid) Fenfluramine Cannabinoids
Hydrocodone (Lortab, Vicodin) Phendimetrazine (Adipost, Bontril,

Prelu-2)
Marijuana

Fentanyl (Sublimaze) Phentermine (Adipex-P, Zantryl) Hashish
Tramadol (Ultram, Ultracet) Cocaine
Heroin Methylphenidate (Ritalin, Concerta)

Antagonists Pemoline (Cylert)
Naloxone (Narcan) Phenylpropanolamine
Naltrexone (ReVia) Phencyclidines

Mixed Agonist-Antagonists Nicotine
Pentazocine (Talwin)
Buprenorphine (Buprenex)

DET, diethyltryptamine; DMT, dimethyltryptamine; LSD, lysergic acid diethylamide; MDA, methylenedioxyamphetamine; MDEA, 3,4-methylenedioxyethamphetamine; MDMA, 3,4-methylene-
dioxymethamphetamine (ecstasy); and MMDA, 3-methoxy-4,5-methylenedioxyamphetamine.
a Adapted from Milhorn.160

be substantially lower than that de-
termined by drug screening using bi-
ological samples. For infants, the use 
of International Classification of Dis-
eases, Ninth Revision (ICD-9)-based hos-
pital discharge databases to determine 
the incidence of neonatal drug with-
drawal secondary to intrauterine expo-
sure has in the past underestimated 
the incidence of this condition.4 Data 
compiled by the Agency for Health-
care Research and Quality and by the 
Florida Department of Health attest to 
an increased incidence and/or recog-
nition of neonatal withdrawal syn-
drome (ICD-9 code 779.5). Nationally, the 
number of infants coded at discharge 
with neonatal withdrawal increased 
from 7653 in 1995 to 11 937 in 2008. In 
Florida, the number of newborns dis-
charged with ICD-9 code 779.5 climbed 
by more than 10-fold, from 0.4 to 4.4 
discharges per 1000 live births, from 
1995 to 2009. An indeterminate part of 
these observed increases has resulted 
from more liberal use of prescription 
opiates in pregnant women to palliate 
a wide variety of etiologies of acute
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for as long as 7 days after delivery,18

observed abnormalities in exposed in-
fants may reflect drug effect rather
than withdrawal. In an unmasked study,
6%, 14%, and 35% of infants exposed
to cocaine only, heroin only, or cocaine
plus heroin, respectively, qualified for
treatment on the basis of scoring.19

Several studies that used masked eval-
uators found that cocaine-exposed in-
fants had either no20,21 or minimal22

withdrawal signs compared with cocaine-
naïve infants (ie, those never exposed).
Eyler et al16 conducted a prospective
controlled study of 3 groups of infants:
1 group had no documented exposure
to cocaine by history or by maternal
and infant urine testing; a second group
was cocaine exposed but had negative
urine screening at birth; and a third
group had cocaine metabolites de-
tected in neonatal urine. Observers
masked to infant status performed as-
sessments using the Brazelton Neo-
natal Behavioral Assessment Scale.23

Infants who were positive for cocaine
metabolites did not differ significantly

from metabolite-negative infants with a
history of exposure nor from cocaine-
naïve infants. These findings supported
neither a withdrawal nor a drug tox-
icity syndrome. Cocaine-exposed infants
have been described as having a higher
incidence of abnormal auditory brain-
stem responses and EEGs, compared
with nonexposed infants.24,25 In another
study, infants with heavy exposure to
cocaine had similar Brazelton findings
at 2 to 3 days of age as did infants
with light or no exposure; however, by
17 days of age, heavily exposed infants
were more excitable and demonstrated
poorer state regulation.26 No published
studies have carefully evaluated phar-
macologic treatment of infants with
signs attributable to prenatal cocaine
exposure.

Methamphetamine abuse has been
reported among pregnant women,27

although overall rates are low com-
pared with cocaine and appear to
have decreased in the general popu-
lation between 2006 and 2008.1 Meth-
amphetamine is an extremely potent

sympathomimetic agent that induces
euphoria and increases alertness and
self-confidence, because it produces a
massive efflux of dopamine in the CNS.
Pregnant women who abuse metham-
phetamine are at increased risk of pre-
term birth, placental abruption, fetal
distress, and intrauterine growth re-
striction at rates similar to those for
pregnant women who use cocaine. In
1 study, only 4% of infants exposed to
methamphetamine were treated for
drug withdrawal, but it was not pos-
sible to exclude concomitant abuse of
other drugs as contributory in all
cases.27 There are reports of long-term
adverse neurotoxic effects of in utero
methamphetamine exposure on behav-
ior, cognitive skills, and physical dex-
terity.28,29

SELECTIVE SEROTONIN REUPTAKE
INHIBITORS

Selective serotonin reuptake inhibitors
(SSRIs) are a class of antidepressant
medications that became available for
widespread clinical use in 1988. SSRIs

TABLE 2 Maternal Nonnarcotic Drugs That Cause Neonatal Psychomotor Behavior Consistent With Withdrawal

Drug Signs Onset of Signs Duration of Signsa Ref. No.

Alcohol Hyperactivity, crying, irritability, poor suck, tremors, seizures;
onset of signs at birth, poor sleeping pattern, hyperphagia,
diaphoresis

3–12 h 18 mo 14,15

Barbiturates Irritability, severe tremors, hyperacusis, excessive crying,
vasomotor instability, diarrhea, restlessness, increased tone,
hyperphagia, vomiting, disturbed sleep; onset first 24 h of life
or as late as 10–14 d of age

1–14 d 4-6 mo with prescription 12,13

Caffeine Jitteriness, vomiting, bradycardia, tachypnea At birth 1-7 d 161
Chlordiazepoxide Irritability, tremors; signs may start at 21 d Days–weeks 9 mo; 11/2 mo with prescription 11
Clomipramine Hypothermia, cyanosis, tremors; onset 12 h of age 4 d with prescription 162
Diazepam Hypotonia, poor suck, hypothermia, apnea, hypertonia,

hyperreflexia, tremors, vomiting, hyperactivity, tachypnea
(mother receiving multiple drug therapy)

Hours–weeks 8 mo; 10–66 d with prescription 10

Ethchlorvynol Lethargy, jitteriness, hyperphagia, irritability, poor suck,
hypotonia (mother receiving multiple drug therapy)

Possibly 10 d with prescription 163

Glutethimide Increased tone, tremors, opisthotonos, high-pitched cry,
hyperactivity, irritability, colic

6 mo 164

Hydroxyzine Tremors, irritability, hyperactivity, jitteriness, shrill cry,
myoclonic jerks, hypotonia, increased respiratory and heart
rates, feeding problems, clonic movements (mother receiving
multiple drug therapy)

5 wk with prescription 58

Meprobamate Irritability, tremors, poor sleep patterns, abdominal pain 9 mo; 3 mo with prescription 165
SSRIs Crying, irritability, tremors, poor suck, feeding difficulty,

hypertonia, tachypnea, sleep disturbance, hypoglycemia,
seizures

Hours–days 1–4 wk 31–33,35

a Prescription indicates the infant was treated with pharmacologic agents, and the natural course of the signs may have been shortened.
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nausea, fatigue, low mood, and, rarely,
extrapyramidal signs such as dysto-
nia. Hence, in most cases, the clinical
syndrome reported among neonates
born to mothers on SSRI treatment is
consistent with a gradual resolution of
a hyperserotonergic condition rather
than with the evolution of a hyposer-
otonergic state. Still, in a few cases,
drug withdrawal may be a better ex-
planation.35

Biochemical studies that correlate
serial serum SSRI (or active metabo-
lite) concentrations and markers of
CNS serotonin activity (eg, 5-hydrox-
yindoleacetic acid [5-HIAA], a metabo-
lite of serotonin) with changes in
clinical signs could be helpful in dif-
ferentiating toxicity from withdrawal.
In adults, cerebrospinal fluid concen-
trations of 5-HIAA (but not serum
concentrations of serotonin) correlate
inversely with increased CNS serotonin
activity that results from SSRI treat-
ment. One prospective study compared
concentrations of SSRI and active
metabolites at birth, 2 days of life, and
2 weeks of life; cord blood monoamine
and metabolite; and serial serotoner-
gic scores in infants born to mothers
on treatment with SSRIs and those
of SSRI-naïve control infants.39 The in-
fants born to mothers on SSRIs had
an average serotonergic score four-
fold greater than SSRI-naïve infants.
Cord blood 5-HIAA concentrations
were inversely related to the initial
serotonergic score, and the resolution
of neonatal signs correlated with
rapid declines in serially measured
serum SSRI and metabolite concen-
trations.39 These results do support
drug toxicity rather than drug with-
drawal as the cause of clinical signs.
Recent authors have suggested the
terms “serotonin discontinuation syn-
drome”34 or “prenatal antidepressant
exposure syndrome.”41

Although 1 study reported decreased
pain reactivity at 2 months of age

in infants with prenatal exposure to
SSRIs,42 several recent reviews have
not identified adverse neurodevelop-
mental outcomes among infants born
to women treated with SSRIs dur-
ing pregnancy.30,34,43,44 SSRI treatment
should be continued during preg-
nancy at the lowest effective dose,
because withdrawal of medication
may have harmful effects on the
mother-infant dyad. Clinicians should
be aware that infants are at risk for
manifesting clinical signs of drug
toxicity or withdrawal over the first
week of life and arrange for early
follow-up after the initial hospital dis-
charge. Ideally, recommendations about
lactation and breastfeeding should
be made in consideration of what is
known about the differences among
drugs in a therapeutic class vis-à-vis
the ratio of human milk to maternal
plasma drug concentration, the likely
total daily infant drug dose (as a
fraction of the daily maternal drug
dose normalized for weight), and the
ratio of infant to maternal plasma
drug concentration. However, in the
absence of known adverse effects (eg,
diminished suck, sleep disturbances,
decreased growth), what constitutes
an acceptable fractional drug dose
or ratio of plasma concentrations is
arbitrary—is 0.10 acceptable but 0.20
not? Paroxetine is the only SSRI for
which the ratio of infant to maternal
plasma concentrations is low and
uniformly <0.10.45 Fortinguerra et al46

documented that paroxetine, sertra-
line, and fluvoxamine are minimally
excreted in human milk and provide
the infant <10% of the maternal daily
dose (normalized for weight). Yet,
Weissman et al45 cite studies in which
6% and 33% of the reported paired
infant to maternal plasma concentra-
tion ratios for sertraline and fluvox-
amine, respectively, are >0.10. A
mother on treatment with an SSRI
who desires to nurse her infant
should be counseled about the

(eg, fluoxetine [Prozac], paroxetine 
[Paxil], sertraline [Zoloft], citalopram 
[Celexa], escitalopram [Lexapro], and 
fluvoxamine [Luvox]) are now the most 
frequently used drugs to treat depres-
sion both in the general population and 
in pregnant women.30 Case reports,31 

adverse drug reaction reports,32 and 
prospective studies33,34 linked third-
trimester use of SSRIs in pregnant 
women to a constellation of neonatal 
signs that include continuous crying, ir-
ritability, jitteriness, and/or restlessness; 
shivering; fever; tremors; hypertonia or 
rigidity; tachypnea or respiratory dis-
tress; feeding difficulty; sleep distur-
bance; hypoglycemia; and seizures.35

The onset of these signs ranged from 
several hours to several days after 
birth and usually resolved within 1 to 2 
weeks. In 1 infant exposed to parox-
etine, signs persisted through 4 weeks 
of age.36 In severely affected infants, a 
short-term course of chlorpromazine 
provided measurable relief of symp-
toms.36

Several authors have discussed whether 
these signs are better explained by se-
rotonin syndrome (attributable to in-
creased serotonin concentration in the 
intersynaptic cleft) or by SSRI with-
drawal (attributable to a relative hypo-
serotonergic state).30,32,35,37–40 In adults, 
treatment with a single SSRI may 
cause mild to moderate serotonin syn-
drome, but severe signs are more 
likely to occur when 2 or more drugs 
that increase serotonin concentration 
by different mechanisms are pre-
scribed.35 In adults, serotonin syn-
drome is characterized by the following 
triad of clinical signs: changes in men-
tal status (agitation, confusion); auto-
nomic hyperactivity (fever, tachycardia, 
tachypnea, diaphoresis, mydriasis); and 
neuromuscular abnormalities (tremor, 
clonus, hyperreflexia, hypertonia). On 
the other hand, serotonin withdrawal 
in adults manifests with subjective symp-
toms that include anxiety, headache,
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benefits of breastfeeding as well as
the potential risk that her infant may
continue to be exposed to a measure-
able level of the SSRI with unknown
long-term effects.

OPIOIDS

Opioids are a class of natural, en-
dogenous, and synthetic compounds
that activate primarily µ-opioid (but
also κ- and δ-opioid) receptors in the
CNS to produce supraspinal analgesia.
Other acute effects include sedation,
euphoria, miosis, respiratory depres-
sion, and decreased gastrointestinal
motility. Prolonged use results in phys-
ical and psychological dependence. As
a class, opioids demonstrate a nar-
row therapeutic index. On the other
hand, the interpatient range of dose
necessary to achieve a similar thera-
peutic effect is fairly wide because
of genetic differences in pharmacoki-
netics and pharmacodynamics.47 Mor-
phine is 1 of many natural opioids
that can be extracted from the opium
poppy. Codeine, heroin (diacetylmor-
phine), hydromorphone (Dilaudid), fen-
tanyl (Sublimaze), and methadone are
examples of synthetic opioids. Endog-
enous opioids include enkephalins,
endorphins, and endomorphins. The
term opiate refers to a subclass of
alkaloid opioids. Methadone exerts
secondary effects by acting as an
N-methyl-D-aspartate receptor antago-
nist, blocking the actions of glutamate,
the primary excitatory neurotrans-
mitter in the CNS. Opioids acutely in-
hibit the release of noradrenaline at
synaptic terminals. With chronic opi-
oid exposure, tolerance develops as
the rate of noradrenaline release
over time increases toward normal.
Abrupt discontinuation of exogenous
opioids results in supranormal re-
lease of noradrenaline and produces
the autonomic and behavioral signs
and symptoms characteristic of with-
drawal.

Opioid abuse in pregnant women
presents additional risks for the fetus
and newborn. Opioids are small lipo-
philic molecular weight compounds
that cross placental and blood-brain
barriers. Active or passive maternal
detoxification is associated with in-
creased risk of fetal distress and fe-
tal loss. Maintenance programs with
methadone (a full µ-opioid agonist
and a Food and Drug Administration
[FDA] schedule II controlled substance)
for pregnant women can sustain opi-
oid concentrations in the mother and
fetus in ranges that minimize opioid
craving, suppress abstinence symp-
tomatology, block heroin-induced eu-
phoria, and prevent fetal stress. Other
benefits from this once controversial
treatment are optimization of prenatal
care and general maternal physical
and mental health, as well as antici-
pation of potential withdrawal signs in
the newborn infant. Disadvantages of
methadone include the extremely un-
likely achievement of successful de-
toxification after delivery and a more
severe and prolonged course of NAS
compared with heroin exposure. These
issues have encouraged the develop-
ment of other synthetic opioids as al-
ternative treatments to methadone.

Subsequent to the Drug Addiction
Treatment Act of 2000 that allowed
office-based treatment of addiction by
using FDA schedule III to V drugs,
the synthetic opioid buprenorphine
(a partial µ-opioid agonist) was ap-
proved by the FDA in 2002 as a sched-
ule III controlled substance for the
treatment of opioid dependence. Nei-
ther methadone nor buprenorphine is
approved for use in pregnant women,
and both are categorized by the FDA
as class C pregnancy drugs. None-
theless, buprenorphine, either alone
(Subutex) or in combination with nal-
oxone (Suboxone), has been used both
as a first-line treatment of heroin ad-
diction and as a replacement drug for

methadone. Recent results from the
Maternal Opioid Treatment: Human
Experimental Research study suggest
that buprenorphine has some advan-
tages to methadone as a treatment of
opioid addiction in pregnant women.
Infants born to mothers treated with
buprenorphine had shorter hospital
stays (10 vs 17.5 days), had shorter
treatment durations for NAS (4.1 vs
9.9 days), and required a lower cumu-
lative dose of morphine (1.1 vs 10.4 mg)
compared with infants born to moth-
ers on methadone maintenance.48

CLINICAL PRESENTATION OF
OPIOID WITHDRAWAL

The clinical presentation of NAS varies
with the opioid, the maternal drug
history (including timing of the most
recent use of drug before delivery),
maternal metabolism, net transfer of
drug across the placenta, placental
metabolism (W. Snodgrass, MD, PhD,
personal communication, 2008), infant
metabolism and excretion, and other
factors. In addition, maternal use of
other drugs and substances such
as cocaine, barbiturates, hypnotics-
sedatives, and cigarettes may influ-
ence the severity and duration of
NAS. Because opioid receptors are
concentrated in the CNS and the
gastrointestinal tract, the predom-
inant signs and symptoms of pure
opioid withdrawal reflect CNS irrita-
bility, autonomic overreactivity, and gas-
trointestinal tract dysfunction (Table 3).
Excess environmental stimuli and hun-
ger will exacerbate the perceived se-
verity of NAS.

Onset of signs attributable to neonatal
withdrawal from heroin often begins
within 24 hours of birth, whereas
withdrawal from methadone usually
commences around 24 to 72 hours of
age.49 For both opioids, evidence of
withdrawal may be delayed until 5 to
7 days of age or later, which is typi-
cally after hospital discharge.50 For
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life. Barbiturate withdrawal has a me-
dian onset of 4 to 7 days, but a wide
range from days 1 through 14.12,13

Other sedative-hypnotics have exhibi-
ted even later onset, including as late
as day 12 for diazepam10 and day 21
for chlordiazepoxide.11

Studies of the relationship between
maternal methadone dose and the
incidence and severity of NAS have
provided contradictory findings. Some
studies demonstrated that larger
maternal methadone dosages in late
pregnancy were associated with greater
neonatal concentrations and increased
risk of withdrawal,8,9,62–68 but others
refuted a correlation.69–74 This lack of
consensus is explained in part by dif-
ferent approaches to the management
of antenatal methadone maintenance
therapy. There were substantial var-
iations in the mean and range of daily
methadone dose in the populations
studied. Studies that found no corre-
lation tended to enroll infants born to
mothers who had been prescribed
higher doses of methadone (50–200
mg/day), whereas those that did note
a relationship between maternal dose
and NAS sequelae reported lower
maternal doses (eg, <50 mg/day) or
included women undergoing partial
detoxification.67 Another potential ex-
planatory factor is the significant in-
terindividual variability in maternal
methadone metabolism.75 As a re-
sult, cumulative fetal exposure can

be expected to vary among infants
born to mothers on equivalent metha-
done regimens.

Methadone concentrations in cord
blood and at 48 hours of age,72 as well
as the rate of decline in neonatal se-
rum concentration,65 appear to corre-
late with NAS signs. Kuschel et al72

found that infants who required rescue
treatment had lower cord blood meth-
adone concentrations and that, in all
but 1 infant, methadone concentrations
were undetectable in the serum at
48 hours. Doberczak65 noted that faster
declines in postnatal blood methadone
concentrations were associated with
more severe CNS withdrawal.

Preterm Infants

Preterm infants have been described
as being at lower risk of drug with-
drawal with less severe and/or pro-
longed courses. Infants born at <35
weeks’ gestation whose mothers re-
ceived methadone maintenance had
significantly lower total and CNS ab-
stinence scores than did term infants
of mothers receiving similar metha-
done dosages.64 In a more recent
study, lower gestational age corre-
lated with a lower risk of neonatal
withdrawal.68 The apparent decreased
severity of signs in preterm infants
may relate to developmental immatu-
rity of the CNS, differences in total
drug exposure, or lower fat depots
of drug. Alternatively, the clinical
evaluation of the severity of absti-
nence may be more difficult in pre-
term infants, because scoring tools
to describe withdrawal were largely
developed in term or late preterm
infants.76,77 In a retrospective study,
Dysart et al78 compared the length of
hospital stay, duration of medication,
and cumulative medication exposure
for preterm and term infants born
to mothers enrolled in a methadone
maintenance program. Infants were
evaluated by using an abstinence
scoring system77 and treated uniformly

TABLE 3 Clinical Features of the Neonatal Narcotic Abstinence Syndrome

Neurologic Excitability Gastrointestinal Dysfunction

Tremors
Irritability
Increased wakefulness
High-pitched crying
Increased muscle tone
Hyperactive deep tendon reflexes
Exaggerated Moro reflex
Seizures
Frequent yawning and sneezing

Poor feeding
Uncoordinated and constant sucking
Vomiting
Diarrhea
Dehydration
Poor wt gain
Autonomic signs
Increased sweating
Nasal stuffiness
Fever
Mottling
Temperature instability

infants exposed to buprenorphine, 1 
study found that onset of withdrawal 
peaked at 40 hours and that signs 
were most severe at 70 hours of 
age.51 The different time courses re-
flect variations in the half-lives of 
drug elimination. However, if 1 week 
or longer has elapsed between the 
last maternal opioid use and delivery 
of the infant, the incidence of neona-
tal withdrawal is relatively low.52 The 
incidence and severity of NAS are 
greater in infants exposed to metha-
done compared with those exposed to 
buprenorphine48 or heroin. Still, se-
vere withdrawal has been described 
in 0 to 50% of buprenorphine-exposed 
infants.53–55 In the acute phase, seiz-
ures have occurred in 2% to 11% of 
infants withdrawing from opioids49,50,56; 
however, abnormal EEG results with-
out overt seizure activity have been 
reported in >30% of neonates.57,58

Subacute signs of opioid withdrawal 
may last up to 6 months.59

Seizures also may be associated with 
withdrawal from a variety of non-
narcotic drugs (eg, barbiturates,12,14

alcohol,14 and sedative-hypnotics60,61). 
The mechanism and significance of 
seizures associated with withdrawal 
are unclear. Withdrawal from ethanol 
begins early, in general, during the 
first 3 to 12 hours after delivery.12,15
Diagnosis of sedative withdrawal is 
more difficult, because classically it 
appears after the first few days of
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with a neonatal opiate solution. All
adverse outcomes were reduced in the
preterm cohort.

Abuse of Multiple Drugs

The abuse of multiple drugs during
pregnancy is not uncommon,79 but its
effect on the occurrence and severity
of neonatal abstinence is controver-
sial. In 1 study, abstinence scores of
infants whose mothers abused co-
caine and methadone were similar to
the scores of infants whose mothers
received high-dose maintenance meth-
adone.64 In another study, the neuro-
behavioral scores of infants exposed
to intrauterine cocaine were similar
to those of infants exposed to both
cocaine and methadone.80 Conversely,
an unmasked study reported higher
abstinence scores in infants exposed
to both cocaine and heroin in compar-
ison with those exposed to heroin or
cocaine alone.19 Infants born to moth-
ers maintained on methadone who
were also heavy smokers (>20 ciga-
rettes per day) demonstrated higher
withdrawal scores that peaked later
than infants born to light smokers.81

A 1989 case report linked the adminis-
tration of naloxone for the treatment of
apnea in a baby born to a mother with
recent methadone ingestion to the onset
of seizures. The seizures resolved after
morphine treatment but did not respond
to administration of phenobarbital or
diazepam.82 For this reason, maternal
use of opiates during pregnancy has
remained a relative contraindication to
the use of naloxone for the treatment of
apnea or hypoventilation during the
transition period after birth.

DIFFERENTIAL DIAGNOSIS

The presence of maternal character-
istics known to be associated with
drug abuse during pregnancy can be
considered an indication to screen
for intrauterine drug exposure. These
characteristics include absent, late, or

inadequate prenatal care; a previously
documented or admitted history of
drug abuse; a previous unexplained late
fetal demise; precipitous labor; abruptio
placentae; hypertensive episodes; se-
vere mood swings; cerebrovascular
accidents; myocardial infarction; and
repeated spontaneous abortions.80,83–88

The legal implications of testing and the
need for consent from the mother may
vary among the states.89 Each hospital
should consider adopting a policy for
maternal and newborn screening to
avoid discriminatory practices and to
comply with local laws.

Withdrawal signs in the newborn may
mimic other conditions, such as in-
fection, hypoglycemia, hypocalcemia,
hyperthyroidism, intracranial hemor-
rhage, hypoxic-ischemic encephalopa-
thy, and hyperviscosity.90 If none of
these diagnoses is readily apparent,
a detailed maternal drug history
should be obtained that includes
interviewing the mother about drug
use and abuse by her partner, friends,
and parents, in addition to queries
about the mother’s prescription and
nonprescription drug use.90,91 Because
maternal self-reporting underestimates
drug exposure and maternal urine
screening during pregnancy fails to
identify many cases of drug use,83

appropriate neonatal drug screening
should be performed. Conversely, no
clinical signs should be attributed
solely to drug withdrawal on the basis
of a positive maternal history without a
careful assessment to exclude other
causes.

Screening is most commonly accom-
plished by using neonatal urine speci-
mens. A urine sample must be collected
as soon as possible after birth, be-
cause many drugs are rapidly me-
tabolized and eliminated.90,92,93 Even
so, a positive urine screening result
may only reflect recent drug use. Al-
cohol is detectable in neonatal urine
for 6 to 16 hours after the last ma-

ternal ingestion. Amphetamines, ben-
zodiazepines, cocaine metabolites, and
opioids are usually cleared within 1 to
3 days after birth. Marijuana and co-
caine metabolites may be detectable for
weeks, depending on maternal usage.94

Drugs that are excreted in the hep-
atobiliary system as well as drugs
excreted by the fetal kidneys into the
amniotic fluid are concentrated in
meconium. Hence, meconium analysis
is most useful when the history and
clinical presentation strongly suggest
neonatal withdrawal, but the maternal
and neonatal urine screening results
are negative. Drawbacks of testing for
drugs in meconium are that it is not
typically performed by hospitals and
that results are often not available for
days to weeks. Meconium must be
collected before it is contaminated by
transitional, human milk, or formula
stools—otherwise, the assay may not
be valid or the reference laboratory
may reject the sample. Assay of me-
conium, although not conclusive if the
results are negative, is more likely
to identify infants of drug-abusing
mothers than is the testing of infant
or maternal urine.95,96 Other speci-
mens that have been tested in re-
search laboratories are maternal and
neonatal hair.97,98 Recently, testing of
umbilical cord tissue by using drug
class-specific immunoassays was shown
to be in concordance with testing of
paired meconium specimens at rates
of 97%, 95%, 99%, and 91% for the
detection of amphetamines, opiates, co-
caine, and cannabinoids, respectively.99

The availability of this tissue from the
moment of birth (in contrast to the
inherent delay in collecting urine or
meconium) may foster the adoption of
this method of testing.

ASSESSMENT AND
NONPHARMACOLOGIC TREATMENT

Several semiobjective tools are avail-
able for quantifying the severity of
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neonatal withdrawal signs. Clinicians
have used discrete or serial scores to
assist with therapeutic decisions. The
Lipsitz tool, also known as the Neonatal
Drug Withdrawal Scoring System,76

was recommended in the 1998 Amer-
ican Academy of Pediatrics statement
“Neonatal Drug Withdrawal,”100 prob-
ably because it is a relatively simple
metric with good sensitivity for iden-
tifying clinically important withdrawal.
The modified Neonatal Abstinence
Scoring System (Fig 1),101 is the pre-
dominant tool used in the United
States.102 This more comprehensive
instrument assigns a cumulative score
based on the interval observation of

21 items relating to signs of neonatal
withdrawal.103 In 1 study, administra-

tion of this scoring system with in-

fants verified not to have been exposed

to prenatal opiates by meconium anal-

ysis resulted in a stable median score

of 2 during each of the first 3 days of

life, with 95th percentile scores of 5.5

and 7 on days 1 and 2, respectively.104

Infants at risk for NAS should be
carefully monitored in the hospital
for the development of signs consis-
tent with withdrawal. The appropriate
duration of hospital observation is
variable and depends on a careful
assessment of the maternal drug

history. An infant born to a mother on
a low-dose prescription opiate with
a short half-life (eg, hydrocodone; av-
erage half-life, 4 hours) may be safely
discharged if there are no signs of
withdrawal by 3 days of age, whereas
an infant born to a mother on an opiate
with a prolonged half-life (eg, metha-
done) should be observed for a mini-
mum of 5 to 7 days. Initial treatment
of infants who develop early signs
of withdrawal is directed at minimiz-
ing environmental stimuli (both light
and sound) by placing the infant in a
dark, quiet environment; avoiding auto-
stimulation by careful swaddling; re-
sponding early to an infant’s signals;

FIGURE 1
Modified Finnegan’s Neonatal Abstinence Scoring Tool. Adapted from ref 101.
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adopting appropriate infant position-
ing and comforting techniques (sway-
ing, rocking); and providing frequent
small volumes of hypercaloric formula
or human milk to minimize hunger and
allow for adequate growth. Caloric
needs may be as high as 150 to 250
cal/kg per day because of increased
energy expenditure and loss of calories
from regurgitation, vomiting, and/or
loose stools.105,106 The infant needs
to be carefully observed to recognize
fever, dehydration, or weight loss
promptly. The goals of therapy are to
ensure that the infant achieves ade-
quate sleep and nutrition to establish
a consistent pattern of weight gain
and begins to integrate into a social
environment. Maternal screening for
comorbidities, such as HIV or hepatitis
C virus infections and polydrug abuse,
needs to be performed. Additional
supportive care in the form of intra-
venous fluids, replacement electro-
lytes, and gavage feedings may be
necessary to stabilize the infant’s con-
dition in the acute phase and obviate
the need for pharmacologic interven-
tion. When possible, and if not other-
wise contraindicated, mothers who
adhere to a supervised drug treat-
ment program should be encouraged
to breastfeed so long as the infant con-
tinues to gain weight. Breastfeeding or
the feeding of human milk has been
associated with less severe NAS that
presents later and less frequently re-
quires pharmacologic intervention.107,108

Methadone is present in very low con-
centrations in human milk. Cumula-
tive daily intake of methadone in fully
breastfed infants has been estimated
to range from 0.01 to 0.15 mg/day in
the first 30 days of life109 and 0.15 to
0.30 mg/day between 30 and 180 days
of age.110 Similarly, the amount of
buprenorphine excreted in human
milk is small. Although more informa-
tion is needed to evaluate long-term
neurodevelopmental outcome of in-
fants exposed to small quantities of

buprenorphine, there is no clear rea-
son to discourage breastfeeding in
mothers who adhere to methadone
or buprenorphine maintenance treat-
ment.111

Each nursery should adopt a protocol
for the evaluation and management of
neonatal withdrawal, and staff should
be trained in the correct use of an
abstinence assessment tool. In a re-
cent survey of accredited US neo-
natology fellowship programs, only
55% had implemented a written NAS
protocol, and only 69% used a pub-
lished abstinence scoring system.102

RATIONALE AND COMPARATIVE
EVIDENCE FOR PHARMACOLOGIC
TREATMENT

Drug therapy is indicated to relieve
moderate to severe signs of NAS and to
prevent complications such as fever,
weight loss, and seizures if an infant
does not respond to a committed
program of nonpharmacologic sup-
port. Since the introduction of the
abstinence scales in 1975, published
reports have documented that the
decision to initiate pharmacologic
treatment has been based on single or
serial withdrawal scores. However, no
studies to date have compared the use
of different withdrawal score thresh-
olds for initiating pharmacologic in-
tervention on short-term outcomes
(eg, severity and duration of with-
drawal signs, weight gain, duration of
hospitalization, need for pharmaco-
logic treatment, or cumulative drug
exposure). Withdrawal from opioids
or sedative-hypnotic drugs may be
life-threatening, but ultimately, drug
withdrawal is a self-limited process.
Unnecessary pharmacologic treatment
will prolong drug exposure and the
duration of hospitalization to the pos-
sible detriment of maternal-infant bond-
ing. The only clearly defined benefit of
pharmacologic treatment is the short-
term amelioration of clinical signs.

Studies have not addressed whether
long-term morbidity related to neona-
tal drug withdrawal is decreased by
pharmacologic management of affected
infants, or whether continued postnatal
drug exposure augments the risk of
neurobehavioral and other morbidities.
It is possible that pharmacologic ther-
apy of the infant may introduce or re-
inforce a maternal disposition to rely
on drugs for the treatment of infant
discomfort or annoying behavior.112

Clinicians have treated NAS with a va-
riety of drug preparations, including
opioids (tincture of opium, neonatal
morphine solution, methadone, and
paregoric), barbiturates (phenobar-
bital), benzodiazepines (diazepam,
lorazepam), clonidine, and phenothia-
zines (chlorpromazine). Information
pertinent to the use of these drug
preparations in infants is well sum-
marized in the previous American
Academy of Pediatrics statement.100

Recent surveys have documented that,
in accord with the recommendations
of that statement, 94% of UK and 83%
of US clinicians use an opioid (mor-
phine or methadone) as the drug of
first choice. The majority of practi-
tioners use phenobarbital as a second
drug if the opiate does not adequately
control withdrawal signs.102,113 Daily
doses of morphine ranged from 0.24
mg/kg per day to 1.3 mg/kg per day.113

Paregoric is no longer used, because
it contains variable concentrations of
other opioids, as well as toxic ingre-
dients such as camphor, anise oil, al-
cohol, and benzoic acid.100 The use of
diazepam has also fallen into disfavor
because of a documented lack of effi-
cacy compared with other agents and
because of its adverse effects on infant
suck and swallow reflexes.114–116

Meta-analyses of published trials re-
garding the pharmacologic treatment of
neonatal withdrawal are available.117,118

In 2 Cochrane meta-analyses, either an
opioid117 or a sedative118 drug treatment
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seizures in the opioid (paregoric)
treatment group.122 No consistent
trends in secondary outcomes were
observed, although 1 study reported
a shorter duration of therapy in the
phenobarbitone compared with the
paregoric treatment group,123 and
another made the opposite observa-
tion when the opioid used was oral
morphine.121 Three studies individually
and in combination reported signifi-
cantly lower rates of treatment failure
in infants assigned to opioid (pare-
goric or methadone) compared with
diazepam therapy8,114,120 but did not
define differences in secondary out-
comes. No studies reported mortality
or neurodevelopmental outcomes.

A second Cochrane review analyzed 6
trials involving 305 infants published
between 1969 and 2002 in which sed-
ative treatment of NAS was compared
with a nonopioid therapy. Methodologic
concerns were similar to the opioid
treatment trials. In the sole study of
phenobarbitone versus supportive care,
no difference in treatment failure was
found, but treatment significantly in-
creased the duration of therapy and
hospital stay.119 A small study that
allocated infants already treated with
diluted tincture of opium (DTO) to phe-
nobarbitone as a second drug versus
no additional treatment identified no
infants in either group with treatment
failure but observed significant reduc-
tions in the duration of hospitalization
(38 vs 79 days) and the maximal daily
dose of opioid in the phenobarbitone-
treated infants.124 Infants were dis-
charged from the hospital once they
were no longer taking opioids. How-
ever, the mean duration of phenobar-
bitone treatment was 3.5 months. Of
3 studies that compared phenobarbi-
tone and diazepam treatment, 1 found
a significantly lower rate of treat-
ment failure in the phenobarbitone
group.8,114,120 One study of phenobar-
bitone versus chlorpromazine125 found

no differences in primary or second-
ary outcomes.

Since 2004, a number of small studies
of varying methodologic quality have
compared pharmacologic treatments.
In a prospective randomized double-
masked study, Langenfeld et al126

could not identify differences in du-
ration of treatment, duration of hos-
pitalization, or in weight gain (g/day)
in infants treated with either DTO or
oral morphine drops. A retrospective
study found no difference in length of
hospitalization in infants with NAS
who were treated with methadone or
oral morphine solution, but did cor-
relate higher maternal methadone
doses with longer lengths of stay.127

Ebner et al128 examined the incidence
of NAS in infants born to mothers
maintained with methadone, morphine,
or buprenorphine and compared phe-
nobarbital and oral morphine treat-
ments in affected infants. Sixty-eight
percent of infants born to mothers
maintained on methadone required
pharmacologic treatment at a mean
age of 58 hours, compared with 82%
of infants at a mean age of 33 hours
in the morphine group and 21% of
infants at a mean age of 34 hours in
the buprenorphine group. The dura-
tion of treatment was significantly
shorter for infants who received mor-
phine compared with infants who were
treated with phenobarbital. A random-
ized comparison trial of sublingual
buprenorphine versus neonatal opium
solution for the treatment of NAS
showed a nonsignificant reduction in
length of treatment and duration of
hospitalization in the buprenorphine
group.129 Buprenorphine therapy was
well tolerated.

Clonidine is an α2-adrenergic receptor
agonist that has been used in combi-
nation with an opioid or other drug in
older children and adults to reduce
withdrawal symptoms.130,131 Via a neg-
ative feedback mechanism, clonidine

was compared with a control treatment 
that could include a nonpharmacologic 
intervention, a placebo treatment, or 
another opioid and/or sedative drug. 
The authors prospectively designated 
4 primary outcomes (failure of treatment 
to control withdrawal signs; incidence 
of seizures; survival; and neurodevel-
opmental outcome) for meta-analysis. 
Treatment failure was defined vari-
ously as the inability of the treatment 
to maintain abstinence scores within 
a preset “safe” level and/or the need 
to add another drug therapy. Some 
studies did not report primary out-
comes and instead quantified second-
ary outcomes (eg, duration of treatment, 
duration of hospitalization, rate of 
weight gain, etc).
Seven studies of opioid treatment that 
enrolled a total of 585 infants were 
identified between 1983 and 2004. 
Methodologic flaws were common and 
included quasirandom patient alloca-
tion; substantial and often unexplained 
differences in allocation of patients 
to treatment groups; imbalances in 
group characteristics after randomi-
zation; failure to mask study treat-
ments; and failure to mask outcome 
measurements. In the single study that 
assessed oral morphine treatment 
versus supportive therapy only, 3 con-
secutive Finnegan scores ≥8 promp-
ted institution of the intervention.119

No significant effect of morphine was 
found on the rate of treatment failure. 
Oral morphine significantly increased 
the duration of treatment and the 
length of hospital stay, but it did re-
duce the number of days required to 
regain birth weight and duration of 
supportive care. Four studies com-
pared treatment failures of opioids 
(paregoric, oral morphine, or metha-
done) with phenobarbitone.8,119–121

Neither the meta-analysis nor any in-
dividual study identified a significant 
difference in treatment failure. One 
study reported a lower incidence of
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reduces CNS sympathetic outflow and
palliates symptoms of autonomic over-
activity such as tachycardia, hyper-
tension, diaphoresis, restlessness, and
diarrhea. Cessation of clonidine treat-
ment can result in a rebound of auto-
nomic activity. Reported experience
with clonidine as a primary or ad-
junctive treatment of NAS is limited
but promising. In a small case series,
6 of 7 infants with NAS showed signif-
icant resolution of signs when treated
with oral clonidine.132 In a randomized
double-masked controlled trial, Agthe
et al133 compared the efficacy and
safety of treating NAS with DTO plus
oral clonidine (1 µg/kg every 3 hours)
versus DTO plus placebo in 80 infants
with prenatal exposure to methadone
and/or heroin. The combination ther-
apy significantly reduced the median
length of treatment of all infants and
for infants exposed to methadone,
but more infants in the DTO/clonidine
group required resumption of DTO
after initial discontinuation. The mean
total dose of morphine over the treat-
ment course was ∼60% lower in the
combination therapy group. No clini-
cally significant differences in feeding,
weight gain or loss, heart rate, or blood
pressure were observed. In another
case series, oral clonidine was ad-
ministered either as a primary or
adjunctive therapy for the prevention
or treatment of narcotic withdrawal
in infants on intravenous fentanyl or
infants with antenatal exposure to
opiates.134 In all cases, treatment was
successful and clonidine was discon-
tinued without sequelae after a mean
duration of 7 days. In a retrospective
case series, infants who had evidence
of NAS attributable to antenatal meth-
adone exposure had lower severity
scores and required fewer days of drug
therapy and hospitalization if they had
been treated with a combination of
clonidine and chloral hydrate rather
than a combination of morphine and
phenobarbital.135

A recently published case series from
France that used a historical cohort
for a comparison has suggested that
the treatment of NAS with the pheno-
thiazine, chlorpromazine, as a single
drug may be more effective than treat-
ment with morphine.136 Infants treated
with oral morphine had significantly
longer median durations of treatment
and hospitalization in comparison with
infants treated with chlorpromazine.
No adverse affects were reported.

OUTCOME

Assessment of potential long-term
morbidity specifically attributable to
neonatal drug withdrawal and its
treatment is difficult to evaluate. Few
studies have followed drug-exposed
children beyond the first few years
of life. Confounding variables, such as
environment and dysfunctional care-
givers, complicates the interpretation
of outcomes. In a small study, devel-
opmental scores on the mental index
on the Bayley Scales of Infant Devel-
opment were not affected by the se-
verity of withdrawal or the treatment
chosen.114 Mean scores on the Bayley
Scales of Infant Development were
similar for all infants treated for
withdrawal, including those receiving
phenobarbital, paregoric, or a combina-
tion therapy. Scores of infants whose
withdrawal was too mild to qualify for
pharmacologic intervention were also
similar.

Fourteen drug-exposed infants with
withdrawal-associated seizures were
reported by Doberczak et al.25 The
abstinence scores for 5 of these
infants were <7 (the cutoff for treat-
ment); hence, they received no phar-
macologic therapy before the onset of
seizures. Thirteen of the 14 infants
were offspring of mothers enrolled in
a methadone treatment program; how-
ever, the success of maternal treat-
ment was not described. Of the 14
infants with seizures, 12 were available

for evaluation at 1 year of age; results
of neurologic examinations were nor-
mal in 9 of the 12 infants evaluated.
EEG results were abnormal in 9 neo-
nates; however, subsequent EEGs for
7 of 8 of these infants normalized
during follow-up. Mean scores on the
Bayley Scales of Infant Development
were also normal by 1 year of age,
similar to matched controls that were
drug exposed, but in whom withdrawal-
associated seizures did not develop.24

Withdrawal-associated seizures seem
to be primarily myoclonic, to respond
to opiates, and to carry no increased
risk of poor outcome. Withdrawal-
associated seizures in neonates are
different from those associated with
other causes. Based on the depression
of norepinephrine and dopamine ob-
served with methadone exposure in an-
imal models, withdrawal seizures are
speculated to be attributable to low-
ered levels of neurotransmitters.137,138

The normalization of the EEG and nor-
mal neurologic development are be-
lieved to reflect recovery of normal
neurotransmitter concentrations dur-
ing early infancy. Bandstra et al139

have comprehensively reviewed out-
comes of infants and toddlers who
were exposed prenatally to opioids
and cocaine.

MANAGEMENT OF ACQUIRED
OPIOID AND BENZODIAZEPINE
DEPENDENCY

One of the cornerstones in caring for
critically ill children is to provide ad-
equate and safe analgesia, sedation,
amnesia, and anxiolysis by using both
pharmacologic and nonpharmacologic
measures. Pharmacologic treatment
typically includes medications in the
opioid and benzodiazepine drug clas-
ses. However, if these drugs cannot
safely be discontinued within a few
days, physical dependence on 1 or
both of these classes of medication
can develop and manifest with signs
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70% sensitivity and 78% specificity
and that an infusion duration ≥8 days
was 90% sensitive and 67% specific
for withdrawal. In adults, concomitant
treatment with neuromuscular para-
lytic agents or propofol for >24 hours
also increased the likelihood of with-
drawal.144 Signs and symptoms of with-
drawal from fentanyl commence within
24 hours of cessation of therapy.

The refinement of pain management in
children over the past 2 decades has
witnessed an expansion of the use of
opioids in the intensive care setting.
As a result, more children have been
treated for actual or potential with-
drawal symptoms as a comorbidity of
hospitalization. Fentanyl, a pure µ-opioid
receptor antagonist, has become the
opioid of choice because of its rapid
onset of action, short duration of ef-
fect (half-life of 0.5–1 hour), excellent
potency, and minimal acute adverse
effects. However, fentanyl has not been
demonstrated to be safer or more ef-
fective than morphine for the provision
of long-term analgesia. Indeed, 1 study
has reported that patients who were
treated prospectively with a continu-
ous morphine infusion during ECMO
experienced a significantly lower need
for supplemental analgesia, a lower
rate of dependency, and a shorter hos-
pital stay compared with a previous
group of patients treated with fentanyl
during ECMO.145

Practitioners have employed a variety
of strategies to treat or, in high-risk
patients, to prevent signs and symp-
toms of opioid withdrawal in infants
and children. Carr and Todres146

reported success with a gradual taper
of the opioid infusion rate. Children
who had received continuous opioid
infusions for more than a week re-
quired 2 to 3 weeks for complete
weaning. One disadvantage of this
approach was that intravenous access
had to be maintained for the entire
course of treatment. Tobias et al147

were among the first investigators to
describe treatment of opioid with-
drawal by conversion to enteral
methadone. Methadone was chosen
as the opioid of choice because of its
excellent oral bioavailability (70%–
100%) and long half-life (19–41
hours), which allowed for long inter-
vals between doses.148 In this initial
report, 3 symptomatic patients who
had been exposed to continuous or
bolus opioids for up to 7 weeks were
transitioned to a methadone regimen
of 0.1 mg/kg, orally, every 12 hours.
Dose reduction by 10% to 20% of the
initial dose per week resulted in suc-
cessful weaning in 4 to 6 weeks.

In 2000, Robertson and et al149 re-
ported the outcomes of 10 children
6 months to 18 years of age who had
received >7 days of opioids (range, 7–
53 days). An amount of methadone,
equipotent to the existing daily fen-
tanyl or morphine dose, was deter-
mined. This amount was reduced by
a factor of 6 because of the longer
half-life of methadone to calculate the
initial total daily methadone dose.
Protocols specified 2 different wean-
ing schedules, depending on whether
the patient had been treated with
opioids (fentanyl or morphine) for ei-
ther 7 to 14 days or for >14 days.
Treatment intervals were gradually
lengthened from every 6 hours to ev-
ery 24 hours when methadone was
discontinued. Outcomes of these pa-
tients were compared with recent
control patients who had also been
treated with enteral methadone but
not under a standard protocol. Among
the protocol patients, there were no
treatment failures. Weaning was ac-
complished in a median of 9 days
(range, 5–10 days), which was signif-
icantly less than the median of 20
days (range, 9–31 days) observed in
the nonprotocol children. Concurrent
use of benzodiazepines occurred in 6
of the protocol children, compared

and symptoms of withdrawal on acute 
dosage reduction or cessation of 
therapy. Infants who undergo complex 
surgery, who require prolonged med-
ical intensive care for conditions such 
as respiratory failure or persistent 
pulmonary hypertension, or who are 
supported with extracorporeal mem-
brane oxygenation (ECMO) therapy are 
among those at greatest risk of ac-
quired drug dependency.
Extended treatment with opioids via 
continuous intravenous infusion re-
sults in drug tolerance. Even short-
term opioid exposure alters the 
number and affinity of receptors in key 
neuronal centers so that an escala-
tion of the opioid infusion rate (which 
produces an increase in opioid plasma 
concentrations) becomes necessary to 
achieve the same physiologic effect.140

By itself, the development of tolerance 
does not predict physical dependency 
or withdrawal.141 Cumulative expo-

sure to fentanyl, quantified by the to-
tal dose in milligrams per kilogram or 
the number of consecutive days of 
treatment, correlated with the likeli-
hood of withdrawal.140,142,143 By using 
a multiple logistic regression analysis, 
Arnold et al140 found that the duration 
of ECMO therapy was an even more 
powerful predictor of withdrawal than 
was cumulative fentanyl exposure. 
Katz et al142 reported that among 23 
mechanically ventilated children aged 
1 week to 22 months (mean, 6 months) 
who were treated for >24 hours with 
a continuous fentanyl infusion, 13 of 
23 children (57%) developed withdrawal 
as defined by a Finnegan score ≥8. In 
this prospective study, a cumulative fen-
tanyl exposure in excess of 2.5 mg/kg 
or 9 days of therapy was 100% pre-
dictive of withdrawal. More recently, 
in a prospective study of 19 neonates 
treated with fentanyl for a minimum 
of 24 hours, Dominquez et al143 docu-
mented that a cumulative fentanyl dose 
≥415 µg/kg predicted withdrawal with
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with 3 of the nonprotocol group, so
that the decreased taper time on
protocol was unlikely to have been
confounded by other drug therapy.
Weaning and discontinuation from
benzodiazepines were successful dur-
ing the methadone taper in all pro-
tocol patients.

Meyer et al150 described a protocol for
rescue therapy in 29 patients 1 day to
20 years of age on admission who
developed withdrawal during the
course of nonstandardized tapers of
prolonged continuous fentanyl in-
fusion. Withdrawal was defined as the
observation of 3 consecutive Finnegan
scores ≥8 obtained at 2-hour inter-
vals. The daily fentanyl dose for the
period 24 to 48 hours before with-
drawal symptoms was used to calcu-
late an equipotent dose of morphine
sulfate. Morphine was administered
as a bolus dose every 4 hours and
titrated to effect (Finnegan score
consistently <8) over 12 to 24 hours.
An equipotent amount of methadone
was then determined by using the
effective morphine dose. Three load-
ing doses of methadone at 12-hour
intervals were administered. After-
ward, doses were given every 24
hours and weaned by 10% per day.
Ten patients were receiving concomi-
tant treatment with a benzodiazepine
or chloral hydrate, but these medi-
cations were not weaned during the
methadone taper. Twenty-five of 29
patients successfully completed this
taper over 10 days. Three patients
required 21 days, and 1 patient died of
sepsis. Sixteen of the patients were
discharged from the hospital and
completed methadone tapers on an
outpatient basis. Nine of the patients
had been started on clonidine during
the phase of nonstandardized opioid
weaning in unsuccessful attempts to
prevent withdrawal. A subsequent ran-
domized double-blind follow-up study
by the same group of investigators151

found that in a group of 37 fentanyl-
treated patients, a 5-day methadone
taper was as successful as the longer
10-day course (13 of 16 vs 17 of 21
[not significant]) in discontinuing opi-
oid infusions without causing with-
drawal. In contrast to their previous
study, a standardized taper of lor-
azepam was allowed in 17 of the 37
patients while on the methadone
protocol. Only 1 of these 17 patients
who underwent dual tapers required
rescue treatment with an increased
dose of opioids.

Several factors potentially complicate
the adoption of the protocols reported
by Robertson, Meyer, and Berens (see
Table 4) into routine neonatal clinical
practices. Most obvious is that these
studies were conducted in a PICU
setting; few neonates were included,
and their outcomes were not sepa-
rately analyzed. Other investigators
have emphasized that the Finnegan
instrument common to all 3 studies
has been validated only in term in-
fants undergoing withdrawal secondary
to in utero opioid exposure.152,153

Therefore, the use of this tool may
have underestimated withdrawal symp-
tomatology in an older pediatric pop-
ulation. A third concern is that opioids
and benzodiazepines are often used
concurrently in the same patient, yet
symptoms of opioid and benzodiaze-
pine withdrawal overlap to a great ex-
tent. Hence, current instruments will
not reliably differentiate whether with-
drawal symptoms stem from relative
opioid or benzodiazepine abstinence.153

Other scales have been proposed for
children and are in various stages of
evaluation, including the Opioid and
Benzodiazepine Withdrawal Scale,151

the Sedation Withdrawal Score,154 and
the Sophia Benzodiazepine and Opioid
Withdrawal Checklist.155

At this time, no optimal pharmacologic
regimen for the prevention or treat-
ment of acquired opioid and/or

benzodiazepine dependency can be
recommended, because the necessary
comparative studies of safety and ef-
ficacy are not available.156 Hence, it is
even more incumbent on the practi-
tioner to prescribe pharmacologic
interventions with the goal of achiev-
ing the desired therapeutic effect by
using the fewest drugs at the lowest
doses and for the shortest durations
possible.

Nonetheless, because many critically
ill infants and children do receive treat-
ment with prolonged courses of opioids
and benzodiazepines, the following
practices are reasonable based on the
available evidence:

1. Each clinical unit can establish
a threshold level of cumulative
exposure to opioids and benzodia-
zepines above which drug depen-
dency can be expected to occur
with a likelihood that justifies an-
ticipatory initiation of a weaning
protocol. For example, setting a
threshold at a cumulative fentanyl
exposure of >2 mg/kg or >7 days’
duration would predict a likeli-
hood of dependency >50% but
<100%.141,142

2. Infants with a cumulative exposure
to opioids or benzodiazepines be-
low the thresholds for initiation of
weaning protocols can undergo
a rapid taper of these medications
over a 24- to 48-hour period. Many
such children will not subsequently
exhibit drug dependency.

3. Signs and symptoms of withdrawal
will develop within 24 hours of dis-
continuation or during the course
of a rapid taper of an opioid. If this
occurs, 1 of the rescue approaches
in Table 4 can be chosen as a guide
to facilitate conversion to enteral
methadone management and to
initiate a weaning strategy, with 2
caveats. Infants on very high daily
doses of continuous intravenous
opioid may require less than the
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TABLE 4 Weaning Protocols by Using Conversion of Continuous Opioid Infusions to Enteral Methadone and for Conversion of Midazolam (Versed)
Infusion to Enteral Lorazepam (Ativan)

Robertson et al149

Conversion of continuous intravenous fentanyl of 7–14 d duration to enteral methadone:
1. By using the current hourly infusion rate, calculate the 24-h fentanyl dose.
2. Multiply the daily fentanyl dose by a factor of 100 to calculate the equipotent amount of methadone (ratio of potencies assumed to be fentanyl: methadone =

100:1).
3. Divide this amount of methadone by 6 (a correction for the longer half-life of methadone) to calculate an initial total daily dose of methadone, and on day 1

provide this amount orally in 4 divided doses every 6 h for 24 h.
4. Day 2: Provide 80% of original daily dose in 3 divided oral doses every 8 h for 24 h.
5. Day 3: Provide 60% of original daily dose in 3 divided oral doses every 8 h for 24 h.
6. Day 4: Provide 40% of original daily dose in 2 divided oral doses every 12 h for 24 h.
7. Day 5: Provide 20% of original daily dose × 1.
8. Day 6: Discontinue methadone.

Conversion of continuous intravenous fentanyl greater than 14 d duration to enteral methadone:
1. Repeat steps 1–2 above.
2. Days 1–2: Divide the dose of methadone by 6 (a correction for the longer half-life of methadone) and on day 1 provide this amount orally in 4 divided doses

every 6 h for 48 h.
3. Days 3–4: Provide 80% of original daily dose in 3 divided oral doses every 8 h for 48 h.
4. Days 5–6: Provide 60% of original daily dose in 3 divided oral doses every 8 h for 48 h.
5. Days 7–8: Provide 40% of original daily dose in 2 divided oral doses every 12 h for 48 h.
6. Days 9–10: Provide 20% of original daily dose once per day for 48 h.
7. Day 11: Discontinue methadone.

For patients on continuous intravenous morphine, proceed as above but do not multiply the daily fentanyl dose by 100, because morphine and methadone are
nearly equipotent.

Meyer and Berens150

Conversion of continuous intravenous fentanyl to intermittent intravenous morphine:
1. By using the target hourly infusion rate of fentanyl, calculate the 24-h fentanyl dose.
2. Multiply the daily fentanyl dose by a factor of 60 to calculate the equipotent dose of morphine (ratio of potencies assumed to be fentanyl: morphine = 60:1).
3. Divide the dose of morphine by 4 (correcting for the longer half-life of morphine) and on day 1 administer this amount intravenously in 6 divided doses every

4 h.
4. Titrate the morphine dose for adequate effect over 12 to 24 h.

Conversion of intermittent intravenous morphine to enteral methadone:
1. Multiply the dose of morphine given every 4 h by 2 (ratio of potencies assumed to be morphine: methadone = 2:1) to determine an equipotent amount of

methadone.
2. Provide this amount of methadone as an oral dose every 12 h for 3 doses.
3. Double this amount of methadone and provide as a single oral dose per day at bedtime.
4. Provide 90% of the initial dose on day 2, 80% on day 3, etc, so that the last dose of methadone (10% of the original dose) is given on day 10.

Protocols at Wolfson Children’s Hospital, Jacksonville, Florida

Conversion of continuous intravenous fentanyl >7 d duration to enteral methadone:
1. By using the current hourly infusion rate, calculate the 24-h fentanyl dose.
2. Multiply the daily fentanyl dose by a factor of 100 to calculate the equipotent amount of methadone (ratio of potencies assumed to be fentanyl: methadone =

100:1).
3. Divide this amount of methadone by 8–12 (a correction for the longer half-life of methadone) to calculate an initial total daily dose of methadone (not to

exceed 40 mg/day).
4. Days 1–2: Provide the total daily dose of methadone orally in 4 divided doses every 6 h for 48 h. At the time of the second methadone dose, reduce the fentanyl

infusion rate to 50%; at the time of the third dose, reduce the fentanyl infusion rate to 25%; and after the fourth methadone dose, discontinue the fentanyl
infusion.

5. Days 3–4: Provide 80% of original daily dose in 3 divided oral doses every 8 h for 48 h.
6. Days 5–6: Provide 60% of original daily dose in 3 divided oral doses every 8 h for 48 h.
7. Days 7–8: Provide 40% of original daily dose in 2 divided oral doses every 12 h for 48 h.
8. Days 9–10: Provide 20% of original daily dose once per day for 48 h.
9. Day 11: Discontinue methadone.

Conversion of continuous intravenous midazolam >7 d duration to enteral lorazepam:
1. By using the current hourly infusion rate, calculate the 24-h midazolam dose.
2. Because lorazepam is twice as potent as midazolam and has a sixfold longer half-life, divide the 24 h midazolam dose by 12 to determine the daily lorazepam

dose.
3. Divide the calculated lorazepam dose by 4 and initiate every 6 h oral treatments with the intravenous product or an aliquot of a crushed tablet.
4. Wean lorazepam by 10% to 20% per day. The dosage interval can also be increased gradually to every 8 h, then every 12 h, then every 24 h, and then every

other day before lorazepam is discontinued.
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calculated methadone equivalent
to achieve a successful conversion.
Also, the rate of weaning should be
adjusted on the basis of careful con-
tinuing clinical assessment. Eighty
percent of children can be success-
fully weaned from methadone com-
pletely within 5 to 10 days.

4. Signs and symptoms of withdrawal
from benzodiazepine therapy can
be delayed. Intravenous benzodia-
zepines can be converted to oral
lorazepam (Table 4). The required
time for weaning can be expected
to be proportional to the dura-
tion of intravenous benzodiazepine
treatment.

5. Infants and children at risk for
withdrawal are prudently observed
in the hospital for signs and symp-
toms. Each clinical unit can choose
1 assessment tool and train staff to
minimize individual variability in
scoring.

6. Discharge from the hospital for
infants and very young children is
prudently delayed until they are
free of withdrawal signs and symp-
toms for a period of 24 to 48 hours
after complete cessation of opioids.
Earlier discharge of an older child
can be individualized in consider-
ation of the child’s overall clinical
status, the home environment, and
the availability of adequate and
prompt follow-up.

7. No clinical studies to date support
the premise that initiation of cloni-
dine, chloral hydrate, or continuous

intravenous low-dose naloxone157,158

during the course of continuous
opioid infusions will reduce the
likelihood or severity of opioid
dependency.

CLINICAL HIGHLIGHTS

1) Each nursery that cares for
infants with neonatal withdrawal
should develop a protocol that
defines indications and proce-
dures for screening for maternal
substance abuse. In addition, each
nursery should develop and ad-
here to a standardized plan for
the evaluation and comprehensive
treatment of infants at risk for or
showing signs of withdrawal.

2) Screening for maternal substance
abuse is best accomplished by us-
ing multiple methods, including
maternal history, maternal urine
testing, and testing of newborn
urine and/or meconium speci-
mens that are in compliance with
local laws. The screening of bio-
logical samples is an adjunct to
provide additional information
helpful in the ongoing medical
care of the infant. The duration
of urinary excretion of most drugs
is relatively short, and maternal
or neonatal urinary screening only
addresses drug exposure in the
hours immediately before urine
collection. Thus, false-negative urine
results may occur in the pres-
ence of significant intrauterine

drug exposure. Although new-
born meconium screening also
may yield false-negative results,
the likelihood is lower than with
urinary screening. The more recent
availability of testing of umbilical
cord samples may be considered
a viable screening tool, because it
appears to reflect in utero expo-
sures comparable to meconium
screening.

3) Drug withdrawal should be consid-
ered in the differential diagnosis
for infants in whom compatible
signs develop. Physicians should
be aware of other potential diag-
noses that need to be evaluated
and, if confirmed, treated appro-
priately.

4) Nonpharmacologic supportive
measures that include minimiz-
ing environmental stimuli, pro-
moting adequate rest and sleep,
and providing sufficient caloric
intake to establish weight gain
should constitute the initial ap-
proach to therapy.

5) Signs of drug withdrawal can be
scored by using a published ab-
stinence assessment tool. Infants
with confirmed drug exposure who
are unaffected or demonstrating
minimal signs of withdrawal do
not require pharmacologic ther-
apy. Caution should be exercised
before instituting pharmacologic
therapy that could lengthen the
duration of hospitalization and inter-
fere with maternal-infant bonding.

TABLE 4 Continued

Robertson et al149

Summary of Conversion Of Intravenous Opioids to Enteral Methadone

1. Tobias et al147: Converted 2 patients on morphine (0.1–0.15 mg/kg q3h) and 1 patient on fentanyl (1–2 µg/kg every 1–2 h) to methadone at a starting dose of
0.2 mg/kg per day.

2. Robertson et al149: 1 µg/kg per h fentanyl = 0.4 mg/kg per day methadone.
3. Meyer and Berens150: 1 µg/kg per h fentanyl = 0.24 mg/kg per day methadone.
4. Wolfson Children’s Hospital: 1 µg/kg per h fentanyl = 0.2–0.3 mg/kg per day methadone.
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Together with individualized clini-
cal assessment, the serial and
accurate use of a withdrawal as-
sessment tool may facilitate a de-
cision about the institution of
pharmacologic therapy and there-
after can provide a quantitative
measurement that can be used
to adjust drug dosing.

6) The optimal threshold score for
the institution of pharmacologic
therapy by using any of the pub-
lished abstinence assessment in-
struments is unknown.

7) Breastfeeding and the provision
of expressed human milk should
be encouraged if not contraindi-
cated for other reasons.111,159

8) Pharmacologic therapy for
withdrawal-associated seizures
is indicated. Other causes of neo-
natal seizures must also be eval-
uated.

9) Vomiting, diarrhea, or both asso-
ciated with dehydration and poor
weight gain in the absence of
other diagnoses are relative indi-
cations for treatment, even in the
absence of high total withdrawal
scores.

10) The limited available evidence
from controlled trials of neonatal
opioid withdrawal supports the
use of oral morphine solution
and methadone when pharmaco-
logic treatment is indicated.
Growing evidence suggests that
oral clonidine is also effective ei-
ther as a primary or adjunctive
therapy, but further prospective
trials are warranted. Dosing regi-
mens are listed in Table 5. With
respect to other drug treatments

and clinical situations, a number
of important caveats apply. Treat-
ment with paregoric is contrain-
dicated, because this preparation
contains multiple opiates in addi-
tion to morphine, as well as other
potentially harmful compounds
(alcohol, anise). Morphine pre-
scriptions should be written as
milligrams of morphine per kilo-
gram and not as milliliters of DTO
per kilogram. Tincture of opium
contains a 25-fold higher concen-
tration of morphine than do avail-
able oral morphine solutions;
hence, it increases the likelihood
of drug error and morphine over-
dose. The relative efficacy and
safety of buprenorphine for the
treatment of NAS require addi-
tional comparative study. The op-
timal pharmacologic treatment of
infants who are withdrawing
from sedatives or hypnotics is un-
known. Finally, there is also insuf-
ficient evidence to state whether
an infant born to a mother with
multiple drug abuse who meets
criteria for pharmacologic ther-
apy of withdrawal signs is best
treated with an opioid, a barbitu-
rate, a medication from another
drug class, or a combination of
drugs from different classes.

11) Physicians need to be aware that
the severity of withdrawal signs,
including seizures, has not been
proven to be associated with dif-
ferences in long-term outcome af-
ter intrauterine drug exposure.
Furthermore, treatment of drug
withdrawal may not alter the
long-term outcome.

12) Given the natural history of with-
drawal, it is reasonable for neo-
nates with known antenatal
exposure to opioids and benzo-
diazepines to be observed in the
hospital for 4 to 7 days. After
discharge, outpatient follow-up
should occur early and include
reinforcement of the education of
the caregiver about the risk of
late withdrawal signs.

13) Neonates cared for in ICUs who
have developed tolerance to opioids
and benzodiazepines as a result
of an extended duration of treat-
ment can be converted to an
equivalent regimen of oral meth-
adone and lorazepam. Doses may
be increased as necessary to
achieve patient comfort. Thesemed-
ications can then be reduced by
10% to 20% of the initial dose every
1 to 2 days on the basis of clinical
response and serial assessments
by using a standardized neonatal
abstinence instrument.

14) Significant gaps in knowledge
concerning the optimal treatment
strategy (including the criteria
for instituting pharmacologic ther-
apy, the drug of first choice, and
the strategy for weaning) of infants
with neonatal withdrawal should
be addressed in well-designed
randomized controlled studies
that are adequately powered to
assess short-term outcomes and
to provide for long-term follow-up.
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TABLE 5 Drugs Used in the Treatment of Neonatal Narcotic Withdrawal

Drug Initial Dose Increment Maximum Dose Ref. No.

Oral morphine 0.04 mg/kg every 3–4 h 0.04 mg/kg per dose 0.2 mg/kg per dose 119,121,126,133
Oral methadone 0.05–0.1 mg/kg every 6 h 0.05 mg/kg per dose To effect 127
Oral clonidine 0.5–1 µg/kg every 3–6 h Not studied 1 µg/kg every 3 h 132–135
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abstractDespite a large body of basic science and clinical research and clinical 
experience with thousands of infants over nearly 6 decades,1 there is 
still uncertainty and controversy about the signifi cance, evaluation, and 
management of patent ductus arteriosus in preterm infants, resulting in 
substantial heterogeneity in clinical practice. The purpose of this clinical 
report is to summarize the evidence available to guide evaluation and 
treatment of preterm infants with prolonged ductal patency in the fi rst few 
weeks after birth.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

CLINICAL EPIDEMIOLOGY AND NATURAL HISTORY OF PATENT DUCTUS 
ARTERIOSUS

In term infants, the ductus arteriosus normally constricts after birth 
and becomes functionally closed by 72 hours of age.2 In preterm 
infants, however, closure is delayed, remaining open at 4 days of age in 
approximately 10% of infants born at 30 through 37 weeks’ gestation, 
80% of those born at 25 through 28 weeks’ gestation, and 90% of those 
born at 24 weeks’ gestation.3 By day 7 after birth, those rates decline 
to approximately 2%, 65%, and 87%, respectively. The ductus is likely 
to close without treatment in infants born at >28 weeks’ gestation 
(73%),4 in those with birth weight >1000 g (94%),5 and in infants born 
at 26 through 29 weeks’ gestation who do not have respiratory distress 
syndrome (93%).6 Rates of later spontaneous ductal closure among 
smaller, less mature infants with respiratory distress syndrome are not 
known because of widespread use of treatments to achieve closure of the 
patent ductus arteriosus (PDA) in such infants. Data from placebo arms 
of controlled trials demonstrate that spontaneous ductal closure in these 
infants is frequent, however. In the Trial of Indomethacin Prophylaxis 
in Preterms, for example, which included infants with birth weight from 
500 to 999 g, 50% of placebo recipients never developed clinical signs of 
a PDA.7 In a trial of early versus late indomethacin treatment of infants 
born at 26 through 31 weeks’ gestation in whom PDA was confirmed by 
echocardiography on day 3, the ductus closed spontaneously by 9 days of 
age in 78% of those randomized to late intervention.8
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Patent Ductus Arteriosus in Preterm Infants. Pediatrics. 
2016;137(1):e20153730
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While the ductus remains open, blood 
typically flows left-to-right from the 
aorta into the pulmonary arteries. 
As pulmonary vascular resistance 
declines over the first several 
days after birth, the proportion of 
aortic blood flow that is diverted 
into the pulmonary circulation 
correspondingly increases. This 
“ductal steal” results in excessive 
blood flow through the lungs, 
predisposing to development of 
pulmonary congestion, pulmonary 
edema, and worsening respiratory 
failure. Diversion of blood flow 
from the systemic circulation may 
exceed capabilities for compensatory 
increases in total cardiac output, 
resulting in compromised perfusion 
of vital organs, including bowel, 
kidney, and brain. Prolonged 
patency is associated with 
numerous adverse outcomes, 
including prolongation of assisted 
ventilation and higher rates of death, 
bronchopulmonary dysplasia (BPD), 
pulmonary hemorrhage, necrotizing 
enterocolitis, impaired renal function, 
intraventricular hemorrhage (IVH), 
periventricular leukomalacia, 
and cerebral palsy.9 The extent to 
which these adverse outcomes are 
attributable to the hemodynamic 
consequences of ductal patency, if 
at all, has not been established. The 
strength of these associations led to 
the hypothesis that intervention to 
close the ductus might prevent or 
reduce the severity of these common 
complications of prematurity. The 
expectation that this hypothesis 
would be confirmed, in turn, 
resulted in widespread adoption of 
interventions designed to achieve 
early closure of the ductus in preterm 
infants.

ASSESSMENT OF HEMODYNAMIC 
SIGNIFICANCE

The hemodynamic effects of a large 
left-to-right shunt associated with 
a PDA may be evident by physical 
examination, echocardiography, or 
measurement of serum biomarkers. 

In addition to the presence of a 
classic coarse systolic murmur at the 
left sternal border, affected infants 
may have an increased precordial 
impulse, prominent or bounding 
arterial pulses, palpable pulses in the 
palms of the hands, and either low 
systolic and diastolic blood pressure 
or low diastolic blood pressure 
with a widened pulse pressure. 
Nevertheless, these findings are 
nonspecific, do not correlate well 
with echocardiographic findings,10 
and have not been shown to reliably 
predict responses to treatment or 
sequelae. In many instances, the 
presence of a large ductal shunt 
is suspected only on the basis 
of respiratory findings, such as 
radiographic signs of pulmonary 
congestion, increasing requirements 
for supplemental oxygen, or inability 
to reduce mechanical ventilator 
support. The presence of a PDA is 
most definitively demonstrated by 
color Doppler echocardiography, 
which permits confirmation of ductal 
patency, measurement of ductal 
dimensions, and assessment of the 
direction and velocity of ductal blood 
flow throughout the cardiac cycle. 
Substantial ductal shunting may be 
associated with an increased ratio of 
left atrial to aortic root dimensions 
≥1.5:1, ductal diameter ≥1.5 mm,
left ventricular volume and pressure 
loading, and reversal of diastolic 
flow in the descending aorta or 
in cerebral or renal arteries.11,12 
Serum concentrations of natriuretic 
peptides (BNP or N-terminal of the 
prohormone BNP) are elevated 
in preterm infants with PDA,13,14 
correlate with echocardiographic 
measures of shunt volume,14–16 and 
decrease after ductal closure.14,16 
Concentrations of troponin T at 48 
hours of age are higher in infants 
with PDA.17

The term “hemodynamically 
significant” is frequently used to 
differentiate consequential from 
inconsequential PDA. Neither the 
best tool nor the optimal thresholds 

for identification of infants at greatest 
risk for adverse sequelae have been 
delineated. The predictive values 
of individual echocardiographic 
measurements are low, but some 
progress has been made toward 
correlation of composite scores 
with risks of adverse long-term 
outcome, including BPD18 or 
neurodevelopmental outcome 
at 2 years of age.12 Exploratory 
studies suggest that elevated 
concentrations of either N-terminal 
of the prohormone BNP or troponin 
T at 48 hours of age may help 
predict death or severe IVH19 as 
well as neurodevelopment at 2 
years of age.12 The presence of a 
“hemodynamically significant” PDA 
has been correlated with lower 
regional cerebral oxygen saturation 
and higher fractional oxygen 
extraction20 and with reduced 
celiac artery flow,21 supporting 
the hypothesis that prolonged 
ductal patency may have a causal 
role in substantial and enduring 
adverse outcomes. Development 
of an integrated definition of 
“hemodynamic significance” of PDA 
will be essential to risk stratification 
for clinical trials of PDA treatment, 
but this goal remains elusive.

EVIDENCE FOR BENEFITS OF 
TREATMENT

Since the early reports of feasibility 
of surgical closure22 and efficacy 
of nonsteroidal antiinflammatory 
drugs for medical treatment23,24 of 
PDA, results have been reported 
for 50 randomized controlled trials 
enrolling 4878 preterm infants.9,25 
Although medical and surgical 
treatments are efficacious in closing 
the PDA in a large proportion of 
infants, neither individual clinical 
trials nor meta-analyses have 
demonstrated that closing the 
ductus results in improved long-
term outcomes. Odds ratios for 
the most important outcomes 
(BPD, necrotizing enterocolitis, 
neurosensory impairment, death, 
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the combined outcomes of death 
or BPD and death or neurosensory 
impairment) indicate that early, 
routine treatment has no effect, with 
narrow confidence intervals, so it is 
unlikely that substantial differences 
have gone undetected.9 When given 
as prophylaxis for IVH beginning 
within 12 hours of birth, treatment 
with indomethacin reduces rates 
of IVH, IVH greater than grade 
II, and early, severe pulmonary 
hemorrhage but does not improve 
long-term neurodevelopmental or 
respiratory outcomes.7,26–28 The 
early neuroprotective effects of 
indomethacin may not depend on 
effects on ductal patency and are 
not replicated with similar use 
of ibuprofen.29 In all published 
trials of prophylaxis or treatment, 
interventions were initiated within 
2 weeks after birth for almost all 
subjects in the treatment arms, and 
later backup treatment to achieve 
ductal closure was common among 
control subjects.30,31 The available 
evidence is therefore insufficient 
to permit assessment of potential 
benefits of treatments initiated after 
2 weeks of age. The cumulative 
evidence supports the conclusion 
that early (in the first 2 weeks after 
birth), routine (as prophylaxis or 
for infants with echocardiographic 
confirmation of ductal patency with 
or without clinical signs) treatment 
to close the ductus arteriosus does 
not improve long-term outcomes for 
preterm infants. There is insufficient 
evidence to determine whether 
there are preterm infants who 
might benefit from early treatment 
or that later treatment has no 
potential benefit. These data also 
cannot be extrapolated to novel 
treatments (such as acetaminophen, 
recently reported to promote ductal 
closure32,33) because the balance 
between beneficial and adverse 
effects of new treatments may differ 
substantially from that for previously 
studied treatments.

Although surgical ligation is effective 
for achievement of rapid, complete 
ductal closure, it is often followed by 
severe hemodynamic and respiratory 
collapse, requiring marked 
escalation in supportive intensive 
care.34 The risk of this complication 
appears to decline substantially 
over the first 6 weeks after birth.35 
Long-term complications of 
surgical ligation include paresis 
of the left vocal cord36,37 or 
diaphragm,38 chylothorax,38–40 
and scoliosis,41,42 and infants 
who undergo surgical ligation are 
more likely to develop BPD,43–45 
retinopathy of prematurity,45 and 
neurodevelopmental impairment.45,46 
Treatment with cyclooxygenase 
inhibitors may lead to impaired renal 
function,47 intestinal perforation,48,49 
and altered cerebrovascular 
regulation.50 In contrast to 
prophylactic use, treatment of 
confirmed PDA with indomethacin 
is associated with an increased risk 
of IVH.9 Treatment to close a patent 
ductus may therefore not be entirely 
benign.

Clinical experience with less 
aggressive strategies for PDA 
management suggests that a more 
permissive approach does not 
result in worse outcomes. Strategies 
avoiding use of indomethacin 
or ibuprofen yield outcomes 
comparable to contemporaneous 
external benchmarks.51,52 Less 
frequent use of surgical ligation 
in infants with PDA after failure 
of indomethacin prophylaxis was 
associated with a lower rate of 
necrotizing enterocolitis and no 
increase in rates of other adverse 
outcomes.53 Reduced use of 
indomethacin and ligation at 1 center 
was associated with an increased 
rate of the combined outcome of 
death or chronic lung disease but 
no increase in rates of individual 
morbidities or mortality.54 These 
experiences indicate that longer 
periods of exposure to left-to-right 
ductal shunting may not result in 

significantly compromised outcomes, 
supporting equipoise regarding 
enrollment of preterm infants into 
randomized trials designed to assess 
treatment strategies for preterm 
infants with PDA.

CLINICAL TRIAL OPPORTUNITIES

As previously noted, evidence-
based abandonment of early 
routine treatment to close the PDA 
does not preclude other options 
for management of infants with 
this condition. First, deciding not 
to intervene routinely to achieve 
earlier closure of the ductus should 
not imply that consequences of 
ductal patency can be completely 
ignored.55 Although many strategies 
for management of the consequences 
of PDA have been proposed, none 
have been subjected to systematic 
evaluation in clinical trials, which 
are urgently needed to guide 
management of these infants. 
Studies of interventions designed 
to limit excessive pulmonary 
blood flow (red cell transfusion, 
increased positive airway pressure, 
correction of alkalosis, avoidance 
of pulmonary vasodilators such as 
oxygen or nitric oxide), to increase 
systemic cardiac output (dopamine, 
captopril, avoidance of hypovolemia), 
to ameliorate pulmonary edema 
(fluid restriction, diuretics, 
correction of hypoproteinemia), or 
to minimize confounding insults 
(nephrotoxic drugs, systemic 
infection/inflammation, hypoxemia, 
hypocarbia) may be appropriate. 
Second, early identification of a 
subset of infants with PDA who are 
at particular risk on the basis of 
echocardiographic, serum biomarker, 
or hemodynamic monitoring (such 
as measurement of cerebral oxygen 
saturation or fractional oxygen 
extraction) may allow more selective 
treatment in the first 2 weeks after 
birth. Because few extremely preterm 
infants (those born at ≤25 weeks,
for example) were included in extant 
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trials, they may constitute a high-risk 
group with potential benefit from 
early, universal treatment. Similarly, 
criteria for intervention after the 
second postnatal week need to be 
developed. Although early experience 
suggested that infants more than 
10 to 14 days of age are unlikely to 
respond to medical treatment with 
ductal closure,56,57 other analyses 
have suggested that postmenstrual, 
not postnatal, age is the critical 
determinant, with efficacy declining 
sharply after approximately 33 to 
34 weeks’ postmenstrual age.58,59 
Therefore, selective treatment of 
infants born at or before 28 weeks’ 
gestation, who are at highest risk 
of PDA, may remain an option well 
beyond 2 weeks’ postnatal age. 
Deferral of treatment may allow 
avoidance of treatment of those in 
whom spontaneous closure occurs 
without seriously compromising 
the potential efficacy of medical 
treatment. Delaying ligation may 
have similar advantages, avoiding 
surgery in many infants in whom the 
ductus closes without treatment and 
reducing the risk of postoperative 
hemodynamic compromise in those 
who do require surgery, particularly 
if surgery can be deferred until after 
30 days of age.

Additional research is needed to 
address 2 broad questions related to 
prolonged ductal patency in preterm 
infants. First, the relationship 
between measures of hemodynamic 
significance and increased risks for 
both prolonged patency and adverse 
clinical outcomes, such as chronic 
lung disease or neurodevelopmental 
impairment, needs to be 
established. Preliminary work using 
echocardiographic scores and serum 
biomarkers, described previously, 
provides a promising foundation for 
these studies. That information is 
extremely important for selection of 
appropriate subjects for enrollment 
in intervention trials. Second, well-
designed and meticulously executed 
intervention trials, for which the 

end points are clinically important 
long-term outcomes and not simply 
rates of ductal closure or measures 
of short-term physiologic changes, 
are essential. In these trials, both 
treatment arms must be explicitly 
defined so that the superior strategy 
can be replicated in clinical practice 
and evaluated against alternatives 
in future trials. If it is not feasible 
to forgo use of rescue treatment 
in the control (placebo or late-
treatment) arm, strict criteria for 
both a required time interval and 
diagnostic thresholds for such 
treatment are desirable. Without 
clear demonstration that adverse 
outcomes can be averted by medical 
or surgical closure of the ductus, 
the hypothesis that ductal patency 
is causal with respect to those 
outcomes remains unproven.

CONCLUSIONS

A large body of evidence now exists 
demonstrating that early, routine 
treatment to induce closure of the 
ductus in preterm infants, either 
medically or surgically, in the 
first 2 weeks after birth does not 
improve long-term outcomes (level 
of evidence: 1A60). The role of more 
selective use of medical methods for 
induction of ductal closure, either 
for defined high-risk infants in the 
first 2 postnatal weeks, or more 
generally, for older infants in whom 
the ductus remains patent, remains 
uncertain and requires further study. 
Prophylactic use of indomethacin 
may be appropriate in settings where 
rates of IVH are high or if early, 
severe pulmonary hemorrhage is 
common, but may not be justified 
by expected effects on PDA or by 
an expectation of better long-term 
outcomes. There is a lack of evidence 
to guide management of PDA, 
necessitating equipoise regarding 
treatment options and support for 
parents to permit enrollment of their 
infants in trials that can expand the 
available body of evidence.
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Phototherapy to Prevent Severe Neonatal
Hyperbilirubinemia in the Newborn Infant 35 or More
Weeks of Gestation

abstract
OBJECTIVE: To standardize the use of phototherapy consistent with
the American Academy of Pediatrics clinical practice guideline for the
management of hyperbilirubinemia in the newborn infant 35 or more
weeks of gestation.

METHODS: Relevant literature was reviewed. Phototherapy devices
currently marketed in the United States that incorporate fluorescent,
halogen, fiber-optic, or blue light-emitting diode light sources were
assessed in the laboratory.

RESULTS: The efficacy of phototherapy units varies widely because of
differences in light source and configuration. The following character-
istics of a device contribute to its effectiveness: (1) emission of light in
the blue-to-green range that overlaps the in vivo plasma bilirubin ab-
sorption spectrum (�460–490 nm); (2) irradiance of at least 30
�W·cm�2·nm�1 (confirmed with an appropriate irradiance meter cal-
ibrated over the appropriate wavelength range); (3) illumination of
maximal body surface; and (4) demonstration of a decrease in total
bilirubin concentrations during the first 4 to 6 hours of exposure.

RECOMMENDATIONS (SEE APPENDIX FOR GRADING DEFINITION): The
intensity and spectral output of phototherapy devices is useful in pre-
dicting potential effectiveness in treating hyperbilirubinemia (group B
recommendation). Clinical effectiveness should be evaluated before
and monitored during use (group B recommendation). Blocking the
light source or reducing exposed body surface should be avoided
(group B recommendation). Standardization of irradiance meters, im-
provements in device design, and lower-upper limits of light intensity
for phototherapy units merit further study. Comparing the in vivo per-
formance of devices is not practical, in general, and alternative proce-
dures need to be explored. Pediatrics 2011;128:e1046–e1052
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INTRODUCTION
Clinical trials have validated the effi-
cacy of phototherapy in reducing ex-
cessive unconjugated hyperbiliru-
binemia, and its implementation has
drastically curtailed the use of ex-
change transfusions.1 The initiation
and duration of phototherapy is de-
fined by a specific range of total bili-
rubin values based on an infant’s
postnatal age and the potential risk
for bilirubin neurotoxicity.1 Clinical
response to phototherapy depends
on the efficacy of the phototherapy
device as well as the balance be-
tween an infant’s rates of bilirubin
production and elimination. The ac-
tive agent in phototherapy is light de-
livered in measurable doses, which
makes phototherapy conceptually
similar to pharmacotherapy. This re-
port standardizes the use of photo-
therapy consistent with the Ameri-
can Academy of Pediatrics clinical
practice guideline for the manage-
ment of hyperbilirubinemia in the
newborn infant 35 or more weeks of
gestation.

I. COMMERCIAL LIGHT SOURCES
A wide selection of commercial pho-
totherapy devices is available in the
United States. A complete discussion
of devices is beyond the scope of this
review; some are described in Tables
1 and 2. Phototherapy devices can be
categorized according to their light
source as follows: (1) fluorescent-tube
devices that emit different colors (cool
white daylight, blue [B], special blue
[BB], turquoise, and green) and are
straight (F20 T12, 60 cm, 20 W),
U-shaped, or spiral-shaped; (2) metal
halide bulbs, used in spotlights and in-
cubator lights; (3) light-emitting di-
odes (LEDs) or metal halide bulbs,
used with fiber-optic light guides in
pads, blankets, or spotlights; and (4)
high-intensity LEDs, used as over- and
under-the-body devices.

P
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II. STANDARDS FOR
PHOTOTHERAPY DEVICES

Methods for reporting and measuring
phototherapy doses are not standard-
ized. Comparisons of commercially
available phototherapy devices that
use in vitro photodegradation tech-
niquesmay not accurately predict clin-
ical efficacy.2 A recent report explored
an approach to standardizing and
quantifying the magnitude of photo-
therapy delivered by various devices.3

Table 1 lists technical data for some of
the devices marketed in the United
States.3 Factors to consider in pre-
scribing and implementing photother-
apy are (1) emission range of the light
source, (2) the light intensity (irradi-
ance), (3) the exposed (“treatable”)
body surface area illuminated, and (4)
the decrease in total bilirubin concen-
tration. A measure of the effectiveness
of phototherapy to rapidly configure
the bilirubinmolecule to less toxic pho-
toisomers (measured in seconds) is
not yet clinically available.

A. Light Wavelength

The visible white light spectrum
ranges from approximately 350 to 800
nm. Bilirubin absorbs visible light
most strongly in the blue region of the
spectrum (�460 nm). Absorption of

light transforms unconjugated biliru-
bin molecules bound to human serum
albumin in solution into bilirubin pho-
toproducts (predominantly isomers of
bilirubin).2,4,5 Because of the photo-
physical properties of skin, the most
effective light in vivo is probably in the
blue-to-green region (�460–490
nm).2 The first prototype phototherapy
device to result in a clinically signifi-
cant rate of bilirubin decrease used a
blue (B) fluorescent-tube light source
with 420- to 480-nm emission.6,7 More
effective narrow-band special blue
bulbs (F20T12/BB [General Electric,
Westinghouse, Sylvania] or TL52/20W
[Phillips]) were subsequently used.8,9

Most recently, commercial compact
fluorescent-tube light sources and de-
vices that use LEDs of narrow spectral
bandwidth have been used.9–14 Unless
specified otherwise, plastic covers or
optical filters need to be used to re-
move potentially harmful ultraviolet
light.

Clinical Context

Devices with maximum emission
within the 460- to 490-nm (blue-green)
region of the visible spectrum are
probably the most effective for treat-
ing hyperbilirubinemia.2,4 Lights with
broader emission also will work, al-

though not as effectively. Special blue
(BB) fluorescent lights are effective
but should not be confused with white
lights painted blue or covered with
blue plastic sheaths, which should not
be used. Devices that contain high-
intensity gallium nitride LEDs with
emission within the 460- to 490-nm re-
gions are also effective and have a lon-
ger lifetime (�20 000 hours), lower
heat output, low infrared emission,
and no ultraviolet emission.

B. Measuring Light Irradiance

Light intensity or energy output is de-
fined by irradiance and refers to the
number of photons (spectral energy)
that are delivered per unit area (cm2)
of exposed skin.1 The dose of photo-
therapy is a measure of the irradiance
delivered for a specific duration and
adjusted to the exposed body surface
area. Determination of an in vivo dose-
response relationship is confounded
by the optical properties of skin and
the rates of bilirubin production and
elimination.1 Irradiance is measured
with a radiometer (W·cm�2) or spec-
troradiometer (�W·cm�2·nm�1) over
a given wavelength band. Table 2 com-
pares the spectral irradiance of some
of the devices in the US market, as
measured with different brands of me-

TABLE 2 Maximum Spectral Irradiance of Phototherapy Devices (Using Commercial Light Meters at Manufacturer Recommended Distances) Compared
to Clear-Sky Sunlight

Light Meter [Range, Peak] Footprint Irradiance, (�W/cm2/nma)

Halogen/Fiberoptic Fluorescent LED Sunlight

BiliBlanket Wallaby (Neo) PEP Bed Martin/Philips
BB

neoBLUE PortaBed @ Zenith on
8/31/05

II III

@ Contact @ Contact @ 10 cm @ 25 cm @ 30 cm @ 10 cm Level Ground

BiliBlanket Meter II [400–520, 450 nm] 34 28 34 40 69 34 76 144
Bili-Meter, Model 22 [425–475, 460 nm] 29 16 32 49 100 25 86 65**

Joey Dosimeter, JD-100 [420–550, 470 nm] 53 51 60 88 174 84 195 304**

PMA-2123 Bilirubin Detectora (400–520, 460 nm) 24 24 37 35 70 38 73 81
GoldiLux UVA Photometer, GRP-1b [315–400, 365 nm] �0.04 �0.04 �0.04 �0.04 �0.04 �0.04 �0.04 2489

Data in Table 2 were tested and compiled by Hendrik J. Vreman (June 2007 and reverified December 2010).
** Irradiance presented to thismeter exceeded its range. Measurement wasmade through a stainless-steel screen that attenuated themeasured irradiance to 57%, which was subsequently
corrected by this factor.
a Solar Light Company, Inc., Glenside, PA 19038.
b Oriel Instruments, Stratford, CT 06615 and SmartMeter GRP-1 with UV-A probe. GRP-1 measures UV-A light as �W/cm2. No artificial light source delivered significant (�0.04 �W/cm2) UV-A
radiation at the distances measured.
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ters. Often, radiometers measure
wavelengths that do not penetrate skin
well or that are far from optimal for
phototherapy and, therefore,may be of
little value for predicting the clinical
efficacy of phototherapy units. A direct
relationship between irradiance and
the rate of in vivo total bilirubin con-
centration decrease was described in
the report of a study of term “healthy”
infants with nonhemolytic hyperbiliru-
binemia (peak values: 15–18 mg/dL)
using fluorescent Philips daylight
(TL20W/54, TL20W/52) and special blue
(TLAK 40W/03) lamps.15,16 The American
Academy of Pediatrics has recom-
mended that the irradiance for inten-
sive phototherapy be at least 30
�W·cm�2·nm�1 over the waveband in-
terval 460 to 490 nm.1 Devices that emit
lower irradiance may be supple-
mented with auxiliary devices. Much
higher doses (�65 �W·cm�2·nm�1)
might have (as-yet-unidentified) ad-
verse effects. Currently, no single
method is in general use for measur-
ing phototherapy dosages. In addition,
the calibration methods, wavelength
responses, and geometries of instru-
ments are not standardized. Conse-
quently, different radiometers may
show different values for the same
light source.2

Clinical Context

For routine measurements, clinicians
are limited by reliance on irradiance
meters supplied or recommended by
the manufacturer. Visual estimations
of brightness and use of ordinary pho-
tometric or colorimetric light meters
are inappropriate.1,2 Maximal irradi-
ance can be achieved by bringing the
light source close to the infant1; how-
ever, this should not be done with hal-
ogen or tungsten lights, because the
heat generated can cause a burn. Fur-
thermore, with some fixtures, increas-
ing the proximity may reduce the ex-
posed body surface area. Irradiance
distribution in the illuminated area

(footprint) is rarely uniform; measure-
ments at the center of the footprint
may greatly exceed those at the pe-
riphery and are variable among photo-
therapy devices.1 Thus, irradiance
should be measured at several sites
on the infant’s body surface. The ideal
distance and orientation of the light
source should be maintained accord-
ing to the manufacturer’s recommen-
dations. The irradiance of all lamps de-
creases with use; manufacturers
may provide useful-lifetime estimates,
which should not be exceeded.

C. Optimal Body Surface Area

An infant’s total body surface area17

can be influenced by the dispropor-
tionate head size, especially in the
more preterm infant. Complete (100%)
exposure of the total body surface to
light is impractical and limited by use
of eye masks and diapers. Circumfer-
ential illumination (total body surface
exposure from multiple directions)
achieves exposure of approximately
80% of the total body surface. In clini-
cal practice, exposure is usually pla-
nar: ventral with overhead light
sources and dorsal with lighted mat-
tresses. Approximately 35% of the total
body surface (ventral or dorsal) is ex-
posed with either method. Changing
the infant’s posture every 2 to 3 hours
may maximize the area exposed to
light. Exposed body surface area
treated rather than the number of de-
vices (double, triple, etc) used is clini-
cally more important. Maximal skin
surface illumination allows for a more
intensive exposure and may require
combined use of more than 1 photo-
therapy device.1

Clinical Context

Physical obstruction of light by equip-
ment, such as radiant warmers, head
covers, large diapers, eye masks that
enclose large areas of the scalp, tape,
electrode patches, and insulating plas-
tic covers, decrease the exposed skin

surface area. Circumferential photo-
therapy maximizes the exposed area.
Combining several devices, such as flu-
orescent tubeswith fiber-optic pads or
LED mattresses placed below the in-
fant or bassinet, will increase the sur-
face area exposed. If the infant is in an
incubator, the light rays should be per-
pendicular to the surface of the incu-
bator to minimize reflectance and loss
of efficacy.1,2

D. Rate of Response Measured by
Decrease in Serum Bilirubin
Concentration

The clinical impact of phototherapy
should be evident within 4 to 6 hours of
initiation with an anticipated decrease
of more than 2 mg/dL (34 �mol/L) in
serum bilirubin concentration.1 The
clinical response depends on the rates
of bilirubin production, enterohepatic
circulation, and bilirubin elimina-
tion; the degree of tissue bilirubin
deposition15,16,18; and the rates of the
photochemical reactions of bilirubin.
Aggressive implementation of photo-
therapy for excessive hyperbiliru-
binemia, sometimes referred to as the
“crash-cart” approach,19,20 has been
reported to reduce the need for ex-
change transfusion and possibly
reduce the severity of bilirubin
neurotoxicity.

Clinical Context

Serial measurements of bilirubin con-
centration are used to monitor the ef-
fectiveness of phototherapy, but the
value of these measurements can be
confounded by changes in bilirubin
production or elimination and by a
sudden increase in bilirubin concen-
tration (rebound) if phototherapy is
stopped. Periodicity of serial measure-
ments is based on clinical judgment.

III. EVIDENCE FOR EFFECTIVE
PHOTOTHERAPY

Light-emission characteristics of pho-
totherapy devices help in predicting
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their effectiveness (group B recom-
mendation) (see Appendix). The clini-
cal effectiveness of the device should
be known before and monitored dur-
ing clinical application (group B rec-
ommendation). Local guidelines (in-
structions) for routine clinical use
should be available. Important factors
that need to be considered are listed in
Table 3. Obstructing the light source
and reducing the exposed body sur-
face area must be avoided (group B
recommendation).

These recommendations are appropri-
ate for clinical care in high-resource
settings. In low-resource settings the
use of improvised technologies and af-
fordable phototherapy device choices
need to meet minimum efficacy and
safety standards.

IV. SAFETY AND PROTECTIVE
MEASURES

A clinician skilled in newborn care
should assess the neonate’s clinical
status during phototherapy to ensure
adequate hydration, nutrition, and
temperature control. Clinical improve-
ment or progression of jaundice
should also be assessed, including
signs suggestive of early bilirubin en-
cephalopathy such as changes in
sleeping pattern, deteriorating feed-
ing pattern, or inability to be consoled
while crying.1 Staff should be educated

regarding the importance of safely
minimizing the distance of the photo-
therapy device from the infant. They
should be aware that the intensity of
light decreases at the outer perimeter
of the light footprint and recognize the
effects of physical factors that could
impede or obstruct light exposure.
Staff should be aware that photother-
apy does not use ultraviolet light and
that exposure to the lights is mostly
harmless. Four decades of neonatal
phototherapy use has revealed no
serious adverse clinical effects in
newborn infants 35 or more weeks of
gestation. For more preterm infants,
who are usually treated with prophy-
lactic rather than therapeutic photo-
therapy, this may not be true. In-
formed staff should educate parents
regarding the care of their newborn
infant undergoing phototherapy. De-
vices must comply with general
safety standards listed by the Inter-
national Electrotechnical Commis-
sion.21 Other clinical considerations
include:

a. Interruption of phototherapy: After
a documented decrease in bilirubin
concentration, continuous expo-
sure to the light source may be in-
terrupted and the eye mask re-
moved to allow for feeding and
maternal-infant bonding.1

b. Use of eye masks: Eye masks to pre-
vent retinal damage are used rou-
tinely, although there is no evidence
to support this recommendation.
Retinal damage has been docu-
mented in theunpatchedeyesofnew-
born monkeys exposed to photother-
apy, but there are no similar data
available from human newborns, be-
cause eye patches have always been
used.22–24 Purulent eye discharge and
conjunctivitis in term infants have
been reported with prolonged use of
eye patches.25,26

c. Use of diapers: Concerns for the
long-term effects of continuous
phototherapy exposure of the re-
productive system have been
raised but not substantiated.27–29 Di-
apers may be used for hygiene but
are not essential.

d. Other protective considerations:
Devices used in environments with
high humidity and oxygen must
meet electrical and fire hazard
safety standards.21 Phototherapy is
contraindicated in infants with con-
genital porphyria or those treated
with photosensitizing drugs.1 Pro-
longed phototherapy has been asso-
ciated with increased oxidant stress
and lipid peroxidation30 and ribofla-
vin deficiency.31 Recent clinical re-
ports of other adverse outcomes (eg,
malignant melanoma, DNA damage,
and skin changes) have yet to be val-
idated.1,2,32,33 Phototherapy does not
exacerbate hemolysis.34

V. RESEARCH NEEDS

Among the gaps in knowledge that re-
main regarding the use of photother-
apy to prevent severe neonatal hyper-
bilirubinemia, the following are among
the most important:

1. The ability to measure the actual
wavelength and irradiance delivered
by a phototherapy device is urgently
needed to assess the efficiency of

TABLE 3 Practice Considerations for Optimal Administration of Phototherapy

Checklist Recommendation Implementation

Light source (nm) Wavelength spectrum in�460- 490-nm
blue-green light region

Know the spectral output of the light
source

Light irradiance
(�W·cm�2·nm�1)

Use optimal irradiance:�30
�W·cm�2·nm�1 within the 460- to
490-nm waveband

Ensure uniformity over the light
footprint area

Body surface area (cm2) Expose maximal skin area Reduce blocking of light
Timeliness of
implementation

Urgent or “crash-cart” intervention for
excessive hyperbilirubinemia

May conduct procedures while
infant is on phototherapy

Continuity of therapy Briefly interrupt for feeding, parental
bonding, nursing care

After confirmation of adequate
bilirubin concentration decrease

Efficacy of intervention Periodically measure rate of response
in bilirubin load reduction

Degree of total serum/plasma
bilirubin concentration decrease

Duration of therapy Discontinue at desired bilirubin
threshold; be aware of possible
rebound increase

Serial bilirubin measurements
based on rate of decrease
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phototherapy in reducing total serum
bilirubin concentrations.

2. The safety and efficacy of home pho-
totherapy remains a research
priority.

3. Further delineation of the short-
and long-term consequences of ex-
posing infants with conjugated and
unconjugated hyperbilirubinemia
to phototherapy is needed.

4. Whether use of phototherapy re-
duces the risk of bilirubin neurotox-
icity in a timely and effective man-
ner needs further exploration.

SUMMARY

Clinicians and hospitals should ensure
that the phototherapy devices they use
fully illuminate the patient’s body sur-

face area, have an irradiance level of
�30 �W·cm�2·nm�1 (confirmed with
accuracy with an appropriate spectral
radiometer) over the waveband of ap-
proximately 460 to 490 nm, and are
implemented in a timely manner. Stan-
dard procedures should be docu-
mented for their safe deployment.
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APPENDIX Definition of Grades for Recommendation and Suggestion for Practice

Grade Definition Suggestion for Practice

A This intervention is recommended. There is a high certainty that the net benefit is substantial Offer and administer this intervention
B This intervention is recommended. There is a moderate certainty that the net benefit is

moderate to substantial
Offer and administer this intervention

C This intervention is recommended. There may be considerations that support the use of this
intervention in an individual patient. There is a moderate to high certainty that the net
benefit is small

Offer and administer this intervention only if
other considerations support this
intervention in an individual patient

D This intervention is not recommended. There is a moderate to high certainty that the
intervention has no net benefit and that the harms outweigh the benefits

Discourage use of this intervention

I The current evidence is insufficient to assess the balance of benefits against and harms of
this intervention. There is a moderate to high certainty that the intervention has no net
benefit and that the harms outweigh the benefits. Evidence is lacking, of poor quality, or
conflicting, and the balance of benefits and harms cannot be determined

If this intervention is conducted, the patient
should understand the uncertainty about
the balance of benefits and harms

US Preventive Services Task Force Grade definitions, May, 2008 (available at www.uspreventiveservicestaskforce.org/3rduspstf/ratings.htm).
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Postdischarge Follow-up of Infants
With Congenital Diaphragmatic
Hernia
Section on Surgery and the Committee on Fetus and Newborn

ABSTRACT
Infants with congenital diaphragmatic hernia often require intensive treatment
after birth, have prolonged hospitalizations, and have other congenital anomalies.
After discharge from the hospital, they may have long-term sequelae such as
respiratory insufficiency, gastroesophageal reflux, poor growth, neurodevelop-
mental delay, behavior problems, hearing loss, hernia recurrence, and orthopedic
deformities. Structured follow-up for these patients facilitates early recognition
and treatment of these complications. In this report, follow-up of infants with
congenital diaphragmatic hernia is outlined.

INTRODUCTION
Survival rates for patients with congenital diaphragmatic hernia (CDH) have
increased during the past decade with the implementation of more “gentle”
ventilation and physiology-specific strategies, high-frequency ventilation, extra-
corporeal membrane oxygenation (ECMO), and improved supportive care.1–3 Im-
provement in survival rates has occurred for infants with CDH complicated by
severe pulmonary hypoplasia, pulmonary hypertension, and chronic lung disease.4

However, other significant morbidities, such as neurocognitive delay, gastroesoph-
ageal reflux, hearing loss, chest wall deformity, poor growth, hernia recurrence,
and complications attributable to associated congenital anomalies, continue to
affect the lives of many infants with CDH beyond the neonatal period.1,5,6

Coordination of the complex medical and surgical needs of these infants is
challenging. Comprehensive multispecialty clinics that aggregate specialty physi-
cians and services are family-friendly and provide for collaborative evaluation and management planning. Same-site
multidisciplinary service teams also improve coordination, communication, and support for the medical home
pediatrician who is responsible for managing the general health care needs of the infant. Unfortunately, such
multispecialty clinics are not available to all infants with CDH. The following information is intended to provide
clinicians who care for infants with CDH with a template to organize a comprehensive plan for detection and
management of associated morbidities.

PULMONARYMORBIDITY
Survivors with CDH may require treatment beyond the initial hospitalization for chronic lung disease, bronchospasm,
pulmonary hypertension, aspiration, pneumonia, and pulmonary hypoplasia. Oxygen treatment beyond the initial
hospitalization may be needed for many of these infants, especially those who are treated with ECMO and a
prosthetic patch.7–9 Many survivors not treated with ECMO also receive bronchodilators and inhaled steroids.8 At
least 4% of survivors require a long-term tracheostomy.9,10 Nearly one fourth of infants with CDH who survive have
obstructive airway disease at 5 years of age,10,11 and some have pulmonary hypertension that persists for months or
years. Pulmonary hypertension that persists for more than the first few weeks after birth is a risk factor for early
death.12 Persistent abnormalities in lung function also have been demonstrated on ventilation/perfusion scans.8,12–15

Pneumonia occurs in approximately 7% of infants with CDH during the first year after birth.5,16,17 Aspiration-
associated pneumonia and bronchospasm may be reduced in frequency by avoiding oral feeding if oromotor
incoordination is significant and by early detection and treatment of gastroesophageal reflux. Pneumonia may be
prevented in part by treatment for chronic lung disease, effective management of pulmonary secretions, and
immunization with recommended childhood vaccines (such as pneumococcal, influenza, and other recommended
vaccines). Palivizumab (respiratory syncytial virus monoclonal antibody; Synagis [MedImmune, Inc, Gaithersburg,
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MD]) also is suggested for infants with CDH who have
chronic lung disease, as described in the “Revised Indi-
cations for the Use of Palivizumab and Respiratory Syn-
cytial Virus Immune Globulin Intravenous for the Pre-
vention of Respiratory Syncytial Virus Infections”
technical report and policy statement by the American
Academy of Pediatrics.18,19

Although the incidence of chronic lung disease is
33% to 52% at discharge, most infants who survive CDH
have clinical improvement over time.6,16,17 Nevertheless,
nearly 50% of adult survivors have impairment on pul-
monary function testing.16

GASTROESOPHAGEAL REFLUX/FOREGUT DYSMOTILITY
Gastroesophageal reflux or some form of foregut dysmo-
tility occurs in 45% to 90% of infants with CDH.20–24

Abnormal hiatal anatomy at the gastroesophageal junc-
tion, lack of an angle of His in some patients, and her-
niation of the stomach into the chest with distortion are
possible mechanisms to explain this high incidence of
gastroesophageal reflux. Esophageal dilation or ectasia
also has been described in some infants with CDH, and
as many as 70% of such infants have severe gastro-
esophageal reflux.21 The incidence of gastroesophageal
reflux also correlates with defect size and need for patch
repair.20,25 Pulmonary morbidity may be worsened by
aspiration associated with gastroesophageal reflux. Im-
portantly, a high incidence of esophagitis in adult survi-
vors with CDH suggests that long-term surveillance is
needed.26 For all patients with CDH, it is important to
have a high index of suspicion for gastroesophageal re-
flux. Antireflux surgery may be an option for patients
with failed medical therapy, although the long-term suc-
cess rate of this procedure has yet to be proven.

GROWTH FAILURE
Many survivors with CDH fail to grow as well as healthy
term infants do and require close nutritional surveillance
and intervention.6,9,20 Infants with CDH and chronic lung
disease often have poor oral feeding skills. Gastroesoph-
ageal reflux is common, and oral aversion is frequent;
both contribute to growth deficiency. In 1 clinical series,
more than 50% of infants with CDH had weight below
the 25th percentile.20 Gastrostomy tube placement was
performed in 33% of infants in this series. Van Meurs
et al6 showed that more than 40% of CDH survivors had
weight below the 5th percentile at 2 years of age. Gas-
trostomy tube feeding is suggested by some experts who
hypothesize that nasogastric or orogastric tube feeding
impairs oral feeding. Others suggest use of nasogastric or
orogastric tube feeding for a period of time, especially
when success with oral feeding is anticipated within
several months. Despite controversy about the most ap-
propriate mode of feeding the infant with CDH at dis-
charge, almost 33% do not orally feed enough fluid
volume to support growth and receive feedings through
nasogastric or gastrostomy tubes.6,20 Early recognition
and intervention is essential for optimizing both somatic
and alveolar growth and long-term outcomes for infants
with CDH.

NEUROCOGNITIVE DELAY AND BEHAVIORAL DISORDERS
Significant developmental delay and behavioral disor-
ders have been reported for a large number of infants
with CDH. The infant with a large diaphragmatic defect
or need for ECMO is at greatest risk.27–36 Nobuhara et al27

reported developmental delay in more than 33% of their
CDH survivors. McGahren et al30 described neurologic
abnormalities in 67% of infants with CDH who were
treated with ECMO compared with 24% of infants with
CDH who were not as ill and did not receive ECMO.

The critical illness and physiologic disruption of high-
risk infants with CDH places them at risk of neurologic
and developmental disabilities. Many infants who
present with symptoms of CDH soon after birth are
clinically unstable and hypoxemic and require high lev-
els of extraordinary life support such as ECMO and other
invasive therapies. Although severity of illness is most
predictive of long-term outcome, complications associ-
ated with invasive therapies may contribute to morbidity
in CDH survivors. In a study by Bernbaum et al37 of
survivors receiving ECMO, infants with CDH treated
with ECMO had a higher risk of significant neurodevel-
opmental delays than did infants without CDH. The
higher risk of disability in ECMO-treated survivors with
CDH compared with ECMO-treated survivors without
CDH suggests that at least 3 potential factors may con-
tribute to neurodevelopmental disability in infants with
CDH: (1) an intrinsic neurologic abnormality, (2) greater
number and severity of morbidities that impair develop-
ment in infants who require ECMO, (3) and a greater
number of ECMO-associated complications.

HEARING LOSS
Sensorineural hearing loss has been described in a num-
ber of case series of CDH survivors27,28,33,35 and seems to
occur in infants regardless of whether they were treated
with ECMO. The cause remains unknown, but it is spec-
ulated to be related to treatments for respiratory failure
(such as hyperventilation, ototoxic medications, or neu-
romuscular blockade).38 Severe hypoxemia, prolonged
ventilation, and ECMO also are risk factors. Approxi-
mately half of infants with initially normal hearing as-
sessments develop hearing loss later in infancy.39–41

HERNIA RECURRENCE
Recurrent diaphragmatic hernias have been reported in
8% to 50% of patients with CDH. The single-most im-
portant predictor of hernia recurrence is the presence of
a large defect that requires a patch to repair.2,6,42,43 Re-
currences can present from months to years after the
initial hospitalization, or the patient can remain asymp-
tomatic. Detection of recurrences may be discovered
incidentally on chest radiographs performed for surveil-
lance or other reasons.6,43 The lifetime risk of recurrence
for a patient with a patch repair is unknown.

ORTHOPEDIC DEFORMITIES
Pectus deformities and progressive asymmetry of the
chest wall have been described in CDH survivors.27,28,44

The incidence of these orthopedic disorders ranges from
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21% to 48%. Many of them are mild and do not require
surgical intervention. Scoliosis also has been found in
these patients, with an incidence of 10% to 27%.27,44 The
incidence of both of these morbidities is higher in pa-
tients who have large defects and a patch repair. Periodic
and regular follow-up is suggested to detect and prevent
development of functionally significant deformities from
developing.

OTHER CONGENITAL ABNORMALITIES
Additional congenital anomalies are present in approx-
imately 40% of infants with CDH.45–48 Congenital heart
lesions account for nearly two thirds of these anomalies
and have a major effect on risk of mortality.45,48 Anom-
alies of the central nervous system, esophageal atresia,
and omphalocele also are relatively prevalent compared
with other organ systems. A number of syndromes and
chromosomal anomalies (such as trisomies 21, 13, and
18; Fryns syndrome; Brachmann-de Lange syndrome;
and Pallister-Killian syndrome) include CDH as one of
the associated anomalies. Each of these anomalies and
syndromes adds to the complexity and specialty care
needs for affected infants. The care requirements for
such infants necessitate individualized, multidisciplinary
care plans.

SUMMARY
Survivors with CDH are at risk of a number of morbid-
ities that may affect development and function. Infants
with large defects, those who have received ECMO, or
those with a patch repair are at highest risk. These
unique patients, especially those at highest risk, require
long-term periodic follow-up by a multidisciplinary team
of medical, surgical, and developmental specialists to
identify and treat morbidities before additional disability
results. Preventive pediatric health care according to
guidelines developed by the American Academy of Pe-
diatrics is recommended for all children, including those
with CDH.49–52 To emphasize the importance of fol-
low-up for specific morbidities associated with CDH, ad-
ditional suggestions are provided (Table 1). These are
most applicable to children with extraordinary medical
and surgical complications associated with CDH and
should be individualized depending on the specific needs
of each infant.
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Clinical Report—Postnatal Glucose Homeostasis in
Late-Preterm and Term Infants

abstract
This report provides a practical guide and algorithm for the screening
and subsequent management of neonatal hypoglycemia. Current evi-
dence does not support a specific concentration of glucose that can
discriminate normal from abnormal or can potentially result in acute
or chronic irreversible neurologic damage. Early identification of the
at-risk infant and institution of prophylactic measures to prevent neo-
natal hypoglycemia are recommended as a pragmatic approach de-
spite the absence of a consistent definition of hypoglycemia in the
literature. Pediatrics 2011;127:575–579

INTRODUCTION
This clinical report provides a practical guide for the screening and
subsequentmanagement of neonatal hypoglycemia (NH) in at-risk late-
preterm (34–366⁄7 weeks’ gestational age) and term infants. An expert
panel convened by the National Institutes of Health in 2008 concluded
that there has been no substantial evidence-based progress in defining
what constitutes clinically important NH, particularly regarding how it
relates to brain injury, and that monitoring for, preventing, and treat-
ing NH remain largely empirical.1 In addition, the simultaneous occur-
rence of othermedical conditions that are associatedwith brain injury,
such as hypoxia-ischemia or infection, could alone, or in concert with
NH, adversely affect the brain.2–5 For these reasons, this report does
not identify any specific value or range of plasma glucose concentra-
tions that potentially could result in brain injury. Instead, it is a prag-
matic approach to a controversial issue for which evidence is lacking
but guidance is needed.

BACKGROUND

Blood glucose concentrations as low as 30 mg/dL are common in
healthy neonates by 1 to 2 hours after birth; these low concentrations,
seen in all mammalian newborns, usually are transient, asymptomatic,
and considered to be part of normal adaptation to postnatal life.6–8

Most neonates compensate for “physiologic” hypoglycemia by produc-
ing alternative fuels including ketone bodies, which are released from
fat.

Clinically significant NH reflects an imbalance between supply and use
of glucose and alternative fuels and may result from a multitude of
disturbed regulatory mechanisms. A rational definition of NH must
account for the fact that acute symptoms and long-term neurologic
sequelae occur within a continuum of low plasma glucose values of
varied duration and severity.
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The authors of several literature re-
views have concluded that there is not
a specific plasma glucose concentra-
tion or duration of hypoglycemia that
can predict permanent neurologic in-
jury in high-risk infants.3,9,10 Data that
have linked plasma glucose concentra-
tionwith adverse long-termneurologic
outcomes are confounded by variable
definitions of hypoglycemia and its du-
ration (seldom reported), the omis-
sion of control groups, the possible in-
clusion of infants with confounding
conditions, and the small number of
asymptomatic infants who were fol-
lowed.3,11,12 In addition, there is no sin-
gle concentration or range of plasma
glucose concentrations that is associ-
ated with clinical signs. Therefore,
there is no consensus regarding when
screening should be performed and
which concentration of glucose re-
quires therapeutic intervention in the
asymptomatic infant. The generally
adopted plasma glucose concentra-
tion that defines NH for all infants
(�47 mg/dL) is without rigorous sci-
entific justification.1,3,4,9,12

WHICH INFANTS TO SCREEN

Because plasma glucose homeostasis
requires glucogenesis and ketogene-
sis to maintain normal rates of fuel
use,13 NH most commonly occurs in in-
fants with impaired glucogenesis
and/or ketogenesis,14,15 which may oc-
cur with excessive insulin production,
altered counterregulatory hormone
production, an inadequate substrate
supply,14–16 or a disorder of fatty acid
oxidation.15 NH occurs most commonly
in infants who are small for gesta-
tional age, infants born to mothers
who have diabetes, and late-preterm
infants. It remains controversial
whether otherwise normal infants
who are large for gestational age are
at risk of NH, largely because it is diffi-
cult to exclude maternal diabetes or
maternal hyperglycemia (prediabe-

tes) with standard glucose-tolerance
tests.

A large number of additional maternal
and fetal conditions may also place in-
fants at risk of NH. Clinical signs are
common with these conditions, and it
is likely that patients with such a con-
dition are already being monitored
and that plasma glucose analyses are
being performed.13,17 Therefore, for
practicality, “at risk” in the manage-
ment approach outlined in Fig 1 in-
cludes only infants who are small for
gestational age, infants who are large
for gestational age, infants who were
born to mothers who have diabetes,
and late-preterm infants. Routine
screening andmonitoring of blood glu-
cose concentration is not needed in
healthy term newborn infants after an
entirely normal pregnancy and deliv-
ery. Blood glucose concentration
should only be measured in term in-
fants who have clinical manifestations
or who are known to be at risk. Plasma
or blood glucose concentration should
bemeasured as soon as possible (min-

utes, not hours) in any infant whoman-
ifests clinical signs (see “Clinical
Signs”) compatible with a low blood
glucose concentration (ie, the symp-
tomatic infant).

Breastfed term infants have lower con-
centrations of plasma glucose but
higher concentrations of ketone bodies
than do formula-fed infants.13,17 It is pos-
tulated that breastfed infants tolerate
lower plasma glucose concentrations
withoutanyclinicalmanifestationsorse-
quelae of NH because of the increased
ketone concentrations.8,12–14

WHEN TO SCREEN

Neonatal glucose concentrations de-
crease after birth, to as low as 30
mg/dL during the first 1 to 2 hours af-
ter birth, and then increase to higher
and relatively more stable concentra-
tions, generally above 45 mg/dL by 12
hours after birth.6,7 Data on the optimal
timing and intervals for glucose
screening are limited. It is controver-
sial whether to screen the asymptom-
atic at-risk infant for NH during this

FIGURE 1
Screening for and management of postnatal glucose homeostasis in late-preterm (LPT 34–366⁄7
weeks) and term small-for-gestational age (SGA) infants and infants who were born to mothers with
diabetes (IDM)/large-for-gestational age (LGA) infants. LPT and SGA (screen 0–24 hours), IDM and LGA
�34 weeks (screen 0–12 hours). IV indicates intravenous.
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glucose analyzers can be used if the
test is performed carefully and the cli-
nician is aware of the limited accuracy
of these devices. Rapid measurement
methods available at the bedside in-
clude the handheld reflectance color-
imeter and electrode methods. The
blood sample is usually obtained from
a warmed heel.

Test-strip results demonstrate a rea-
sonable correlation with actual
plasma glucose concentrations, but
the variation from the actual level may
be as much as 10 to 20 mg/dL.24–27 Un-
fortunately, this variation is greatest
at low glucose concentrations. There is
no point-of-care method that is suffi-
ciently reliable and accurate in the low
range of blood glucose to allow it to be
used as the sole method for screening
for NH.

Because of limitations with “rapid”
bedside methods, the blood or plasma
glucose concentration must be con-
firmed by laboratory testing ordered
stat. A long delay in processing the
specimen can result in a falsely low
concentration as erythrocytes in the
sample metabolize the glucose in the
plasma. This problem can be avoided
by transporting the blood in tubes that
contain a glycolytic inhibitor such as
fluoride.

Screening of the at-risk infant for NH and
institution of prophylactic measures to
prevent prolonged or symptomatic NH is
a reasonable goal. Treatment of sus-
pected NH should not be postponed
while waiting for laboratory confirma-
tion. However, there is no evidence to
show that such rapid treatment will mit-
igate neurologic sequelae.

CLINICAL SIGNS

The clinical signs of NH are not specific
and include a wide range of local or
generalized manifestations that are
common in sick neonates.12,13,17 These
signs include jitteriness, cyanosis, sei-
zures, apneic episodes, tachypnea,

weak or high-pitched cry, floppiness or
lethargy, poor feeding, and eye-rolling.
It is important to screen for other pos-
sible underlying disorders (eg, infec-
tion) as well as hypoglycemia. Such
signs usually subside quickly with nor-
malization of glucose supply and
plasma concentration.9,13 Coma and
seizures may occur with prolonged NH
(plasma or blood glucose concentra-
tions lower than 10 mg/dL range) and
repetitive hypoglycemia. The more se-
rious signs (eg, seizure activity) usu-
ally occur late in severe and pro-
tracted cases of hypoglycemia and are
not easily or rapidly reversed with glu-
cose replacement and normalization
of plasma glucose concentrations.28–30

Development of clinical signs may be
ameliorated by the presence of alter-
native substrates.31

Because avoidance and treatment of
cerebral energy deficiency is the prin-
cipal concern, greatest attention
should be paid to neurologic signs. To
attribute signs and symptoms to NH,
Cornblath et al12 have suggested that
the Whipple triad be fulfilled: (1) a low
blood glucose concentration; (2) signs
consistent with NH; and (3) resolution
of signs and symptoms after restoring
blood glucose concentrations to nor-
mal values.12

MANAGEMENT

Any approach tomanagement needs to
account for the overall metabolic and
physiologic status of the infant and
should not unnecessarily disrupt the
mother-infant relationship and breast-
feeding. The definition of a plasma glu-
cose concentration at which interven-
tion is indicated needs to be tailored to
the clinical situation and the particular
characteristics of a given infant. For
example, further investigation and im-
mediate intravenous glucose treat-
ment might be instituted for an infant
with clinical signs and a plasma glu-
cose concentration of less than 40 mg/

normal physiologic nadir. No studies 
have demonstrated harm from a few 
hours of asymptomatic hypoglycemia 
during this normal postnatal period 
of establishing “physiologic glucose 
homeostasis.”9

Infants born to mothers with diabetes 
may develop asymptomatic NH as early 
as 1 hour after birth18 and usually by 12 
hours of age.18 In contrast, infants who 
are large for gestational age or small 
for gestational age may develop low 
plasma glucose concentrations at as 
early as 3 hours of age,19 and these 
infants may be at risk of NH for up to 10 
days after birth.20 Therefore, at-risk in-
fants should be screened for NH with a 
frequency and duration related to risk 
factors specific to the individual in-
fant.5 Screening the asymptomatic at-
risk infant can be performed within 
the first hours of birth and continued 
through multiple feed-fast cycles. Late-
preterm infants and infants who are 
small for gestational age should be fed 
every 2 to 3 hours and screened before 
each feeding for at least the first 24 
hours. After 24 hours, repeated 
screening before feedings should be 
continued if plasma glucose concen-
trations remain lower than 45 mg/dL.

LABORATORY DATA
When NH is suspected, the plasma or 
blood glucose concentration must be 
determined immediately by using one 
of the laboratory enzymatic methods 
(eg, glucose oxidase, hexokinase, or 
dehydrogenase method). Plasma 
blood glucose values tend to be ap-
proximately 10% to 18% higher than 
whole-blood values because of the 
higher water content of plasma.21,22

Although a laboratory determination is 
the most accurate method of measur-
ing the glucose concentration, the re-
sults may not be available quickly 
enough for rapid diagnosis of NH, 
which thereby delays the initiation of 
treatment.23 Bedside reagent test-strip
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dL, whereas an at-risk but asymptom-
atic term formula-fed infant may only
require an increased frequency of
feeding and would receive intravenous
glucose only if the glucose values de-
creased to less than 25 mg/dL (birth to
4 hours of age) or 35 mg/dL (4–24
hours of age).32 Follow-up glucose con-
centrations and clinical evaluation
must always be obtained to ensure
that postnatal glucose homeostasis is
achieved and maintained.

Because severe, prolonged, symptom-
atic hypoglycemia may result in neuro-
nal injury,27,28,32 prompt intervention is
necessary for infants who manifest
clinical signs and symptoms. A reason-
able (although arbitrary) cutoff for
treating symptomatic infants is 40mg/
dL. This value is higher than the physi-
ologic nadir and higher than concen-
trations usually associated with
clinical signs. A plasma sample for a
laboratory glucose determination
needs to be obtained just before giving
an intravenous “minibolus” of glucose
(200mg of glucose per kg, 2mL/kg dex-
trose 10% in water [D10W], intrave-
nously) and/or starting a continuous
infusion of glucose (D10W at 80–100
mL/kg per day). A reasonable goal is to
maintain plasma glucose concentra-
tions in symptomatic infants between
40 and 50 mg/dL.

Figure 1 is a guideline for the screen-
ing and management of NH in late-
preterm infants and term infants who
were born to mothers with diabetes,
small for gestational age, or large for
gestational age. In developing a prag-
matic approach to the asymptomatic
at-risk infant during the first 24 hours
after birth, mode of feeding, risk fac-
tors, and hours of age were consid-
ered. This strategy is based on the fol-
lowing observations from Cornblath
and Ichord13: (1) almost all infants with
proven symptomatic NH during the
first hours of life have plasma glucose
concentrations lower than 20 to 25

mg/dL; (2) persistent or recurrent NH
syndromes present with equally low
plasma glucose concentrations; and
(3) little or no evidence exists to indi-
cate that asymptomatic NH at any con-
centration of plasma glucose in the
first days of life results in any adverse
sequelae in growth or neurologic
development.13

Figure 1 is divided into 2 time periods
(birth to 4 hours and 4–12 hours) and
accounts for the changing values of
glucose that occur over the first 12
hours after birth. The recommended
values for intervention are intended to
provide a margin of safety over con-
centrations of glucose associated with
clinical signs. The intervention recom-
mendations also provide a range of
values over which the clinician can de-
cide to refeed or provide intravenous
glucose. The target glucose concentra-
tion is greater than 45 mg/dL before
each feeding. At-risk infants should be
fed by 1 hour of age and screened 30
minutes after the feeding. This recom-
mendation is consistent with that of
the World Health Organization. Gavage
feeding may be considered in infants
who are not nippling well. Glucose
screening should continue until 12
hours of age for infants born to moth-
ers with diabetes and those who are
large for gestational age and maintain
plasma glucose concentrations of
greater than 40 mg/dL. Late-preterm
infants and infants who are small for
gestational age require glucose moni-
toring for at least 24 hours after birth,
because they may be more vulnerable
to low glucose concentrations, espe-
cially if regular feedings or intrave-
nous fluids are not yet established.20 If
inadequate postnatal glucose ho-
meostasis is documented, the clinician
must be certain that the infant can
maintain normal plasma glucose con-
centrations on a routine diet for a rea-
sonably extended period (through at
least 3 feed-fast periods) before dis-

charge. It is recommended that the at-
risk asymptomatic infant who has glu-
cose concentrations of less than 25
mg/dL (birth to 4 hours of age) or less
than 35 mg/dL (4–24 hours of age) be
refed and that the glucose value be re-
checked 1 hour after refeeding. Subse-
quent concentrations lower than 25
mg/dL, or lower than 35mg/dL, respec-
tively, after attempts to refeed, neces-
sitate treatment with intravenous glu-
cose. Persistent hypoglycemia can be
treated with aminibolus (200mg/kg [2
mL/kg] D10W) and/or intravenous infu-
sion of D10W at 5 to 8mg/kg perminute,
80 to 100 mL/kg per day; the goal is to
achieve a plasma glucose concentra-
tion of 40 to 50 mg/dL (higher concen-
trations will only stimulate further in-
sulin secretion). If it is not possible to
maintain blood glucose concentra-
tions of greater than 45 mg/dL after 24
hours of using this rate of glucose in-
fusion, consideration should be given
to the possibility of hyperinsulinemic
hypoglycemia, which is the most com-
mon cause of severe persistent hypo-
glycemia in the newborn period. A
blood sample should be sent for mea-
surement of insulin along with a glu-
cose concentration at the time when a
bedside blood glucose concentration
is less than 40 mg/dL, and an endocri-
nologist should be consulted.

SUMMARY

Current evidence does not support a
specific concentration of glucose that
can discriminate euglycemia from hy-
poglycemia or can predict that acute
or chronic irreversible neurologic
damage will result. Therefore, similar
to the Canadian Paediatric Society
guidelines, a significantly low concen-
tration of glucose in plasma should be
reliably established and treated to re-
store glucose values to a normal phys-
iologic range.5 Recognizing infants at
risk of disturbances in postnatal glu-
cose homeostasis and providing a
margin of safety by early measures to



321POSTNATAL GLUCOSE HOMEOSTASIS IN LATE-PRETERM AND TERM INFANTS

prevent (feeding) and treat (feeding
and intravenous glucose infusion) low
concentrations are primary goals.
Follow-up glucose measurements are
always indicated to be sure an infant
can maintain normal glucose concen-
trations over several feed-fast cycles.
This will also permit recognition of in-
fants with persistent hyperinsulinemic
hypoglycemia and infants with fatty
acid oxidation disorders.
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Clinical Report—Premedication for Nonemergency
Endotracheal Intubation in the Neonate

abstract
Endotracheal intubation is a common procedure in newborn care. The
purpose of this clinical report is to review currently available evidence
on use of premedication for intubation, identify gaps in knowledge, and
provide guidance formaking decisions about the use of premedication.
Pediatrics 2010;125:608–615

INTRODUCTION

Endotracheal intubation is a common procedure in NICUs and should
be performed expeditiously in as controlled an environment as possi-
ble to reduce complications. Several studies that evaluated the suc-
cess rate of neonatal endotracheal intubations have reported that
successful intubations frequently requiremore than 1 attempt and are
rarely accomplished within the currently recommended time frame.1–3

Many failed attempts can be attributed to suboptimal intubating con-
ditions. Excellent intubating conditions are characterized by good jaw
relaxation, open and immobile vocal cords, and suppression of pharyn-
geal and laryngeal reflexes assessed by the absence of coughing or
diaphragmatic movements in response to intubation.4 Several trials
have demonstrated that the use of premedication for intubation of the
newborn significantly improves intubating conditions, decreases the
time and number of attempts needed to complete the intubation pro-
cedure, and minimizes the potential for intubation-related airway
trauma.5–10

The alleviation of pain in neonates should be the goal of all caregivers,
because repeated painful experiences have the potential for deleteri-
ous consequences.11 The experience of being intubated is unpleasant
and painful and seriously disturbs physiologic homeostasis.12,13 A con-
sensus statement from the International Evidence-Based Group for
Neonatal Pain concluded that “tracheal intubation without the use of
analgesia or sedation should be performed only for resuscitation in
the delivery room or for life-threatening situations associated with the
unavailability of intravenous access.”14 Subsequently, in a recent policy
statement the American Academy of Pediatrics also recommended
that every health care facility caring for neonates implement an effec-
tive pain-prevention program and use pharmacologic and nonpharma-
cologic therapies for the prevention of pain associated with proce-
dures.11 Despite these recommendations, there remainswide variation
in the frequency of use of premedication before intubation, and in the
medications used for premedication.15,16 Some of the reasons offered
for not using premedications before intubation are concern for ad-
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gums, and placement of the endotra-
cheal tube can dislodge the arytenoids
or damage other glottic structures.
These injuries can be avoided by im-
proved technique that can be enhanced
by the use of premedication.24

CHARACTERISTICS OF AN IDEAL
STRATEGY

An ideal strategy for premedication for
intubation eliminates the pain, discom-
fort, and physiologic abnormalities
of the procedure, helps to carry out
intubation expeditiously, minimizes
the chances for traumatic injury to the
newborn, and has no adverse effects.
An individual skilled in the use of bag-
mask ventilation should be present to
ensure adequate ventilation after the
use of premedication and before the
intubation. An ideal approachwould be
to administer supplemental oxygen, as
needed, via a properly sized facemask,
then a vagolytic agent, followed by an-
algesic and/or hypnotic medications
before infusion of a muscle relaxant.
The vagolytic drug prevents bradycar-
dia, the analgesic and/or hypnotic
drug can control pain and may render
the infant unconscious and minimize
adverse hemodynamic responses to
laryngoscopy, and the muscle relaxant
provides the best possible intubating
conditions. Nonpharmacologic inter-
ventions, including swaddling and
comfortable positioning, would con-
tribute to the infant’s comfort as well.

Analgesia

Premedication with an analgesic re-
duces the pain and discomfort of intu-
bation. An ideal analgesic agent would
have a rapid onset, be of short dura-
tion, have no adverse effects on respi-
ratory mechanics, and possess pre-
dictable pharmacokinetic properties.
None of the currently available agents
fit this profile.

Opioids are the most commonly used
medications for analgesia in the neo-

nate. The mechanism of action of the
individual opioids involves interaction
at various receptor sites in both the
central and peripheral nervous sys-
tem to modify transmission of painful
signals and diminish pain percep-
tion.25 Morphine is the most frequently
used opiate for pain control in the ne-
onate. It has been used for acute post-
operative pain control and as a contin-
uous infusion for ventilated infants.
The use of morphine for premedica-
tion for intubation was studied in a
randomized, controlled trial of 34 pre-
mature infants in which infants were
given either morphine alone or pla-
cebo 5 minutes before the intubation.
There was no effect on the severity of
physiologic disturbances during intu-
bation including the duration of severe
hypoxemia, incidence of bradycardia,
and change in mean blood pressure.26

This lack of effect is thought to be be-
cause of the delayed onset of action of
morphine27 related to the relative hy-
drophilic nature of the drug. Intrave-
nous morphine has a mean onset of
action at 5 minutes and peak effect at
15 minutes.25 Another randomized,
controlled trial of 20 preterm infants
compared the use of morphine and
midazolam versus remifentanil and
midazolam for intubation.8 No differ-
ences were noted between the groups
with regard to pain control or hemody-
namic variables, but the probability of
having excellent intubation conditions
was significantly higher with remifen-
tanil than with morphine. All infants
pretreated with remifentanil and mi-
dazolam were intubated at first at-
tempt compared with only 60% of the
infants in the morphine and midazo-
lam group.8 In another study, when
morphine was used in combination
with a vagolytic and a paralytic agent,
the time needed to intubate was re-
duced and bradycardia was de-
creased.24 However, these effects may
be related to the vagolytic and para-
lytic agents used in the study, not to

verse reactions and/or toxic effects of 
the medications, inadequate time for ad-
ministration of medications in emer-
gency situations, and the perception that 
risk/benefit ratios are worsened by us-
ing premedications.13 This report will ad-
dress some of these issues, including 
the choices of available medications, the 
circumstances for the use of medica-
tions, the risks of these medications, and 
the appropriate precautions to take 
while adopting these procedures.

PHYSIOLOGIC RESPONSES TO 
INTUBATION

The process of intubation may cause 
hypoxemia,17 bradycardia,18 intracra-
nial hypertension,19 systemic hyper-
tension,17 and pulmonary hyperten-
sion.20 Hypoxemia seems to be related 
either to apnea at the time of intuba-
tion or possible airway obstruction as-
sociated with positioning.17 Bradycar-
dia is presumed to be vagal in origin, 
because the very rapid onset is sug-
gestive of a reflexive etiology17 and is 
not prevented by preoxygenation and 
the avoidance of hypoxemia.18 The in-
crease in intracranial pressure may 
be a result of coughing and struggling 
of the infant that can result in venous 
stasis with an increase in cerebral 
blood volume.19,21 Systemic arterial hy-
pertension has been investigated in 
adults and seems to be caused by an 
increase in systemic vascular resis-
tance, which is probably caused by cat-
echolamine release.22 Pulmonary hy-
pertension leading to right ventricular 
failure has been described in adults,23 
and although pulmonary artery pres-
sures have not been measured in new-
born infants undergoing intubation, 
endotracheal suctioning is known to 
cause an increase in pulmonary artery 
pressure postoperatively in infants 
with congenital heart disease20 and is 
presumed to occur with intubation. In 
addition, improperly performed direct 
laryngoscopy can cause traumatic in-
juries to the face, eyes, tongue, and
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morphine effects. Furthermore, the
status of pain control was not as-
sessed in that study. For these rea-
sons, morphine alone would not be the
most appropriate choice for premedi-
cation for intubations. Meperidine is
rarely used in neonates because of its
slow onset of action, variability in
metabolism, and risk of toxic effects of
its metabolites; as a result, it is not
recommended.27

Fentanyl is the most frequently used
synthetic opioid in the neonate. This
drug may be preferable to morphine
for pain control for intubation because
of a more rapid onset of action related
to its more lipophilic nature.25 Fenta-
nyl’s impact on some of the physiologic
disturbances during intubation has
been studied. In older infants and chil-
dren this drug blunts physiologic dis-
turbances during endotracheal suc-
tioning and, in patients after surgery,
decreases pulmonary arterial pres-
sure and systemic hypertension.20,23 It
is likely that such responses may oc-
cur during intubation too. Its impact on
cerebral and systemic hemodynamics
was studied with a short-term infusion
in 15 preterm infants, and there were
no significant changes in the systemic
or cerebral perfusion or pressure.28 Al-
though fentanyl as a single agent in in-
tubation has not been studied, a co-
hort study of 33 preterm and term
infants intubated after a combination
of atropine, fentanyl, and a paralytic
agent showed that fentanyl had no sig-
nificant adverse effects.7 Remifentanil,
another synthetic opiate, has a rapid
onset of action and an ultrashort dura-
tion of action and has been shown to
be a useful drug for neonatal intuba-
tion.8,29 A primary concern with syn-
thetic opioid use is the risk of chest
wall rigidity, but this risk can be re-
duced by slow administration and can
be treated with either naloxone or
muscle relaxants.30 However, it is im-
portant to remember that the use of

naloxone, a competitive antagonist at
all opioid receptors, will also reverse
the analgesic effects of these drugs.

Sedation

Sedatives do not always reduce pain
but can sedate or render individuals
unconscious or amnestic depending
on the dose and individual response.
Benzodiazepines have been frequently
used for sedation before elective intu-
bations but may not be appropriate in
many cases. Midazolam is the most
commonly used medication in this cat-
egory31 in the United States, but it has
not been shown to reduce any physio-
logic changesduring intubation. In a ran-
domized, double-blind trial (stopped
after only 16 intubations because of ad-
verse events and reported in a letter to
the editor), preterm infants who re-
ceived midazolam and atropine for intu-
bationhadmoredesaturations, and 29%
required cardiopulmonary resuscitation
compared with those in the groups that
received either atropine alone or no
premedication.32 Midazolam can cause
hypotension in both preterm and term
infants,33–36 decreased cardiac output
in older children,37 and decreased ce-
rebral blood flow velocity in prema-
ture infants.33,38 The studies that dem-
onstrated these effects were not
performed as part of premedication
for intubation, and the results may not
be applicable to the circumstances ne-
cessitating endotracheal intubation.
However, kinetic studies in preterm
and term infants have shown that the
serum half-life of midazolam given as
continuous infusion or by repetitive
dosing can exceed 22 hours.38,39 Fur-
ther concern in the use of midazolam
for preterm infants is the exposure to
the preservative benzyl alcohol.40,41 For
these reasons, midazolam should not
be used in preterm infants, but it can
be considered for use in the term or
older infant as part of the premedica-
tion sequence for elective intubation in
the NICU.

Elective intubation of patients before
surgery is often accomplished with a
sedative-hypnotic agent such as a bar-
biturate and a muscle relaxant. Barbi-
turates have been used for induction
of anesthesia for decades; however,
barbiturates are poor analgesics.42

Barbiturates such as thiopental and
methohexital have a rapid onset and
short duration of action. In a random-
ized, placebo-controlled trial in term
infants, thiopental was shown to re-
duce changes in heart rate and blood
pressure during intubation and to
shorten the time to intubation.43 In a
small cohort study of term and pre-
term infants, methohexital facilitated
intubation with rapid onset within 1
minute of sedation and recovery within
10minutes.44 However, more studies are
necessary before methohexital can be
recommended for use.

Propofol is a nonbarbiturate anes-
thetic that is frequently used for induc-
tion of anesthesia in older children
and adults but has not been well eval-
uated in newborns. Propofol is li-
pophilic and rapidly equilibrates be-
tween plasma and brain with quick
loss of consciousness and also has a
short duration of action after a single-
bolus dose.25 In a randomized, con-
trolled trial in 63 premature infants,
propofol was shown to be a more ef-
fective induction agent than the mor-
phine, atropine, and suxamethonium
regimen to facilitate neonatal intuba-
tion.9 Oxygenation during intubation
was maintained better in the propofol
group and was attributed to the main-
tenance of spontaneous respiration in
infants who received propofol. Twenty-
three percent of the infants in themor-
phine, atropine, and suxamethonium
group and 6% of the infants in the
propofol group sustained intubation-
related trauma. No other adverse
events were noted in the propofol
group. Although the results of this
study are encouraging, more research
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awake intubation. This has been dem-
onstrated with both succinylcholine in
preterm infants48 and pancuronium in
preterm and term infants.18

Succinylcholine, the only depolarizing
agent in clinical use, blocks neuromus-
cular transmission by binding to the
acetylcholine receptors of the muscle
membrane and depolarizing the mem-
brane. It has both a rapid onset and a
short duration of action. In a random-
ized, controlled trial in preterm in-
fants, succinylcholine given with mor-
phine and atropine was compared
with awake intubation. This combina-
tion resulted in faster intubation with
less bradycardia and less trauma as
defined by less blood in the oral and
nasal passages.48

The nondepolarizing muscle relaxants
compete with acetylcholine for recep-
tors on the motor endplate but do not
result in depolarization of the mem-
brane. Of these agents, pancuronium
is widely used in newborns and has
few adverse effects but is slower in on-
set of action and longer acting com-
pared with the other available muscle
relaxants. Pancuronium has a vago-
lytic effect that helps minimize the re-
flex bradycardia that often accompa-
nies laryngoscopy. In a randomized,
controlled trial, infants who received
pancuronium and atropine showed
less hypoxia during intubation and
less increase in intracranial pressure
compared with infants who received
no premedication or atropine alone.18

Mivacurium, another nondepolarizing
agent, is no longer commercially avail-
able because of its adverse effect of
histamine release and associated
bronchospasm. Cisatracurium has
been introduced to replace mivacu-
rium and seems to have similar physi-
ologic effects but has not yet been
tested in a neonatal population. Vecu-
ronium and rocuronium, 2 other non-
depolarizing muscle relaxants in wide
use in pediatric anesthesia and PICUs,

are characterized by their minimal ef-
fects on blood pressure or heart rate.
Rocuronium is a metabolic derivative
of vecuronium and has quicker onset
to paralysis and shorter duration of
action compared with vecuronium.

ADVERSE EFFECTS

Concern for adverse effects has been a
barrier to implementing premedica-
tion for intubation,49 but most reports
and randomized, controlled trials have
not demonstrated serious adverse ef-
fects. A large multicenter observa-
tional study showed no increase in the
frequency of adverse effects when in-
fants were premedicated.31 When used
alone, fentanyl and other synthetic opi-
oids have been associated with acute
chest wall rigidity in both preterm and
term infants, which can significantly
impair ventilation.30 However, this ad-
verse effectmay be related to dose and
rapid delivery and can be prevented by
slow infusion of an appropriate dose
and overcome with muscle relaxant50

or reversed with naloxone.30

Succinylcholine has been reported to
have rare serious adverse effects in
children, including hyperkalemia, myo-
globinemia, and cardiac arrhythmias.
Atropine seems to protect against bra-
dyarrhythmias induced by succinyl-
choline.51 Hyperkalemia is also un-
likely, becausemarked elevations have
been reported only in clinical circum-
stances associated with significant tis-
sue destruction.51 Succinylcholine is a
known trigger of malignant hyperther-
mia, a skeletal muscle disorder inher-
ited as an autosomal dominant trait.
The incidence of malignant hyperther-
mia is estimated to be 0.4 to 0.5 in
10 000 in the general population.52 Di-
agnosis and management of malig-
nant hyperthermia is beyond the scope
of this report. Succinylcholine should
not be used in the presence of hyper-
kalemia and/or a family history of ma-
lignant hyperthermia.53

confirming these initial findings is nec-
essary before propofol can be recom-
mended as a single premedication 
agent for neonatal intubation. Propofol 
can only be administered intrave-
nously, and pain at the site of injection 
that may sometimes be moderately se-
vere has been reported with intrave-
nous injection of propofol in 10% to 
20% of patients.45

Vagolytic Agents
Vagolytic agents prevent bradycardia 
during intubation and decrease bron-
chial and salivary secretions but are 
infrequently used for neonatal intuba-
tion.46 One reason for their sparse use 
has been the concern that vagolytic 
agents mask hypoxia-induced brady-
cardia during intubation; however, 
most episodes of bradycardia during 
intubation are secondary to vagal 
stimulation, not hypoxia. Glycopyrro-
late and atropine are both effective va-
golytic agents, and although they have 
not been directly compared in neo-
nates, they have been studied in in-
fants and children. In a randomized, 
controlled trial in 90 older infants and 
children that compared the use of gly-
copyrrolate and atropine at anesthetic 
induction, none had bradycardia, but 
more subjects who received atropine 
developed sinus tachycardia than 
those who received glycopyrrolate.47 
Glycopyrrolate is widely used in pediat-
ric intensive care and anesthesia; how-
ever, its pharmacokinetics in small 
preterm infants is not known.

Muscle Relaxants
The ideal muscle relaxant for intuba-
tion would have a rapid onset, short 
duration of action, and minimal or no 
deleterious effect on heart rate and 
blood pressure. None of the currently 
available agents meet all these criteria 
for neonates, but use of a muscle re-
laxant to facilitate intubation can elim-
inate or minimize the increase in intra-
cranial pressure that occurs during



327PREMEDICATION FOR NONEMERGENCY ENDOTRACHEAL INTUBATION IN THE NEONATE

CLINICAL CIRCUMSTANCES FOR
INTUBATION WITHOUT
PREMEDICATION

Intubation without premedication may
be acceptable during resuscitation or
after acute deterioration or critical ill-
ness at a later age. The risk/benefit ra-
tio may also support intubation with-
out premedication in infants with upper
airway anomalies such as Pierre Robin
sequence. Intubation of infants with se-
verely abnormal airways can be difficult,
and the infant’s own respiratory effort
may be essential for maintaining an
open airway. If intubation attempts are
unsuccessful in these infants, the use of
laryngeal mask airway (LMA) or antici-
patory transfer to a center with a team
of personnel, including a neonatologist,
pediatric otolaryngologist, and pediatric
anesthesiologist, experienced in man-
aging infants with structurally abnor-
mal airways should be considered. It is
important to note that LMA is a tempo-
rary airway device and should be used
only as a last resort while preparations
for a secure airway are in progress.
One might also consider the use of a
fiber-optic bronchoscope for intubation
if personnel experienced in its use are
available.54

GAPS IN KNOWLEDGE

Many unanswered questions remain
regarding the practice of premedica-
tion for nonemergent intubation in the
newborn.

● The optimal pharmaceutical agents
have not been developed for use in
newborns, and appropriate drug
doses of currently available agents
based on gestational age are cur-
rently unknown.

● The pharmacokinetic and pharma-
codynamic characteristics of many

drugs used in premedication have
not been well studied in newborns.

● An ideal combination and/or se-
quence of premedications have not
been established.

● Alternative routes of administration
of premedications have not been
systematically studied.

● Long-term benefits and adverse ef-
fects of premedications are unknown.

Further research must continue to an-
swer these and other questions.

CLINICAL IMPLICATIONS

● Preparation should include having
appropriate equipment such as
an oxygen source, appropriately
sized bags, face masks, endotra-
cheal tubes, stylet, laryngoscope, and
suction.

● All support staff assisting with the
procedure should have clearly pre-
assigned responsibilities during
the procedure.

● Infants should have cardiorespira-
tory, oxygen saturation, and non-
invasive blood pressure monitoring
during nonemergent intubation,
and an end-tidal carbon dioxide de-
tector should be available. Intra-
venous access should preferably be
established, and the stomach
should be decompressed.

● All personnel who intubate neo-
nates should acquire training with
LMAs, because this device may
prove to be an effective bridge to
intubation in some cases in which
bag-mask ventilation is subopti-
mal.55,56 Appropriately sized LMAs
should be available for all intuba-
tions, particularly when any diffi-
culty is anticipated. LMAs have been

used successfully in late-preterm
and term newborns weighing more
than 2500 g.

● Individuals who perform intuba-
tions should be experienced in the
use of bag-mask ventilation and be
knowledgeable about the effects of
the procedure of laryngoscopy and
intubation, as well as risks and ben-
efits of premedications. Ascertain-
ment of appropriate endotracheal
tube position immediately after in-
tubation should be done by auscul-
tation and end-tidal carbon dioxide
monitoring.

● Except for emergent intubation dur-
ing resuscitation either in the deliv-
ery room or after acute deteriora-
tion or critical illness at a later age,
premedication should be used for
all endotracheal intubations in new-
borns. Medications with rapid onset
and short duration of action are
preferable (Table 1).

● Analgesic agents or anesthetic
dose of a hypnotic drug should be
given.

● Vagolytic agents and rapid-onset
muscle relaxants should be
considered.

● Use of sedatives alone such as
benzodiazepines without analge-
sic agents should be avoided.

● A muscle relaxant without an an-
algesic agent should not be used.

● Each unit should develop protocols
and lists of preferred medications
to improve compliance and mini-
mize medication errors and ad-
verse effects.

● For circumstances in which intra-
venous access is not available, al-
ternative routes such as intra-
muscular administration can be
considered.
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TABLE 1 Medications for Premedication for Nonemergency Intubation

Drug Route/Dose Onset of
Action

Duration of
Action

Common Adverse Effects Commentsa

Analgesic
Fentanyl IV or IMb/1–4

�g/kg
IV, almost
immediate;
IM, 7–15
min

IV, 30–60
min; IM,
1–2 h

Apnea, hypotension, CNS
depression, chest wall rigidity

Preferred analgesic
Effects reversible with naloxone
Give slowly (preferably over 3–5 min, at least over
1–2 min) to avoid chest wall rigidity
Chest wall rigidity can be treated with naloxone
and muscle relaxants

Remifentanil IV/1–3 �g/kg IV, almost
immediate

IV, 3–10
min

Apnea, hypotension, CNS
depression, chest wall rigidity

Acceptable analgesic
May repeat in 2–3
min if needed

Short duration of action and limited experience in
neonates
Effects reversible with naloxone
Give slowly over 1–2 min to avoid chest wall rigidity
Chest wall rigidity can be treated with naloxone
and muscle relaxants

Morphine IV or IM/0.05–0.1
mg/kg

IV, 5–15 min;
IM, 10–30
min

IV, 3–5 h;
IM, 3–5 h

Apnea, hypotension, CNS
depression

Acceptable analgesic agent
Use only if other opioids are not available; if
selected, must wait at least 5 min for onset of
action
Effects reversible with naloxone

Hypnotic/sedative
Midazolam IV or IM/0.05–0.1

mg/kg
IV, 1–5 min;
IM, within
5–15 min

IV, 20–30
min; IM,
1–6 h

Apnea, hypotension, CNS
depression

Acceptable sedative for use in term infants in
combination with analgesic agents
Hypotension more likely when used in combination
with fentanyl
Not recommended in premature infants
Effects reversible with flumazenil

Thiopental IV/3–4 mg/kg IV, 30–60 s IV, 5–30
min

Histamine release, apnea,
hypotension, bronchospasm

Acceptable hypnotic agent
Hypotension more likely when used in combination
with fentanyl and/or midazolam

Propofol IV/2.5 mg/kg Within 30 s 3–10 min Histamine release, apnea,
hypotension, bronchospasm,
bradycardia; often causes
pain at injection site

Acceptable hypnotic agent
Limited experience in newborns
Neonatal dosing has not been well established

Muscle relaxant
Pancuronium IV/0.05–0.10 mg/kg 1–3 min 40–60 min Mild histamine release,

hypertension, tachycardia,
bronchospasm, excessive
salivation

Acceptable muscle relaxant
Relatively longer duration of action
Effects reversible with atropine and neostigmine

Vecuronium IV/0.1 mg/kg 2–3 min 30–40 min Mild histamine release,
hypertension/hypotension,
tachycardia, arrhythmias,
bronchospasm

Preferred muscle relaxant
Effects reversible with atropine and neostigmine

Rocuronium IV/0.6–1.2 mg/kg 1–2 min 20–30 min Mild histamine release,
hypertension/hypotension,
tachycardia, arrhythmias,
bronchospasm

Preferred muscle relaxant
Effects reversible with atropine and neostigmine

Succinylcholine IV/1–2 mg/kg; IMb/2
mg/kg

IV, 30–60 s;
IM, 2–3
min

IV, 4–6 min;
IM, 10–
30 min

Hypertension/hypotension,
tachycardia, arrhythmias,
bronchospasm, hyperkalemia,
myoglobinemia, malignant
hyperthermia

Acceptable muscle relaxant
Contraindicated in presence of hyperkalemia and
family history of malignant hyperthermia

Vagolytic
Atropine IV or IM/0.02 mg/kg 1–2 min 0.5–2 h Tachycardia, dry hot skin Preferred vagolytic agent
Glycopyrrolate IV/4–10 �g/kg 1–10 min �6 h Tachycardia, arrhythmias,

bronchospasm
Acceptable vagolytic agent
Limited experience in newborns
Contains benzyl alcohol as preservative

Most of these drugs have limited pharmacokinetics data from newborns and are not approved for use in the newborn, but they have been used in newborns. IV indicates intravenously; IM,
intramuscularly; CNS, central nervous system.
a Preferred and acceptable designation of medications is based on consensus opinion after review of available evidence.
b Consider only if no intravenous access.
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abstractThe prevention of pain in neonates should be the goal of all pediatricians and 
health care professionals who work with neonates, not only because it is 
ethical but also because repeated painful exposures have the potential for 
deleterious consequences. Neonates at greatest risk of neurodevelopmental 
impairment as a result of preterm birth (ie, the smallest and sickest) are 
also those most likely to be exposed to the greatest number of painful 
stimuli in the NICU. Although there are major gaps in knowledge regarding 
the most effective way to prevent and relieve pain in neonates, proven 
and safe therapies are currently underused for routine minor, yet painful 
procedures. Therefore, every health care facility caring for neonates 
should implement (1) a pain-prevention program that includes strategies 
for minimizing the number of painful procedures performed and (2) a pain 
assessment and management plan that includes routine assessment of pain, 
pharmacologic and nonpharmacologic therapies for the prevention of pain 
associated with routine minor procedures, and measures for minimizing 
pain associated with surgery and other major procedures.

Previous guidance from the American Academy of Pediatrics (AAP) 
and the Canadian Pediatric Society addressed the need to assess 
neonatal pain, especially during and after diagnostic and therapeutic 
procedures.1,2 These organizations also provided recommendations 
on preventing or minimizing pain in newborn infants and treating 
unavoidable pain promptly and adequately.1,2 This statement updates 
previous recommendations with new evidence on the prevention, 
assessment, and treatment of neonatal procedural pain.

BACKGROUND

Neonates are frequently subjected to painful procedures, with the most 
immature infants receiving the highest number of painful events.3–5 
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and Management of Procedural Pain in the Neonate: An 
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Despite recommendations from the 
AAP and other experts, neonatal 
pain continues to be inconsistently 
assessed and inadequately 
managed.2,3 A large prospective 
study from France in 2008 found 
that specific pharmacologic or 
nonpharmacologic analgesia was 
given before painful procedures in 
only 21% of infants, and ongoing 
analgesia was given in an additional 
34%.3 Thus, infants received 
analgesia for approximately half of 
the procedures performed, with wide 
variation among facilities.

The prevention and alleviation 
of pain in neonates, particularly 
preterm infants, is important not 
only because it is ethical but also 
because exposure to repeated painful 
stimuli early in life is known to 
have short- and long-term adverse 
sequelae. These sequelae include 
physiologic instability, altered 
brain development, and abnormal 
neurodevelopment, somatosensory, 
and stress response systems, which 
can persist into childhood.5–15 
Nociceptive pathways are active 
and functional as early as 25 weeks’ 
gestation and may elicit a generalized 
or exaggerated response to noxious 
stimuli in immature newborn 
infants.16

Researchers have demonstrated that 
a procedure-related painful stimulus 
that results in increased excitability 
of nociceptive neurons in the dorsal 
horn of the spinal cord accentuates 
the infant’s sensitivity to subsequent 
noxious and nonnoxious sensory 
stimuli (ie, sensitization).17,18 This 
persistent sensory hypersensitivity 
can be physiologically stressful, 
particularly in preterm infants.19–22 
Investigators have demonstrated 
increased stress-related markers 
and elevated free radicals after even 
simple procedures, such as routine 
heel punctures or tape removal from 
central venous catheters,23,24 which 
can adversely affect future pain 
perception.8 Specific cortical pain 
processing occurs even in preterm 

infants; however, multiple factors 
interact to influence the nociceptive 
processing and/or behavioral 
responses to pain.14,16,25–27 Noxious 
stimuli activate these signaling 
pathways but also activate the central 
inhibitory circuits, thus altering the 
balance between the excitatory and 
inhibitory feedback mechanisms. 
The immaturity of the dorsal horn 
synaptic connectivity and descending 
inhibitory circuits in neonates 
results in poor localization and 
discrimination of sensory input and 
poor noxious inhibitory modulation, 
thus facilitating central nervous 
system sensitization to repeated 
noxious stimuli.25

ASSESSMENT OF PAIN AND STRESS IN 
THE NEONATE

Reliable neonatal pain assessment 
tools are essential for the rating 
and management of neonatal pain, 
and their use has been strongly 
recommended by the AAP and by 
international researchers, including 
the International Evidence-Based 
Group for Neonatal Pain.1,2,28 
However, the effective management 
of pain in the neonate remains 
problematic because of the inability 
of the infant to report his or her own 
pain and the challenges of assessing 
pain in extremely premature, ill, 
and neurologically compromised 
neonates.29 Thus, pain assessment 
tools reflect surrogate measures of 
physiologic and behavioral responses 
to pain. Although numerous neonatal 
pain scales exist (Table 1), only 5 
pain scales have been subjected to 
rigorous psychometric testing with 
the patients serving as their own 
controls, measuring their physiologic 
and behavioral responses by using 
the scale in question (Neonatal 
Facial Coding System,30,31 Premature 
Infant Pain Profile [PIPP],32–34 
Neonatal Pain and Sedation Scale,35,36 
Behavioral Infant Pain Profile,37 and 
Douleur Aiguë du Nouveau-né38). 
Many of the current pain assessment 
tools have been tested against 

existing or newly developed tools 
and against each other to determine 
which is more reliable for a particular 
population and application, but more 
research is needed.29,39

Contextual factors such as gestational 
age and behavioral state may play a 
significant role in pain assessment 
and are beginning to be included 
in some assessment tools (eg, 
the PIPP-Revised).40,41 New and 
emerging technologies to measure 
pain responses, such as near-infrared 
spectroscopy, amplitude-integrated 
electroencephalography, functional 
MRI, skin conductance, and heart 
rate variability assessment, are being 
investigated.53,54 These innovations 
hold promise in the development 
of neurophysiologically based 
methods for assessing noxious 
stimuli processing at the cortical 
level in neonates while they are 
awake, sedated, or anesthetized. If 
the neurophysiologic measures prove 
to be reliable and quantifiable, these 
measures could be used in the future 
to simultaneously correlate with 
the physiologic and behavioral pain 
assessment scales to determine the 
most clinically useful tool(s).

Many of the tools developed to 
measure acute pain in neonates 
are multidimensional in nature and 
include a combination of physiologic 
and behavioral signs. These tools 
were most commonly developed 
to assess unventilated infants; 
only a few scales are validated 
to assess pain in infants who are 
ventilated through an endotracheal 
tube or receiving nasal continuous 
positive airway pressure.42,55 
Recently, investigators reported 
that 2 behaviorally based, one-
dimensional pain assessment tools 
(the Behavioral Indicators of Infant 
Pain and the Neonatal Facial Coding 
System) were more sensitive in 
detecting behavioral cues related 
to pain in term neonates than the 
PIPP.56

It is unlikely that a single, 
comprehensive pain assessment 
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tool will be satisfactory for assessing 
neonatal pain for all situations and 
in infants of all gestational ages,39,57 
although initial validation studies 
have been published for the PIPP-
Revised in infants with a gestational 
age of 25 to 41 weeks.40,41 More 
research needs to be performed to 
assess the intensity of both acute 
and chronic pain at the bedside, to 
differentiate signs and symptoms 
of pain from those attributable to 
other causes, and to understand 
the significance of situations when 
there is no perceptible response to 
pain.40,41 However, even with those 
limitations, one can use the available 
evidence to choose a pain assessment 
tool that is appropriate for the type 
of pain assessed (acute, prolonged, 
postoperative) and advocate for the 
competency of the neonatal care 
provider team with the specific use 
of that tool.58 Table 1 lists commonly 
used pain assessment tools and the 
evidence used to test them.

NONPHARMACOLOGIC TREATMENT 
STRATEGIES

Pediatricians and health care 
professionals who work with 
neonates have the difficult task of 
balancing the need for appropriate 
monitoring, testing, and treatment 
versus minimizing pain and stress 
to the patient. Nonpharmacologic 
strategies for pain management, 
such as swaddling combined with 
positioning, facilitated tucking 
(holding the infant in a flexed 
position with arms close to the trunk) 
with or without parental assistance, 
nonnutritive sucking, and massage, 
have all shown variable effectiveness 
in reducing pain and/or stress-
related behaviors related to mild 
to moderately painful or stressful 
interventions.59–63 A meta-analysis 
of 51 studies of nonpharmacologic 
interventions used during heel 
lance and intravenous catheter 
insertion found that sucking-related 
and swaddling/facilitated-tucking 
interventions were beneficial for 

preterm neonates and that sucking-
related and rocking/holding 
interventions were beneficial for 
term neonates, but that no benefit 
was evident among older infants.64

Skin-to-skin care (SSC), with 
or without sucrose or glucose 
administration, has been shown to 
decrease some measures of pain 
in preterm and term infants.65 An 
analysis of 19 studies examining the 
effects of SSC on neonatal pain caused 
by single needle-related procedures 
found no statistical benefit for 
physiologic indicators of pain but 
did show benefit for composite 
pain score items.65 However, 
some investigators have reported 
decreased cortisol concentrations 
and decreased autonomic indicators 
of pain in preterm infants during 
SSC, suggestive of a physiologic 
benefit.66,67

The effects of breastfeeding on 
pain response have also been 
investigated. A Cochrane systematic 
review published in 2012 found that 
breastfeeding during a heel lance or 
venipuncture was associated with 
significantly lower pain responses 
in term neonates (eg, smaller 
increases in heart rate and shorter 
crying time), compared with other 
nonpharmacologic interventions such 
as positioning, rocking, or maternal 
holding. Breastfeeding showed 
similar effectiveness to oral sucrose 
or glucose solutions.68 This meta-
analysis of 20 randomized controlled 
trials (RCTs)/quasi-RCTs also found 
that providing supplemental human 
milk via a pacifier or syringe seems to 
be as effective as providing sucrose 
or glucose for pain relief in term 
neonates.

Sensorial stimulation (SS), a method 
of gently stimulating the tactile, 
gustatory, auditory, and visual 
systems simultaneously, has shown 
effectiveness at decreasing pain 
during minor procedures such as 
heel lance.69 SS is achieved by looking 
at and gently talking to the infant, 
while stroking or massaging the face 

or back, and providing oral sucrose 
or glucose solution before a painful 
procedure. A systematic review of 
16 studies found that SS was more 
effective than sucrose when all 
elements of SS were used,69 and 1 
study suggested that SS may play an 
important role in nonpharmacologic 
management of procedural pain for 
neonates.70

PHARMACOLOGIC TREATMENT 
STRATEGIES

Sucrose and Glucose

Oral sucrose is commonly used 
to provide analgesia to infants 
during mild to moderately painful 
procedures. It has been extensively 
studied for this purpose, yet 
many gaps in knowledge remain, 
including appropriate dosing, 
mechanism of action, soothing versus 
analgesic effects, and long-term 
consequences.71–73 A meta-analysis 
of 57 studies including >4730 infants 
with gestational ages ranging from 25 
to 44 weeks concluded that sucrose 
is safe and effective for reducing 
procedural pain from a single event.74

Maximum reductions in physiologic 
and behavioral pain indicators 
have been noted when sucrose 
was administered ∼2 minutes
before a painful stimulus, and the 
effects lasted ∼4 minutes.74–76

Procedures of longer duration, such 
as ophthalmologic examinations or 
circumcision, may require multiple 
doses of sucrose to provide continual 
analgesic effect.76 In animal studies, 
the analgesic effects of sucrose 
appear to be a sweet-taste-mediated 
response of opiate, endorphin, and 
possibly dopamine or acetylcholine 
pathways; however, the mechanism 
of action is not well understood in 
human neonates.72,77–81 An additive 
analgesic effect has been noted when 
sucrose is used in conjunction with 
other nonpharmacologic measures, 
such as nonnutritive sucking and 
swaddling, especially for procedures 
such as ophthalmologic examinations 
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and immunizations.74,78 Although 
the evidence that oral sucrose 
alleviates procedurally related pain 
and stress, as judged by clinical 
pain scores, appears to be strong, 
a small RCT found no difference in 
either nociceptive brain activity on 
electroencephalography or spinal 
nociceptive reflex withdrawal on 
electromyography between sucrose 
or sterile water administered to term 
infants before a heel lance.73 This 
masked study did find, however, that 
clinical pain scores were decreased 
in the infants receiving sucrose, and 
several methodologic concerns limit 
the conclusions that can be drawn 
from the trial.74

Sucrose use is common in most 
nurseries; however, doses vary 
widely.82 Although an optimal dose 
has not been determined,74 an oral 
dose of 0.1 to 1 mL of 24% sucrose 
(or 0.2–0.5 mL/kg) 2 minutes 
before a painful procedure has been 
recommended, taking into account 
gestational age, severity of illness, 
and procedure to be performed.71 
The role and safety of long-term 
sucrose use for persistent, ongoing 
pain have not been systematically 
studied. One study in 107 preterm 
infants of <31 weeks’ gestation found 
worse neurodevelopmental scores 
at 32, 36, and 40 weeks’ gestational 
age in infants who had received >10 
doses of sucrose over a 24-hour 
period in the first week of life, raising 
concerns about frequent dosing in 
newly born preterm infants.83,84 
In addition, 1 infant in that study 
developed hyperglycemia coincident 
with frequent sucrose dosing, 
which may have been related to the 
sucrose or to subsequently diagnosed 
sepsis.83 When sucrose is used as a 
pain management strategy, it should 
be prescribed and tracked as a 
medication. More research is needed 
to better understand the effects of 
sucrose use for analgesia.71,81,84

Glucose has also been found to be 
effective in decreasing response 
to brief painful procedures. A 

meta-analysis of 38 RCTs that 
included 3785 preterm and 
term neonates found that the 
administration of 20% to 30% 
glucose solutions reduced pain scores 
and decreased crying during heel 
lance and venipuncture compared 
with water or no intervention. The 
authors concluded that glucose 
could be used as an alternative 
to sucrose solutions, although no 
recommendations about dose or 
timing of administration could be 
made.85 As described for sucrose, 
however, glucose may not be 
effective for longer procedures. For 
example, an RCT found no effect of 
glucose on pain response during 
ophthalmologic examinations.86

Opioids, Benzodiazepines, and Other 
Drugs

The most common pharmacologic 
agents used for pain relief in 
newborns are opioids, with 
fentanyl and morphine most often 
used, especially for persistent 
pain. Analgesics and sedatives are 
known to be potent modulators 
of several G-protein–linked 
receptor signaling pathways in the 
developing brain that are implicated 
in the critical regulation of neural 
tissue proliferation, survival, and 
differentiation. Studies of appropriate 
dosing and long-term effects of 
these analgesics given during the 
neonatal period are woefully lacking 
and/or conflicting.87,88 However, 
in their absence, it remains critical 
to achieve adequate pain control in 
newborns, both as an ethical duty 
and because painful experiences in 
the NICU can have long-term adverse 
effects.7,10,19,20,89

Studies evaluating pharmacologic 
prevention and treatment of mild to 
moderate pain have generally been 
limited to a specific procedure such 
as intubation. The AAP recommends 
routine pain management during 
procedures such as circumcision,90 
chest drain insertion and removal,2 
and nonemergency intubations.91 

However, effective management 
strategies for pain and sedation 
during mechanical ventilation remain 
elusive. A recent systematic review 
reported limited favorable effect with 
selective rather than routine use of 
opioids for analgesia in mechanically 
ventilated infants.92 Concerns have 
been raised for adverse short- and 
long-term neurodevelopmental 
outcomes related to the use of 
morphine infusions in preterm 
neonates.92,93 However, a follow-up 
study in ninety 8- to 9-year-olds who 
had previously participated in 1 RCT 
comparing continuous morphine 
infusion with placebo found that 
low-dose morphine infusion did 
not affect cognition or behavior and 
may have had a positive effect on 
everyday executive functions for 
these children.87

A 2008 Cochrane systematic 
review found insufficient evidence 
to recommend the routine use of 
opioids in mechanically ventilated 
infants.94 Although there appeared 
to be a reduction in pain, there were 
no long-term benefits favoring the 
treatment groups; and concerns for 
adverse effects, such as respiratory 
depression, increase in the duration 
of mechanical ventilation, and 
development of dependence and 
tolerance, were raised. Other short-
term physiologic adverse effects 
of concern included hypotension, 
constipation, and urinary retention 
for morphine and bradycardia and 
chest wall rigidity for fentanyl.94 
Remifentanil, a shorter-acting 
fentanyl derivative, may be an 
alternative for short-term procedures 
and surgeries because it is not 
cleared by liver metabolism, but 
there are no studies examining its 
long-term effects.95,96

Benzodiazepines, most commonly 
midazolam, are frequently used in the 
NICU for sedation. However, because 
there is evidence of only minor 
additional analgesic effect, they may 
not provide much benefit. These 
agents can potentiate the respiratory 
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depression and hypotension 
that can occur with opioids, and 
infants receiving them should be 
carefully monitored.97 Midazolam 
was associated with adverse 
short-term effects in the NOPAIN 
(Neonatal Outcome and Prolonged 
Analgesia in Neonates) trial.98 A 
systematic review in 2012 found 
insufficient evidence to recommend 
midazolam infusions for sedation 
in the NICU and raised safety 
concerns, particularly regarding 
neurotoxicity.97

Alternative medications, such as 
methadone,99 ketamine, propofol, 
and dexmedetomidine, have been 
proposed for pain management 
in neonates; however, few, if any, 
studies of these agents have been 
performed in this population, and 
caution should be exercised when 
considering them for use because 
of concerns about unanticipated 
adverse effects and potential 
neurotoxic effects.100 Although the 
potential benefits of using methadone 
for the treatment of neonatal pain 
include satisfactory analgesic effects 
and enteral bioavailability as well as 
prolonged duration of action related 
to its long half-life and lower expense 
compared with other opiates, safe 
and effective dosing regimens have 
yet to be developed.101 Ketamine 
is a dissociative anesthetic that, 
in lower doses, provides good 
analgesia, amnesia, and sedation.102 
Although ketamine has been well 
studied in older populations, further 
research is needed to establish 
safety profiles for use in neonates 
because of concerns regarding 
possible neurotoxicity.103 Propofol 
has been used for short procedural 
sedation in children because of 
its rapid onset and clearance. The 
clearance of propofol in the neonatal 
population is inversely related to 
postmenstrual age, with significant 
variability in its pharmacokinetics 
in preterm and term neonates.104 
It has also been associated with 
bradycardia, desaturations, and 

prolonged hypotension in newborn 
infants.105 Limited experience 
with dexmedetomidine in preterm 
and term infants suggests that it 
may provide effective sedation 
and analgesia. Preliminary 
pharmacokinetic data showed 
decreased clearance in preterm 
infants compared with term infants 
and a favorable safety profile over a 
24-hour period.106

The use of oral or intravenous 
acetaminophen has been limited 
to postoperative pain control. 
Although intravenous acetaminophen 
has not been approved by the US 
Food and Drug Administration, 
preliminary data on its safety and 
efficacy are promising in neonates 
and infants and it may decrease the 
total amount of morphine needed 
to treat postoperative pain.107–109 
Nonsteroidal antiinflammatory 
medication use has been restricted 
to pharmacologic closure of 
patent ductus arteriosus because 
of concerns regarding renal 
insufficiency, platelet dysfunction, 
and the development of pulmonary 
hypertension.110 An animal study 
suggests that cyclooxygenase-1 
inhibitors are less effective in 
immature compared with mature 
animals, probably because of 
decreased cyclooxygenase-1 receptor 
expression in the spinal cord.110 
This decrease in receptor expression 
may explain the lack of efficacy of 
nonsteroidal antiinflammatory drugs 
in human infants.111

Topical Anesthetic Agents

Topical anesthesia may provide 
pain relief during some procedures. 
The most commonly studied 
and used topical agents in the 
neonatal population are tetracaine 
gel and Eutectic Mixture of Local 
Anesthetics (EMLA), a mixture of 
2.5% lidocaine and 2.5% prilocaine. 
These agents have been found to 
decrease measures of pain during 
venipuncture, percutaneous central 
venous catheter insertion, and 

peripheral arterial puncture.112–114 
EMLA did not decrease pain-related 
measures during heel lance113 but 
may decrease pain measures during 
lumbar puncture,115 particularly if 
the patient is concurrently provided 
with oral sucrose or glucose 
solution.116 Concerns related to the 
use of topical anesthetics include 
methemaglobinemia, prolonged 
application times to allow absorption 
for optimal effectiveness, local skin 
irritation, and toxicity, especially in 
preterm infants.117,118

CONCLUSIONS AND 
RECOMMENDATIONS

In summary, there are significant 
research gaps regarding the 
assessment, management, and 
outcomes of neonatal pain; and 
there is a continuing need for studies 
evaluating the effects of neonatal 
pain and pain-prevention strategies 
on long-term neurodevelopmental, 
behavioral, and cognitive outcomes. 
The use of pharmacologic treatments 
for pain prevention and management 
in neonates continues to be 
hampered by the paucity of data on 
the short- and long-term safety and 
efficacy of these agents. At the same 
time, repetitive pain in the NICU 
has been associated with adverse 
neurodevelopmental, behavioral, 
and cognitive outcomes, calling for 
more research to address gaps in 
knowledge.5,8,22,89,119–122 Despite 
incomplete data, the pediatrician 
and other health care professionals 
who care for neonates face the need 
to weigh both of these concerns in 
assessing pain and the need for pain 
prevention and management on a 
continuing basis throughout the 
infant’s hospitalization.

Recommendations

1. Preventing or minimizing pain
in neonates should be the goal
of pediatricians and other health
care professionals who care
for neonates. To facilitate this
goal, each institution should
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have written guidelines, based 
on existing and emerging 
evidence, for a stepwise pain-
prevention and treatment plan, 
which includes judicious use of 
procedures, routine assessment 
of pain, use of both pharmacologic 
and nonpharmacologic therapies 
for the prevention of pain 
associated with routine minor 
procedures, and effective 
medications to minimize pain 
associated with surgery and other 
major procedures.

2. Despite the significant
challenges of assessing pain
in this population, currently
available, validated neonatal
pain assessment tools should be
consistently used before, during,
and after painful procedures to
monitor the effectiveness of pain
relief interventions. In addition,
the need for pain prevention and
management should be assessed
on a continuing basis throughout
the infant’s hospitalization.

3. Nonpharmacologic strategies,
such as facilitated tucking,
nonnutritive sucking, provision
of breastfeeding or providing
expressed human milk, or SS
have been shown to be useful in
decreasing pain scores during
short-term mild to moderately
painful procedures and should be
consistently used.

4. Oral sucrose and/or glucose
solutions can be effective in
neonates undergoing mild to
moderately painful procedures,
either alone or in combination
with other pain relief strategies.
When sucrose or glucose is used
as a pain management strategy, it
should be prescribed and tracked
as a medication; evidence-based
protocols should be developed
and implemented in nurseries,
and more research should be
conducted to better understand
the effects of sucrose use for
analgesia.

5. The pediatrician and other health
care professionals who care for
neonates must weigh potential
and actual benefits and burdens
when using pharmacologic
treatment methods based
on available evidence. Some
medications can potentiate the
respiratory depression and
hypotension that can occur with
opioids, and infants receiving
them should be carefully
monitored. Caution should be
exercised when considering
newer medications for which
data in neonates are sparse or
nonexistent.

6. Pediatricians, other neonatal
health care providers, and
family members should receive
continuing education regarding
the recognition, assessment, and
management of pain in neonates,
including new evidence as it
becomes available.

7. To address the gaps in knowledge,
more research should be
conducted on pain assessment
tools and pharmacologic and
nonpharmacologic strategies
to prevent or ameliorate pain.
Studies on pharmacokinetics and
pharmacodynamics of newer
medications are needed to prevent
therapeutic misadventures in
the most vulnerable patients in
pediatric practice.
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abstractSkin-to-skin care (SSC) and rooming-in have become common practice in the 
newborn period for healthy newborns with the implementation of maternity 
care practices that support breastfeeding as delineated in the World Health 
Organization’s “Ten Steps to Successful Breastfeeding.” SSC and rooming-in 
are supported by evidence that indicates that the implementation of these 
practices increases overall and exclusive breastfeeding, safer and healthier 
transitions, and improved maternal-infant bonding. In some cases, however, 
the practice of SSC and rooming-in may pose safety concerns, particularly 
with regard to sleep. There have been several recent case reports and case 
series of severe and sudden unexpected postnatal collapse in the neonatal 
period among otherwise healthy newborns and near fatal or fatal events 
related to sleep, suffocation, and falls from adult hospital beds. Although 
these are largely case reports, there are potential dangers of unobserved 
SSC immediately after birth and throughout the postpartum hospital period 
as well as with unobserved rooming-in for at-risk situations. Moreover, 
behaviors that are modeled in the hospital after birth, such as sleep 
position, are likely to infl uence sleeping practices after discharge. Hospitals 
and birthing centers have found it diffi cult to develop policies that will 
allow SSC and rooming-in to continue in a safe manner. This clinical report 
is intended for birthing centers and delivery hospitals caring for healthy 
newborns to assist in the establishment of appropriate SSC and safe sleep 
policies.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

INTRODUCTION

Defi nition of Skin-to-Skin Care and Rooming-In

Skin-to-skin care (SSC) is defined as the practice of placing infants in 
direct contact with their mothers or other caregivers with the ventral 
skin of the infant facing and touching the ventral skin of the mother/

To cite: Feldman-Winter L, Goldsmith JP, AAP COMMITTEE ON 
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caregiver (chest-to-chest). The infant 
is typically naked or dressed only in 
a diaper to maximize the surface-to-
surface contact between mother/
caregiver and the infant, and the 
dyad is covered with prewarmed 
blankets, leaving the infant’s head 
exposed. SSC is recommended for all 
mothers and newborns, regardless 
of feeding or delivery method, 
immediately after birth (as soon 
as the mother is medically stable, 
awake, and able to respond to her 
newborn) and to continue for at 
least 1 hour, as defined by the World 
Health Organization’s (WHO’s) “Ten 
Steps to Successful Breastfeeding.” 1,  2 
SSC is also a term used to describe 
continued holding of the infant in 
the manner described above and 
beyond the immediate delivery 
period and lasting throughout 
infancy, whenever the mother/
caregiver and infant have the 
opportunity. For mothers planning 
to breastfeed, SSC immediately 
after delivery and continued 
throughout the postpartum 
period also involves encouraging 
mothers to recognize when their 
infants are ready to breastfeed and 
providing help if needed. 2 Additional 
recommendations by the WHO, as 
part of the Baby-Friendly Hospital 
Initiative and endorsed by the 
American Academy of Pediatrics 
(AAP) in 2009, include the following 
specifications for the period of time 
immediately after delivery: routine 
procedures such as assessments and 
Apgar scores are conducted while 
SSC is underway, and procedures that 
may be painful or require separation 
should be delayed until after the 
first hour; if breastfeeding, these 
procedures should occur after the 
first breastfeeding is completed. 3 
The AAP further delineates that 
the administration of vitamin K 
and ophthalmic prophylaxis can 
be delayed for at least 1 hour and 
up to 4 hours after delivery. The 
Baby-Friendly Hospital Initiative 
encourages continued SSC 

throughout the hospital stay while 
rooming-in.4

Unless there is a medical reason for 
separation, such as resuscitation, SSC 
may be provided for all newborns. 
In the case of cesarean deliveries, 
SSC may also be provided when the 
mother is awake and able to respond 
to her infant. In some settings, SSC 
may be initiated in the operating 
room following cesarean deliveries, 
while in other settings SSC may begin 
in the recovery room. SSC for healthy 
newborns shall be distinguished 
from “kangaroo care” in this clinical 
report, because the latter applies 
to preterm newborns or infants 
cared for in the NICU. 5 This report 
is intended for mothers and infants 
who are well, are being cared for in 
the routine postpartum or mother-
infant setting, and have not required 
resuscitation. Although sick or 
preterm newborns may benefit from 
SSC, this review is intended only for 
healthy term newborns. Late preterm 
infants (defined as a gestational age 
of 34–37 weeks) may also benefit 
from early SSC but are at increased 
risk of a number of early neonatal 
morbidities. 6

Rooming-in is defined as allowing 
mothers and infants to remain 
together 24 hours per day while in 
the delivery hospital. This procedure 
is recommended for all mothers and 
their healthy newborns, regardless 
of feeding or delivery method, and 
in some cases applies to older late 
preterm (>35 weeks’ gestation) or 
early term (37–39 weeks’ gestation) 
newborns who are otherwise 
healthy and receiving routine care, 
who represent up to 70% of this 
population. 7 Mothers are expected to 
be more involved with routine care, 
such as feeding, holding, and bathing. 
Newborns may remain with their 
mothers unless there is a medical 
reason for separation for either the 
mother or the infant. Procedures 
that can be performed at the bedside 
can be performed while the infant is 
preferably being held skin-to-skin or 

at least in the room with the mother. 
Being held skin-to-skin by the mother 
has been shown to decrease pain 
in newborns undergoing painful 
procedures such as blood draws. 8,  9 
Mothers may nap, shower, or leave 
the room with the expectation that 
the mother-infant staff members 
monitor the newborn at routine 
intervals. Mothers are encouraged to 
use call bells for assistance with their 
own care or that of their newborns.

Evidence for SSC and Rooming-In

SSC has been researched extensively 
as a method to provide improved 
physiologic stability for newborns 
and potential benefits for mothers. 
SSC immediately after birth stabilizes 
the newborn body temperature and 
can help prevent hypothermia. 10,  11 
SSC also helps stabilize blood glucose 
concentrations, decreases crying, 
and provides cardiorespiratory 
stability, especially in late preterm 
newborns. 12 SSC has been shown 
in numerous studies as a method 
to decrease pain in newborns being 
held by mothers 13 – 16 and fathers. 17 In 
preterm infants, SSC has been shown 
to result in improved autonomic and 
neurobehavioral maturation and 
gastrointestinal adaptation, more 
restful sleep patterns, less crying, 
and better growth. 18 – 21 Although 
not specifically studied in full-term 
infants, it is likely that these infants 
also benefit in similar ways.

SSC also benefits mothers. 
Immediately after birth, SSC 
decreases maternal stress and 
improves paternal perception 
of stress in their relationship. 22 
A recent study suggested that 
SSC and breastfeeding within 30 
minutes of birth reduce postpartum 
hemorrhage. 23 Experimental 
models indicate that mother-infant 
separation causes significant 
stress, and the consequences of 
this stress on the hypothalamic-
pituitary-adrenal axis persist. 24 
In a randomized trial examining 
the relationship between SSC and 
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maternal depression and stress, 
both depression scores and salivary 
cortisol concentrations were 
lower over the first month among 
postpartum mothers providing SSC 
compared with mothers who were 
provided no guidance about SSC. 22 
For breastfeeding mother-infant 
dyads, SSC enhances the opportunity 
for an early first breastfeeding, 
which, in turn, leads to more 
readiness to breastfeed, an organized 
breastfeeding suckling pattern, 
and more success in exclusive and 
overall breastfeeding, 12,  25,  26 even 
after cesarean deliveries. 27 Further 
evidence shows a benefit for mothers 
after cesarean deliveries who 
practice SSC as soon as the mother 
is alert and responsive in increased 
breastfeeding initiation, decreased 
time to the first breastfeeding, 
reduced formula supplementation, 
and increased bonding and maternal 
satisfaction. 28 Increasing rates 
of breastfeeding ultimately have 
short- and long-term health benefits, 
such as decreased risk of infections, 
obesity, cancer, and sudden infant 
death syndrome.3

The evidence for rooming-in also 
extends beyond infant feeding 
practices and is consistent with 
contemporary models of family-
centered care. 29 Rooming-in and 
the maternity care practices aligned 
with keeping mothers and newborns 
together in a hospital setting were 
defined as best practice but not fully 
implemented in the post–World War 
II era, largely because of nursing 
culture and the presumption 
that newborns were safer in a 
sterile nursery environment. 30 
Rooming-in leads to improved 
patient satisfaction. 31,  32 Integrated 
mother-infant care leads to optimal 
outcomes for healthy mothers and 
infants, including those with neonatal 
abstinence syndrome.33 Rooming-in 
also provides more security, may 
avoid newborn abductions or 
switches, leads to decreased infant 
abandonment,  34 and provides more 

opportunity for supervised maternal-
newborn interactions. 35 Hospital staff 
members caring for mother-infant 
dyads have more opportunities 
to empower mothers to care for 
their infants than when infant care 
is conducted without the mother 
and in a separate nursery. For the 
breastfeeding mother-infant dyad, 
rooming-in may help to support cue-
based feeding, leading to increased 
frequency of breastfeeding, especially 
in the first few days 36; decreased 
hyperbilirubinemia; and increased 
likelihood of continued breastfeeding 
up to 6 months. 37

SSC and rooming-in are 2 of the 
important steps in the WHO’s “Ten 
Steps to Successful Breastfeeding” 
and serve as the basic tenets for a 
baby-friendly–designated delivery 
hospital. 1,  38,  39 The Ten Steps 
include practices that also improve 
patient safety and outcomes by 
supporting a more physiologic 
transition immediately after delivery; 
maintaining close contact between 
the mother and her newborn, which 
decreases the risk of infection and 
sepsis; increasing the opportunity 
for the development of a protective 
immunologic environment; 
decreasing stress responses by the 
mother and her infant; and enhancing 
sleep patterns in the mother. 40– 42

SAFETY CONCERNS REGARDING 
IMMEDIATE SSC

Rarely are there contraindications 
to providing SSC; however, there 
are potential safety concerns to 
address. A newborn requiring 
positive-pressure resuscitation 
should be continuously monitored, 
and SSC should be postponed 
until the infant is stabilized. 43 
Furthermore, certain conditions, such 
as low Apgar scores (less than 7 at 
5 minutes) or medical complications 
from birth, may require careful 
observation and monitoring of the 
newborn during SSC and in some 
cases may prevent SSC. 11 Other 

safety concerns are attributable to 
the lack of standardization in the 
approach, discontinuous observation 
of the mother-infant dyad (with 
lapses exceeding 10 to 15 minutes 
during the first few hours of life), 
lack of education and skills among 
staff supporting the dyad during 
transition while skin-to-skin, and 
unfamiliarity with the potential 
risks of unsafe positioning and 
methods of assessment that may 
avert problems. 44 The main concerns 
regarding immediate postnatal SSC 
include sudden unexpected postnatal 
collapse (SUPC), which includes any 
condition resulting in temporary or 
permanent cessation of breathing or 
cardiorespiratory failure. 45 – 48 Many, 
but not all, of these events are related 
to suffocation or entrapment. In 
addition, falls may occur during SSC, 
particularly if unobserved, and other 
situations or conditions may occur 
that prevent SSC from continuing 
safely. 44,  49

SUPC is a rare but potentially fatal 
event in otherwise healthy-appearing 
term newborns. The definition of 
SUPC varies slightly depending on 
the author and population studied. 
One definition offered by the British 
Association of Perinatal Medicine 50 
includes any term or near-term 
(defined as >35 weeks’ gestation in 
this review) infant who meets the 
following criteria: (1) is well at birth 
(normal 5-minute Apgar and deemed 
well enough for routine care), (2) 
collapses unexpectedly in a state 
of cardiorespiratory extremis such 
that resuscitation with intermittent 
positive-pressure ventilation is 
required, (3) collapses within the 
first 7 days of life, and (4) either dies, 
goes on to require intensive care, 
or develops encephalopathy. Other 
potential medical conditions should 
be excluded (eg, sepsis, cardiac 
disease) for SUPC to be diagnosed. 
The incidence of SUPC in the first 
hours to days of life varies widely 
because of different definitions, 
inclusion and exclusion criteria of 
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newborns being described, and lack 
of standardized reporting and may 
be higher in certain settings. The 
incidence is estimated to be 2.6 to 
133 cases per 100 000 newborns. In 
1 case series, the authors described 
one-third of SUPC events occurring 
in the first 2 hours of life, one-third 
occurring between 2 and 24 hours 
of life, and the final third occurring 
between 1 and 7 days of life. 51 Other 
authors suggested that 73% of SUPC 
events occur in the first 2 hours of 
life. 52 In the case series by Pejovic and 
Herlenius,  51 15 of the 26 cases of SUPC 
were found to have occurred during 
SSC in a prone position. Eighteen were 
in primiparous mothers, 13 occurred 
during unsupervised breastfeeding 
at <2 hours of age, and 3 occurred 
during smart cellular phone use by 
the mother. Five developed grade 2 
hypoxic-ischemic encephalopathy 
(moderate encephalopathy), with 4 
requiring hypothermia treatment. 
Twenty-five of the 26 cases had 
favorable neurologic outcomes in 1 
series; however, in another review, 
mortality was as high as 50%, and 
among survivors, 50% had neurologic 
sequelae.53 Experimental models 
suggest that autoresuscitation of 
breathing after hypoxic challenge 
takes longer with lower postnatal 
age and decreased core body 
temperature. 54

SUPC, in some definitions, includes 
acute life-threatening episodes; 
however, the latter is presumed to 
be more benign. An apparent life-
threatening episode, or what may 
be referred to as a brief resolved 
unexplained event, may be low risk 
and require simple interventions 
such as positional changes, brief 
stimulation, or procedures to resolve 
airway obstruction. 46,  53

Falls are another concern in the 
immediate postnatal period. Mothers 
who are awake and able to respond 
to their newborn infant immediately 
after birth may become suddenly and 
unexpectedly sleepy, ill, or unable to 
continue holding their infant. Fathers 

or other support people providing 
SSC may also suddenly become 
unable to continue to safely hold the 
newborn because of lightheadedness, 
fatigue, incoordination, or other 
factors. If a hospital staff member 
is not immediately available to take 
over, unsafe situations may occur, 
and newborns may fall to the floor or 
may be positioned in a manner that 
obstructs their airway.

SUGGESTIONS TO IMPROVE SAFETY 
IMMEDIATELY AFTER DELIVERY

Several authors have suggested 
mechanisms for standardizing the 
procedure of immediate postnatal SSC 
to prevent sentinel events; however, 
none of the checklists or procedures 
developed have been proven to reduce 
the risk. Frequent and repetitive 
assessments, including observation 
of newborn breathing, activity, 
color, tone, and position, may avert 
positions that obstruct breathing or 
events leading to sudden collapse. 41 
In addition, continuous monitoring 
by trained staff members and the use 
of checklists may improve safety. 35 
Some have suggested continuous 
pulse oximetry; however, there 
is no evidence that this practice 
would improve safety, and it may be 
impractical. Given the occurrence of 
events in the first few hours of life, 
it is prudent to consider staffing the 
delivery unit to permit continuous staff 
observation with frequent recording 
of neonatal vital signs. A procedure 
manual that is implemented in a 
standardized fashion and practiced 
with simulation drills may include 
sequential steps identified in Box 1. 55

BOX 1: PROCEDURE FOR IMMEDIATE 
SKIN-TO-SKIN CARE

Risk stratification and associated 
monitoring and care may avert 
SUPC, falls, and suffocation. 59 High-
risk situations may include infants 
who required resuscitation (ie, any 
positive-pressure ventilation), those 
with low Apgar scores, late preterm 
and early term (37–39 weeks’ 
gestation) infants, difficult delivery, 
mother receiving codeine 60 or other 
medications that may affect the 
newborn (eg, general anesthesia or 
magnesium sulfate), sedated mother, 
and excessively sleepy mothers 
and/or newborns. Mothers may be 
assessed to determine their level 
of fatigue and sleep deprivation. 61 
In situations such as those 
described, increased staff vigilance 
with continuous monitoring, as 
described previously, is important 
to assist with SSC throughout the 
immediate postpartum period. 62 
Additional suggestions to improve 
safety include enhancements to the 
environment, such as stabilizing 
the ambient temperature, 63 use 

e4

1. Delivery of newborn

2. Dry and stimulate for first
breath/cry, and assess
newborn

3. If the newborn is stable, place
skin to skin with cord attached
(with option to milk cord),
clamp cord after 1 minute or
after placenta delivered, and
reassess newborn to permit
physiological circulatory
transition56

4. Continue to dry entire newborn
except hands to allow the
infant to suckle hands bathed
in amniotic fluid (which smells
and tastes similar to colostrum),
which facilitates rooting and
first breastfeeding57

5. Cover head with cap (optional)
and place prewarmed blankets
to cover body of newborn on
mother’s chest, leaving face
exposed58

6. Assess Apgar scores at 1 and 5
minutes

7. Replace wet blankets and cap
with dry warm blankets and cap

8. Assist and support to breastfeed
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of appropriate lighting so that the 
infant’s color and condition can be 
easily assessed, and facilitating an 
unobstructed view of the newborn 
(Box 2). Additional support persons, 
such as doulas and family members, 
may augment but not replace staff 
monitoring. Furthermore, staff 
education, appropriate staffing, and 
awareness of genetic risks may limit 
sentinel events such as SUPC. These 
suggestions, however, have not yet 
been tested in prospective studies to 
determine efficacy.

BOX 2. COMPONENTS OF SAFE 
POSITIONING FOR THE NEWBORN 
WHILE SKIN-TO-SKIN62:

SSC may be continued while moving 
a mother from a delivery surface 
(either in a delivery room or 
operating room) to the postpartum 
maternal bed. Transitions of 
mother-infant dyads throughout 
this period, and from delivery 
settings to postpartum settings, 

facilitate continued bonding, 
thermoregulation, and increased 
opportunities for breastfeeding. 
These transitions may be 
accomplished safely with skilled staff 
members by using a standardized 
procedure. 64 A newborn who is not 
properly secured may pose a risk for 
falls or unsafe positioning, leading to 
suffocation.

SAFETY CONCERNS REGARDING 
ROOMING-IN

Despite all of the advantages of 
rooming-in, there are specific 
conditions that pose risks for 
the newborn. Many of the same 
concerns that occur during SSC in the 
immediate postnatal period continue 
to be of concern while rooming-in, 
especially if the mother and infant 
are sleeping together in the mother’s 
bed on the postpartum unit. 65 In 
addition, breastfeeding mothers 
may fall asleep unintentionally while 
breastfeeding in bed, which can result 
in suffocation. 66 Infant falls may be 
more common in the postpartum 
setting because of less frequent 

monitoring and increased time that a 
potentially fatigued mother is alone 
with her newborn(s). 67 The Oregon 
Patient Safety Review evaluated 7 
hospitals that were part of 1 larger 
health system and identified 9 
cases of newborn falls (from 22 866 
births), for a rate of 3.94 falls per 
10 000 births over a 2-year period 
from 2006 to 2007, which is higher 
than previous reports of 1.6 per 
100 000. 68– 70 It is not clear whether 
this higher incidence was attributable 
to an actual increase or better 
reporting. For hospitals transitioning 
to mother-infant dyad care (1 nurse 
providing care for both mother 
and infant) or separate mother-
newborn care while rooming-in, 
it is important to communicate to 
staff that the same level of attention 
and care is necessary to provide 
optimal safety. Mothers will be 
naturally exhausted and potentially 
sleep-deprived or may sleep in short 
bursts. 61 They may also be unable 
to adjust their position or ambulate 
safely while carrying a newborn. The 
postpartum period provides unique 
challenges regarding falls/drops 
and is understudied compared with 

1. Infant’s face can be seen

2. Infant’s head is in “sniffing”
position

3. Infant’s nose and mouth are
not covered

4. Infant’s head is turned to one
side

5. Infant’s neck is straight, not
bent

6. Infant’s shoulders and chest
face mother

7. Infant’s legs are flexed

8. Infant’s back is covered with
blankets

9. Mother-infant dyad is
monitored continuously
by staff in the delivery
environment and regularly on
the postpartum unit

10. When mother wants to sleep,
infant is placed in bassinet or
with another support person
who is awake and alert

 FIGURE 1
Side-car bassinet for in-hospital use. Photo courtesy of Kristin Tully, PhD.
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falls in the neurologically impaired 
or elderly patient. Checklists and 
scoring tools may be appropriate 
and have the potential to decrease 
these adverse events, particularly 
if geared to the unique needs of the 
postpartum period, such as short-
term disability from numbness or 
pain, sleepiness or lethargy related to 
pregnancy and delivery, and effects 
from medication. 71

Even though mothers and family 
members may be educated about 
the avoidance of bed-sharing, 
falling asleep while breastfeeding or 
holding the newborn during SSC is 
common. Staff can educate support 
persons and/or be immediately 
available to safely place newborns 
on a close but separate sleep surface 
when mothers fall asleep. Mothers 
may be reassured that they or their 
support persons can safely provide 
SSC and that staff will be available 
to assist with the transition to a 
safe sleep surface as needed. 
Mothers who have had cesarean 
deliveries are particularly at risk 
because of limited mobility and 
effects of anesthesia and warrant 
closer monitoring. 72

Several studies examining safety 
while rooming-in have been 
conducted. Sixty-four mother-infant 
dyads were studied in the United 
Kingdom and randomly assigned 
to have newborns sleep in a stand-
alone bassinet, a side-car bassinet 
( Fig 1), or the mother’s bed to 
determine perception of safety (by 
video monitoring) and breastfeeding 
outcomes. 73 Breastfeeding was 
more frequent among those sharing 
a bed and using a side-car than a 
separate bassinet, but there were 
more hazards associated with bed-
sharing than using a side-car or 
bassinet. Although there were no 
adverse events in this study, the 
authors concluded that the side-car 
provided the best opportunities 
for breastfeeding with the safest 
conditions. In a similar study 

examining dyads after cesarean 
delivery, more hazards were 
associated with stand-alone bassinets 
than side-car bassinets. However, 
side-car technology for hospital 
beds is not yet well established in 
the United States, and safety data 
are not yet available. Given the 
level of disability in mothers who 
have had a cesarean delivery, side-
car technology holds promise for 
improvement in the safety of the 
rooming-in environment. 74

SUGGESTIONS TO IMPROVE SAFETY 
WHILE ROOMING-IN

Healthy mother-infant dyads are 
safest when kept together and 
cared for as a unit in a mother-
infant setting. Staffing ratios are 
determined to meet the needs of both 
the mother and her newborn(s) and 
to ensure the best possible outcomes. 
The Association of Women’s Health, 
Obstetric and Neonatal Nurses’ 
recommendations are to have no 
more than 3 dyads assigned to 1 
nurse to avoid situations in which 
nursing staff are not immediately 
available and able to regularly 
monitor the mother-infant dyads 
throughout the postpartum period. 75 
These ratios may permit routine 
monitoring, rapid response to 
call bells, and adequate time for 
teaching; however, nursing staff 
extenders, such as health educators 
and nursing assistants, may augment 
care. Mothers and families who are 
informed of the risks of bed-sharing 
and guided to place newborns on 
separate sleep surfaces for sleep 
are more likely to follow these 
recommendations while in the 
hospital and after going home. 
Family members and staff can be 
available to assist mothers with 
transitioning the newborn to a safe 
sleep location, and regular staff 
supervision facilitates the recognition 
of sleepy family members and 
safer placement of the newborns in 
bassinets or side-cars.

SUGGESTIONS FOR ROOMING-IN

1. Use a patient safety contract with
a particular focus on high-risk
situations (see parent handout
Newborn Safety Information for
Parents 68 and sample contract 71).

2. Monitor mothers according to
their risk assessment: for example,
observing every 30 minutes
during nighttime and early
morning hours for higher-risk
dyads. 69

3. Use fall risk assessment tools. 76

4. Implement maternal egress
testing (a modification of a tool
originally designed to transfer
obese patients from bed to stand,
chair, or ambulation by using
repetition to verify stability),
especially if the mother is using
medications that may affect
stability in ambulating. 69

5. Review mother-infant equipment
to ensure proper function and
demonstrate the appropriate use
of equipment, such as bed rails
and call bells, with mothers and
families.

6. Publicize information about
how to prevent newborn falls
throughout the hospital system.

7. Use risk assessment tools to avoid
hazards of SSC and rooming-in
practices. 77

TRANSITIONING TO HOME AND SAFE 
SLEEP BEYOND DISCHARGE

Information provided to parents at 
the time of hospital discharge should 
include anticipatory guidance about 
breastfeeding and sleep safety. 3,  78,  79 
Pediatricians, hospitals, and other 
clinical staff should abide by AAP 
recommendations/guidance on 
breastfeeding and safe sleep, pacifier 
introduction, maternal smoking, 
use of alcohol, sleep positioning, 
bed-sharing, and appropriate 
sleep surfaces, especially when 
practicing SSC. 79 In addition, the 
AAP recommends the avoidance of 
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practices that increase the risk of 
sudden and unexpected infant death, 
such as smoking, the use of alcohol, 
placing the infant in a nonsupine 
position for sleep, nonexclusive 
breastfeeding, and placing the infant 
to sleep (with or without another 
person) on sofas or chairs.79,  80 
To facilitate continued exclusive 
breastfeeding, the coordination 
of postdischarge support is 
recommended to enable the best 
opportunity to meet breastfeeding 
goals. Mothers may be referred to 
peer support groups and trained 
lactation specialists if breastfeeding 
problems occur. Community support 
is optimized by coordination with the 
medical home. 81

CONCLUSIONS

Pediatricians and other providers 
have important roles in the 
implementation of safe SSC and 
rooming-in practices. Safe 
implementation with the use of a 
standardized approach may prevent 
adverse events such as SUPC and falls.

The following suggestions support 
safe implementation of these 
practices:

1. Develop standardized methods
and procedures of providing
immediate and continued SSC
with attention to continuous
monitoring and assessment.

2. Standardize the sequence
of events immediately after
delivery to promote safe
transition, thermoregulation,
uninterrupted SSC, and
direct observation of the first
breastfeeding session.

3. Document maternal and
newborn assessments and any
changes in conditions.

4. Provide direct observation of the
mother-infant dyad while in the
delivery room setting.

5. Position the newborn in a
manner that provides an
unobstructed airway.

6. Conduct frequent assessments
and monitoring of the mother-
infant dyad during postpartum
rooming-in settings, with
particular attention to high-risk
situations such as nighttime and
early morning hours.

7. Assess the level of maternal
fatigue periodically. If the
mother is tired or sleepy,
move the infant to a separate
sleep surface (eg, side-car or
bassinet) next to the mother’s
bed.

8. Avoid bed-sharing in the
immediate postpartum period
by assisting mothers to use a
separate sleep surface for the
infant.

9. Promote supine sleep for all
infants. SSC may involve the
prone or side position of the
newborn, especially if the dyad
is recumbent; therefore, it is
imperative that the mother/
caregiver who is providing SSC
be awake and alert.

10. Train all health care personnel
in standardized methods of
providing immediate SSC
after delivery, transitioning
the mother-infant dyad,
and monitoring the dyad
during SSC and rooming-in
throughout the delivery
hospital period.
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Skin-to-Skin Care for Term and Preterm
Infants in the Neonatal ICU
Jill Baley, MD, COMMITTEE ON FETUS AND NEWBORN

abstract “Kangaroo mother care” was first described as an alternative method of
caring for low birth weight infants in resource-limited countries, where
neonatal mortality and infection rates are high because of overcrowded
nurseries, inadequate staffing, and lack of equipment. Intermittent skin-to-skin
care (SSC), a modified version of kangaroo mother care, is now being offered
in resource-rich countries to infants needing neonatal intensive care, including
those who require ventilator support or are extremely premature. SSC
significantly improves milk production by the mother and is associated with
a longer duration of breastfeeding. Increased parent satisfaction, better sleep
organization, a longer duration of quiet sleep, and decreased pain perception
during procedures have also been reported in association with SSC. Despite
apparent physiologic stability during SSC, it is prudent that infants in the NICU
have continuous cardiovascular monitoring and that care be taken to verify
correct head positioning for airway patency as well as the stability of the
endotracheal tube, arterial and venous access devices, and other life support
equipment.

BACKGROUND

“Kangaroo mother care” (KMC) was first described as an alternative
method of caring for low birth weight infants in resource-limited
countries, where neonatal mortality and infection rates are high because
of overcrowded nurseries, inadequate staffing, and lack of equipment. In
the original version of KMC, the infant is placed in continuous skin-to-skin
contact in a vertical position between the mother’s breasts and beneath
her clothes and is exclusively (or nearly exclusively) breastfed. A meta-
analysis of 988 infants enrolled in 3 randomized controlled trials of
continuous KMC begun in the first postnatal week in low- or middle-
income countries found a 51% reduction in mortality among infants with
a birth weight ,2000 g (relative risk: 0.49 [95% confidence interval:
0.29–0.82]).1 Although the methods of this review have come under
question,2 a Cochrane meta-analysis of 18 trials of continuous KMC begun
before postnatal day 10 in infants with a birth weight ,2500 g also
showed significantly reduced mortality and morbidity at discharge or 40

This document is copyrighted and is property of the American
Academy of Pediatrics and its Board of Directors. All authors have filed
conflict of interest statements with the American Academy of
Pediatrics. Any conflicts have been resolved through a process
approved by the Board of Directors. The American Academy of
Pediatrics has neither solicited nor accepted any commercial
involvement in the development of the content of this publication.

Clinical reports from the American Academy of Pediatrics benefit from
expertise and resources of liaisons and internal (American Academy
of Pediatrics) and external reviewers. However, clinical reports from
the American Academy of Pediatrics may not reflect the views of the
liaisons or the organizations or government agencies that they
represent.

The guidance in this report does not indicate an exclusive course of
treatment or serve as a standard of medical care. Variations, taking
into account individual circumstances, may be appropriate.

All clinical reports from the American Academy of Pediatrics
automatically expire 5 years after publication unless reaffirmed,
revised, or retired at or before that time.

www.pediatrics.org/cgi/doi/10.1542/peds.2015-2335

DOI: 10.1542/peds.2015-2335

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2015 by the American Academy of Pediatrics



SECTION 7: SAFE SLEEP358

to 41 weeks’ postmenstrual age and
at follow-up; it also found a decreased
incidence of health care–related
sepsis and an improvement in
some measures of infant growth,
breastfeeding, and mother-infant
attachment.3 Thirteen of these 18
studies were conducted in low- to
middle-income countries.

Intermittent skin-to-skin care (SSC) in
NICUs in resource-rich countries
differs from traditional KMC in that it
is usually used for varying, shorter
periods of time; can be offered to less
stable and technology-supported
infants; and can be performed by
both parents. Intermittent SSC in
resource-rich countries has not been
associated with decreased mortality,
although data are currently
insufficient to determine an effect.3

However, it is widely offered to
parents for other perceived benefits,
such as enhancing attachment,
parental self-esteem, and
breastfeeding.4,5

EVIDENCE

Benefits

The most substantial evidence of
benefit from SSC is for breastfeeding.
Individual randomized controlled
trials and a systematic review have
shown that intermittent SSC is
associated with longer and more
exclusive breastfeeding and higher
volumes of expressed milk.6,7 The
systematic review reported that short
periods of SSC (up to 1 hour at all
visits) increased the duration of any
breastfeeding, variably reported by
different studies as 1 month after
discharge (relative risk: 4.76 [95%
confidence interval: 1.19–19.10]) or
for more than 6 weeks (relative risk:
1.95 [95% confidence interval:
1.03–3.70]) among clinically stable
infants in industrialized nations.7 A
number of studies have also indicated
that SSC may improve a mother’s
attachment or bonding and her
feeling of being needed by or
comfortable with her infant.3,8–12

In addition, SSC promotes the
participation of the mother and father
in the infant’s care, strengthens the
family role in the care of a fragile
infant, and decreases feelings of
helplessness.10 Mothers report less
stress and more satisfaction with
NICU care, and both parents are more
responsive to their infant’s cues.3,8–12

The evidence is less clear for
a beneficial effect regarding sleep and
neurobehavioral maturation. One
report found increased frontal brain
activity during both quiet and
active sleep, which is thought
to be predictive of improved
neurobehavioral outcomes.13 Other
studies using electroencephalography
and polysomnography data indicate
that preterm infants who receive SSC
have more mature sleep organization,
with increased total and quiet sleep,
decreased REM sleep and arousals
from sleep, and an improvement in
sleep cycling.14,15 They also appeared
more alert and observant and spent
less time crying. Two cohort studies
found that infants receiving SSC
demonstrated better autonomic
regulation and maternal–infant
interactions at term gestation, as well
as higher scores on the Bayley Scales
of Infant Development–Second
Edition at 6 or 12 months of age.8,16

Of the infants enrolled in the second
study, 117 were followed up to
10 years of age, and the authors
reported that those who received SSC
showed attenuated stress response,
improved autonomic functioning,
better-organized sleep, and better
cognitive control.17

SSC has also been advocated for the
nonpharmacologic management of
procedural pain. A Cochrane review
of the effect of SSC for relief of
procedural pain concluded that it
seemed to be effective for a single
painful procedure such as a heel
lance, as measured by using
composite pain indicators.18 The
review found that behavioral
indicators of pain tended to favor SSC,
whereas physiologic indicators were

generally not affected, suggesting
possible observer bias in scoring
behavioral indicators. However, small
studies have reported reduced
cortisol concentrations and decreased
autonomic indicators of pain in
preterm infants during SSC.19,20 The
authors of the Cochrane review
recommend confirmatory studies of
previous findings and call for new
studies examining optimal duration of
SSC, use in different gestational age
groups, effects of repeated use, and
long-term effects.18

Risks

Investigators initially postulated that
continuous KMC would promote
colonization with maternal flora
rather than resistant hospital flora.
Consistent with this hypothesis, meta-
analyses of randomized controlled
trials in resource-limited countries
have exhibited fewer episodes of
sepsis, necrotizing enterocolitis, and
pneumonia.1,3 However, infections
may be spread among mothers,
infants, and caregivers, particularly in
multiple-bed units, as has been
reported for respiratory syncytial
virus and tuberculosis.21,22 Although
a recent report described an
association between SSC and
development of methicillin-resistant
Staphylococcus aureus infections
among infants in 1 NICU (particularly
those with very low birth weights),
the authors did not believe that
there was a causal relationship.23

Parents should be monitored
for skin infections and might
need cleansing of the skin before
infant contact. Some experts
consider infants with open lesions
(eg, open neural tube defects,
abdominal wall defects) to be
particularly at risk.

Most studies of physiologic stability
during SSC have been performed on
stable, nonintubated infants. One
meta-analysis reported a statistically
but not clinically significant increase
in body temperature (0.22°C) and
a decrease in oxygen saturation
(0.60%) in 190 term and 326
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preterm infants receiving SSC
compared with incubator care.24

These effects were most pronounced
in nurseries in low- and middle-
income settings and in cold
environments. There was no change in
heart rate before, during, or after SSC,
and no difference was noted between
preterm and term infants. Although 1
study of 22 infants reported an
increase in desaturation and
bradycardia during SSC,25 other
studies have shown no significant
increase in desaturation, bradycardic
or apneic events, or in oxygen
consumption.26–28 Despite apparent
physiologic stability during SSC, it is
prudent that infants in the NICU be
continuously monitored and that care
be taken to verify correct head
positioning for airway patency
as well as the stability of the
endotracheal tube, arterial and venous
access devices, and other life support
equipment. Any infant who requires
careful temperature regulation or
a high-humidity environment might
have SSC delayed until he or she is
more stable.

There may be resistance among health
care providers regarding offering SSC.
This resistance could stem from fear of
harm to the infant or from lack of
experience, time, or assistance to
transfer the infant to the parent and/or
monitor the infant’s well-being. A
nursing simulation training program
may help promote acceptance of
SSC.29 Multiple guidelines for
the provision of SSC have been
published,30–33 and each facility
needs to consider staffing, experience,
and resources in the development of
its institutional guidelines. Because
SSC has been shown to be feasible
and safe in the NICU in infants as
young as 26 weeks’ gestation,34 with
benefits for both parents and infants,
facilities are encouraged to offer this
care when possible.

IMPLICATIONS FOR CLINICAL PRACTICE

1. It has been shown that skin-to-
skin care results in improved

breastfeeding, milk production,
parental satisfaction, and bonding.

2. Both parents can be encouraged to
provide skin-to-skin care, with
appropriate guidelines and proto-
cols, for both preterm and term
infants in the NICU.

3. Despite apparent physiologic sta-
bility during skin-to-skin care, it is
prudent that infants in the NICU
have continuous cardiovascular
monitoring and that care be taken
to monitor correct head position-
ing for airway patency as well as
the stability of the endotracheal
tube, arterial and venous access
devices, and other life support
equipment.
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abstractApproximately 3500 infants die annually in the United States from sleep-
related infant deaths, including sudden infant death syndrome (SIDS; 
International Classifi cation of Diseases, 10th Revision [ICD-10], R95), ill-
defi ned deaths (ICD-10 R99), and accidental suffocation and strangulation 
in bed (ICD-10 W75). After an initial decrease in the 1990s, the overall death 
rate attributable to sleep-related infant deaths has not declined in more 
recent years. Many of the modifi able and nonmodifi able risk factors for SIDS 
and other sleep-related infant deaths are strikingly similar. The American 
Academy of Pediatrics recommends a safe sleep environment that can 
reduce the risk of all sleep-related infant deaths. Recommendations for a 
safe sleep environment include supine positioning, the use of a fi rm sleep 
surface, room-sharing without bed-sharing, and the avoidance of soft 
bedding and overheating. Additional recommendations for SIDS reduction 
include the avoidance of exposure to smoke, alcohol, and illicit drugs; 
breastfeeding; routine immunization; and use of a pacifi er. New evidence 
is presented for skin-to-skin care for newborn infants, use of bedside and 
in-bed sleepers, sleeping on couches/armchairs and in sitting devices, 
and use of soft bedding after 4 months of age. The recommendations and 
strength of evidence for each recommendation are included in this policy 
statement. The rationale for these recommendations is discussed in detail 
in the accompanying technical report (www. pediatrics. org/ cgi/ doi/ 10. 1542/ 
peds. 2016-2940).

BACKGROUND

Sudden unexpected infant death (SUID), also known as sudden 
unexpected death in infancy, or SUDI, is a term used to describe any 
sudden and unexpected death, whether explained or unexplained 
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(including sudden infant death 
syndrome [SIDS] and ill-defined 
deaths), occurring during infancy. 
After case investigation, SUID can be 
attributed to suffocation, asphyxia, 
entrapment, infection, ingestions, 
metabolic diseases, arrhythmia-
associated cardiac channelopathies, 
and trauma (unintentional or 

nonaccidental). SIDS is a subcategory 
of SUID and is a cause assigned 
to infant deaths that cannot be 
explained after a thorough case 
investigation, including a scene 
investigation, autopsy, and review 
of the clinical history. 1 (See  Table 
1 for definitions of terms.) The 
distinction between SIDS and other 

SUIDs, particularly those that occur 
during an unobserved sleep period 
(sleep-related infant deaths), such 
as unintentional suffocation, is 
challenging, cannot be determined 
by autopsy alone, and may remain 
unresolved after a full case 
investigation. Many of the modifiable 
and nonmodifiable risk factors for 
SIDS and suffocation are strikingly 
similar. This document focuses on 
the subset of SUIDs that occur during 
sleep.

The recommendations outlined 
herein were developed to reduce 
the risk of SIDS and sleep-
related suffocation, asphyxia, and 
entrapment among infants in the 
general population. As defined 
by epidemiologists, risk refers to 
the probability that an outcome 
will occur given the presence of a 
particular factor or set of factors. 
Although all 19 recommendations 
are intended for all who care for 
infants, the last 4 recommendations 
also are directed toward health 
policy makers, researchers, and 
professionals who care for or work 
on behalf of infants. In addition, 
because certain behaviors, such as 
smoking, can increase risk for the 
infant, some recommendations are 
directed toward women who are 
pregnant or may become pregnant in 
the near future.

 Table 2 summarizes each 
recommendation and provides the 
strength of the recommendation, 
which is based on the Strength-of-
Recommendation Taxonomy. 2 It 
should be noted that there are no 
randomized controlled trials with 
regard to SIDS and other sleep-
related deaths; instead, case-control 
studies are the standard.

The recommendations are based on 
epidemiologic studies that include 
infants up to 1 year of age. Therefore, 
recommendations for sleep position 
and the sleep environment, unless 
otherwise specified, are for the 
first year after birth. The evidence-
based recommendations that 

2

TABLE 1  Defi nitions of Terms

Bed-sharing: Parent(s) and infant sleeping together on any surface (bed, couch, chair).
Caregivers: Throughout the document, “parents” are used, but this term is meant to indicate any infant 

caregivers.
Cosleeping: This term is commonly used, but the task force fi nds it confusing, and it is not used in this 

document. When used, authors need to make clear whether they are referring to sleeping in close 
proximity (which does not necessarily entail bed-sharing) or bed-sharing.

Room-sharing: Parent(s) and infant sleeping in the same room on separate surfaces.
Sleep-related infant death: SUID that occurs during an observed or unobserved sleep period.
Sudden infant death syndrome (SIDS): Cause assigned to infant deaths that cannot be explained after 

a thorough case investigation, including a scene investigation, autopsy, and review of the clinical 
history. 1

Sudden unexpected infant death (SUID), or sudden unexpected death in infancy (SUDI): A sudden and 
unexpected death, whether explained or unexplained (including SIDS), occurring during infancy.

TABLE 2  Summary of Recommendations With Strength of Recommendation

A-level recommendations
 Back to sleep for every sleep.
 Use a fi rm sleep surface.
 Breastfeeding is recommended.
 Room-sharing with the infant on a separate sleep surface is recommended.
 Keep soft objects and loose bedding away from the infant’s sleep area.
 Consider offering a pacifi er at naptime and bedtime.
 Avoid smoke exposure during pregnancy and after birth.
 Avoid alcohol and illicit drug use during pregnancy and after birth.
 Avoid overheating.
 Pregnant women should seek and obtain regular prenatal care.
 Infants should be immunized in accordance with AAP and CDC recommendations.
 Do not use home cardiorespiratory monitors as a strategy to reduce the risk of SIDS.
 Health care providers, staff in newborn nurseries and NICUs, and child care providers should endorse 

and model the SIDS risk-reduction recommendations from birth.
 Media and manufacturers should follow safe sleep guidelines in their messaging and advertising.
 Continue the “Safe to Sleep” campaign, focusing on ways to reduce the risk of all sleep-related infant 

deaths, including SIDS, suffocation, and other unintentional deaths. Pediatricians and other primary 
care providers should actively participate in this campaign.

B-level recommendations
 Avoid the use of commercial devices that are inconsistent with safe sleep recommendations.
 Supervised, awake tummy time is recommended to facilitate development and to minimize 

development of positional plagiocephaly.
C-level recommendations
 Continue research and surveillance on the risk factors, causes, and pathophysiologic mechanisms 

of SIDS and other sleep-related infant deaths, with the ultimate goal of eliminating these deaths 
entirely.

 There is no evidence to recommend swaddling as a strategy to reduce the risk of SIDS.

The following levels are based on the Strength-of-Recommendation Taxonomy (SORT) for the assignment of letter grades 
to each of its recommendations (A, B, or C). 2 Level A: There is good-quality patient-oriented evidence. Level B: There is 
inconsistent or limited-quality patient-oriented evidence. Level C: The recommendation is based on consensus, disease-
oriented evidence, usual practice, expert opinion, or case series for studies of diagnosis, treatment, prevention, or 
screening. Note: “patient-oriented evidence” measures outcomes that matter to patients: morbidity, mortality, symptom 
improvement, cost reduction, and quality of life; “disease-oriented evidence” measures immediate, physiologic, or 
surrogate end points that may or may not refl ect improvements in patient outcomes (eg, blood pressure, blood chemistry, 
physiologic function, pathologic fi ndings). CDC, Centers for Disease Control and Prevention.
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follow are provided to guide health 
care providers in conversations 
with parents and others who care 
for infants. Health care providers 
are encouraged to have open and 
nonjudgmental conversations with 
families about their sleep practices. 
Individual medical conditions may 
warrant that a health care provider 
recommend otherwise after weighing 
the relative risks and benefits.

For the background literature 
review and data analyses on 
which this policy statement and 
recommendations are based, refer to 
the accompanying technical report, 
“SIDS and Other Sleep-Related Infant 
Deaths: Evidence Base for 2016 
Updated Recommendations for a 
Safe Infant Sleeping Environment, ” 
available in the electronic pages of 
this issue (www. pediatrics. org/ cgi/ 
doi/ 10. 1542/ peds. 2016- 2940). 3

RECOMMENDATIONS TO REDUCE THE 
RISK OF SIDS AND OTHER SLEEP-
RELATED INFANT DEATHS

1. Back to sleep for every sleep. 

To reduce the risk of SIDS, infants 
should be placed for sleep in a supine 
position (wholly on the back) for 
every sleep by every caregiver until 
the child reaches 1 year of age. 4   –8 
Side sleeping is not safe and is not 
advised. 5,  7

The supine sleep position does not 
increase the risk of choking and 
aspiration in infants, even those with 
gastroesophageal reflux, because 
infants have airway anatomy and 
mechanisms that protect against 
aspiration. 9,  10 The American Academy 
of Pediatrics (AAP) concurs with the 
North American Society for Pediatric 
Gastroenterology and Nutrition 
that “the risk of SIDS outweighs 
the benefit of prone or lateral sleep 
position on GER [gastroesophageal 
reflux]; therefore, in most infants 
from birth to 12 months of age, 
supine positioning during sleep is 
recommended. …Therefore, prone 
positioning is acceptable if the infant 

is observed and awake, particularly 
in the postprandial period, but 
prone positioning during sleep can 
only be considered in infants with 
certain upper airway disorders 
in which the risk of death from 
GERD [gastroesophageal reflux 
disease] may outweigh the risk of 
SIDS.” 11 Examples of such upper 
airway disorders are those in which 
airway-protective mechanisms are 
impaired, including infants with 
anatomic abnormalities, such as type 
3 or 4 laryngeal clefts, who have not 
undergone antireflux surgery. There 
is no evidence to suggest that infants 
receiving nasogastric or orogastric 
feeds are at an increased risk of 
aspiration if placed in the supine 
position. Elevating the head of the 
infant’s crib is ineffective in reducing 
gastroesophageal reflux 12 and is not 
recommended; in addition, elevating 
the head of the crib may result in the 
infant sliding to the foot of the crib 
into a position that may compromise 
respiration.

Preterm infants should be placed 
supine as soon as possible. Preterm 
infants are at increased risk of 
SIDS,  13,  14 and the association 
between prone sleep position and 
SIDS among low birth weight and 
preterm infants is equal to, or 
perhaps even stronger than, the 
association among those born at 
term. 15 The task force concurs with 
the AAP Committee on Fetus and 
Newborn that “preterm infants 
should be placed supine for sleeping, 
just as term infants should, and the 
parents of preterm infants should 
be counseled about the importance 
of supine sleeping in preventing 
SIDS. Hospitalized preterm infants 
should be kept predominantly in 
the supine position, at least from 
the postmenstrual age of 32 weeks 
onward, so that they become 
acclimated to supine sleeping before 
discharge.” 16 NICU personnel should 
endorse safe sleeping guidelines with 
parents of infants from the time of 
admission to the NICU. 

As stated in the AAP clinical report, 
“skin-to-skin care is recommended 
for all mothers and newborns, 
regardless of feeding or delivery 
method, immediately following birth 
(as soon as the mother is medically 
stable, awake, and able to respond to 
her newborn), and to continue for at 
least an hour.” 17 Thereafter, or when 
the mother needs to sleep or take 
care of other needs, infants should be 
placed supine in a bassinet. There is 
no evidence that placing infants on 
their side during the first few hours 
after delivery promotes clearance of 
amniotic fluid and decreases the risk 
of aspiration. Infants in the newborn 
nursery and infants who are rooming 
in with their parents should be 
placed in the supine position as soon 
as they are ready to be placed in the 
bassinet.

Although data to make specific 
recommendations as to when it is 
safe for infants to sleep in the prone 
or side position are lacking, studies 
establishing prone and side sleeping 
as risk factors for SIDS include 
infants up to 1 year of age. Therefore, 
the best evidence suggests that 
infants should continue to be placed 
supine until 1 year of age. Once an 
infant can roll from supine to prone 
and from prone to supine, the infant 
can be allowed to remain in the sleep 
position that he or she assumes. 
Because rolling into soft bedding is 
an important risk factor for SUID 
after 3 months of age,  18 parents and 
caregivers should continue to keep 
the infant’s sleep environment clear 
of soft or loose bedding.

2. Use a firm sleep surface.

Infants should be placed on a firm 
sleep surface (eg, mattress in a 
safety-approved crib) covered by a 
fitted sheet with no other bedding or 
soft objects to reduce the risk of SIDS 
and suffocation.

A firm surface maintains its shape 
and will not indent or conform to 
the shape of the infant’s head when 
the infant is placed on the surface. 

3
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Soft mattresses, including those 
made from memory foam, could 
create a pocket (or indentation) and 
increase the chance of rebreathing or 
suffocation if the infant is placed in or 
rolls over to the prone position. 19,  20

A crib, bassinet, portable crib, or 
play yard that conforms to the 
safety standards of the Consumer 
Product Safety Commission (CPSC), 
including those for slat spacing 
less than 2-3/8 inches, snugly 
fitting and firm mattresses, and no 
drop sides, is recommended. 21 In 
addition, parents and providers 
should check to make sure that the 
product has not been recalled. This 
is particularly important for used 
cribs. Cribs with missing hardware 
should not be used, nor should 
the parent or provider attempt to 
fix broken components of a crib, 
because many deaths are associated 
with cribs that are broken or with 
missing parts (including those that 
have presumably been fixed). Local 
organizations throughout the United 
States can help to provide low-cost or 
free cribs or play yards for families 
with financial constraints.

Bedside sleepers are attached to the 
side of the parental bed. The CPSC 
has published safety standards for 
these products,  22 and they may 
be considered by some parents as 
an option. However, there are no 
CPSC safety standards for in-bed 
sleepers. The task force cannot make 
a recommendation for or against 
the use of either bedside sleepers 
or in-bed sleepers, because there 
have been no studies examining the 
association between these products 
and SIDS or unintentional injury and 
death, including suffocation.

Only mattresses designed for the 
specific product should be used. 
Mattresses should be firm and should 
maintain their shape even when the 
fitted sheet designated for that model 
is used, such that there are no gaps 
between the mattress and the wall 
of the crib, bassinet, portable crib, 
or play yard. Pillows or cushions 

should not be used as substitutes 
for mattresses or in addition to a 
mattress. Mattress toppers, designed 
to make the sleep surface softer, 
should not be used for infants 
younger than 1 year.

There is no evidence that special 
crib mattresses and sleep surfaces 
that claim to reduce the chance of 
rebreathing carbon dioxide when the 
infant is in the prone position reduce 
the risk of SIDS. However, there is 
no disadvantage to the use of these 
mattresses if they meet the safety 
standards as described previously.

Soft materials or objects, such 
as pillows, quilts, comforters, or 
sheepskins, even if covered by a 
sheet, should not be placed under a 
sleeping infant. If a mattress cover 
to protect against wetness is used, it 
should be tightly fitting and thin.

Infants should not be placed for 
sleep on beds, because of the risk of 
entrapment and suffocation. 23,  24 
In addition, portable bed rails should 
not be used with infants, because 
of the risk of entrapment and 
strangulation.

The infant should sleep in an area 
free of hazards, such as dangling 
cords, electric wires, and window-
covering cords, because these may 
present a strangulation risk.

Sitting devices, such as car seats, 
strollers, swings, infant carriers, and 
infant slings, are not recommended 
for routine sleep in the hospital 
or at home, particularly for young 
infants. 25   – 30 Infants who are younger 
than 4 months are particularly at 
risk, because they may assume 
positions that can create a risk of 
suffocation or airway obstruction 
or may not be able to move out of a 
potentially asphyxiating situation. 
When infant slings and cloth carriers 
are used for carrying, it is important 
to ensure that the infant’s head is 
up and above the fabric, the face is 
visible, and the nose and mouth are 
clear of obstructions. 31 After nursing, 
the infant should be repositioned 

in the sling so that the head is up, is 
clear of fabric, and is not against the 
adult’s body or the sling. If an infant 
falls asleep in a sitting device, he 
or she should be removed from the 
product and moved to a crib or other 
appropriate flat surface as soon as 
is safe and practical. Car seats and 
similar products are not stable on 
a crib mattress or other elevated 
surfaces. 32  – 36 Infants should not 
be left unattended in car seats and 
similar products, nor should they be 
placed or left in car seats and similar 
products with the straps unbuckled 
or partially buckled. 30

3. Breastfeeding is recommended.

Breastfeeding is associated with a 
reduced risk of SIDS. 37 – 39 Unless 
contraindicated, mothers should 
breastfeed exclusively or feed with 
expressed milk (ie, not offer any 
formula or other nonhuman milk-
based supplements) for 6 months, in 
alignment with recommendations of 
the AAP. 40

The protective effect of breastfeeding 
increases with exclusivity. 39 
However, any breastfeeding has been 
shown to be more protective against 
SIDS than no breastfeeding. 39

4. It is recommended that infants 
sleep in the parents’ room, close to 
the parents’ bed, but on a separate 
surface designed for infants, 
ideally for the first year of life, but 
at least for the first 6 months. 

There is evidence that sleeping in 
the parents’ room but on a separate 
surface decreases the risk of SIDS by 
as much as 50%. 6,  8,  41,  42 In addition, 
this arrangement is most likely to 
prevent suffocation, strangulation, 
and entrapment that may occur when 
the infant is sleeping in the adult bed.

The infant’s crib, portable crib, play 
yard, or bassinet should be placed 
in the parents’ bedroom until the 
child’s first birthday. Although there 
is no specific evidence for moving an 
infant to his or her own room before 
1 year of age, the first 6 months 
are particularly critical, because 

4
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the rates of SIDS and other sleep-
related deaths, particularly those 
occurring in bed-sharing situations, 
are highest in the first 6 months. 
Placing the crib close to the parents’ 
bed so that the infant is within view 
and reach can facilitate feeding, 
comforting, and monitoring of the 
infant. Room-sharing reduces SIDS 
risk and removes the possibility 
of suffocation, strangulation, and 
entrapment that may occur when the 
infant is sleeping in the adult bed.

There is insufficient evidence to 
recommend for or against the use 
of devices promoted to make bed-
sharing “safe.” There is no evidence 
that these devices reduce the risk 
of SIDS or suffocation or are safe. 
Some products designed for in-bed 
use (in-bed sleepers) are currently 
under study but results are not yet 
available. Bedside sleepers, which 
attach to the side of the parental bed 
and for which the CPSC has published 
standards,  22 may be considered by 
some parents as an option. There are 
no CPSC safety standards for in-bed 
sleepers. The task force cannot make 
a recommendation for or against 
the use of either bedside sleepers 
or in-bed sleepers, because there 
have been no studies examining the 
association between these products 
and SIDS or unintentional injury and 
death, including suffocation.

Infants who are brought into the bed 
for feeding or comforting should be 
returned to their own crib or bassinet 
when the parent is ready to return to 
sleep. 7,  43

Couches and armchairs are extremely 
dangerous places for infants. Sleeping 
on couches and armchairs places 
infants at extraordinarily high risk of 
infant death, including SIDS,  4,  6,  7,  42, 43 
suffocation through entrapment or 
wedging between seat cushions, 
or overlay if another person is also 
sharing this surface. 44 Therefore, 
parents and other caregivers should 
be especially vigilant as to their 
wakefulness when feeding infants or 
lying with infants on these surfaces. 

Infants should never be placed on a 
couch or armchair for sleep.

The safest place for an infant to sleep 
is on a separate sleep surface designed 
for infants close to the parents’ bed. 
However, the AAP acknowledges that 
parents frequently fall asleep while 
feeding the infant. Evidence suggests 
that it is less hazardous to fall asleep 
with the infant in the adult bed than 
on a sofa or armchair, should the 
parent fall asleep. It is important to 
note that a large percentage of infants 
who die of SIDS are found with their 
head covered by bedding. Therefore, 
no pillows, sheets, blankets, or any 
other items that could obstruct infant 
breathing or cause overheating should 
be in the bed. Parents should also 
follow safe sleep recommendations 
outlined elsewhere in this statement. 
Because there is evidence that the risk 
of bed-sharing is higher with longer 
duration, if the parent falls asleep 
while feeding the infant in bed, the 
infant should be placed back on a 
separate sleep surface as soon as the 
parent awakens.

There are specific circumstances 
that, in case-control studies and 
case series, have been shown to 
substantially increase the risk of 
SIDS or unintentional injury or death 
while bed-sharing, and these should 
be avoided at all times:

 • Bed-sharing with a term normal-
weight infant younger than 4 
months 6,  8,  42,  43, 45,  46 and infants born 
preterm and/or with low birth 
weight,  47 regardless of parental 
smoking status. Even for breastfed 
infants, there is an increased risk of 
SIDS when bed-sharing if younger 
than 4 months. 48 This appears to 
be a particularly vulnerable time, 
so if parents choose to feed their 
infants younger than 4 months 
in bed, they should be especially 
vigilant to not fall asleep.

 • Bed-sharing with a current smoker 
(even if he or she does not smoke 
in bed) or if the mother smoked 
during pregnancy. 6,  7,  46,  49, 50

 • Bed-sharing with someone who is 
impaired in his or her alertness or 
ability to arouse because of fatigue 
or use of sedating medications 
(eg, certain antidepressants, pain 
medications) or substances (eg, 
alcohol, illicit drugs). 8,  48,  51,  52

 • Bed-sharing with anyone who is 
not the infant’s parent, including 
nonparental caregivers and other 
children. 4

 • Bed-sharing on a soft surface, such 
as a waterbed, old mattress, sofa, 
couch, or armchair. 4,  6,  7,  42, 43

 • Bed-sharing with soft bedding 
accessories, such as pillows or 
blankets. 4,  53

 • The safety and benefits of 
cobedding for twins and higher-
order multiples have not been 
established. It is prudent to provide 
separate sleep surfaces and avoid 
cobedding for twins and higher-
order multiples in the hospital and 
at home. 54

5. Keep soft objects and loose 
bedding away from the infant’s 
sleep area to reduce the risk of 
SIDS, suffocation, entrapment, and 
strangulation.

Soft objects,  19,  20,  55 – 58 such as 
pillows and pillow-like toys, quilts, 
comforters, sheepskins, and loose 
bedding,  4,  7,  59   – 64 such as blankets 
and nonfitted sheets, can obstruct 
an infant’s nose and mouth. An 
obstructed airway can pose a risk of 
suffocation, entrapment, or SIDS.

Infant sleep clothing, such as a 
wearable blanket, is preferable to 
blankets and other coverings to 
keep the infant warm while reducing 
the chance of head covering or 
entrapment that could result from 
blanket use.

Bumper pads or similar products 
that attach to crib slats or sides 
were originally intended to prevent 
injury or death attributable to head 
entrapment. Cribs manufactured to 
newer standards have a narrower 
distance between slats to prevent 
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head entrapment. Because bumper 
pads have been implicated as 
a factor contributing to deaths 
from suffocation, entrapment, and 
strangulation 65,  66 and because 
they are not necessary to prevent 
head entrapment with new safety 
standards for crib slats, they are not 
recommended for infants. 65,  66

6. Consider offering a pacifier at 
nap time and bedtime.

Although the mechanism is yet unclear, 
studies have reported a protective 
effect of pacifiers on the incidence of 
SIDS. 67,  68 The protective effect of the 
pacifier is observed even if the pacifier 
falls out of the infant’s mouth. 69,  70

The pacifier should be used when 
placing the infant for sleep. It does not 
need to be reinserted once the infant 
falls asleep. If the infant refuses the 
pacifier, he or she should not be forced 
to take it. In those cases, parents can 
try to offer the pacifier again when the 
infant is a little older.
Because of the risk of strangulation, 
pacifiers should not be hung around 
the infant’s neck. Pacifiers that attach 
to infant clothing should not be used 
with sleeping infants.

Objects, such as stuffed toys and 
other items that may present a 
suffocation or choking risk, should 
not be attached to pacifiers.

For breastfed infants, pacifier 
introduction should be delayed until 
breastfeeding is firmly established. 40 
Infants who are not being directly 
breastfed can begin pacifier use as 
soon as desired.

There is insufficient evidence that 
finger sucking is protective against 
SIDS.

7. Avoid smoke exposure during 
pregnancy and after birth.

Both maternal smoking during 
pregnancy and smoke in the infant’s 
environment after birth are major 
risk factors for SIDS.

Mothers should not smoke during 
pregnancy or after the infant’s 
birth. 71  – 74

There should be no smoking 
near pregnant women or infants. 
Encourage families to set strict rules 
for smoke-free homes and cars and to 
eliminate secondhand tobacco smoke 
from all places in which children and 
other nonsmokers spend time. 75,  76

The risk of SIDS is particularly high 
when the infant bed-shares with an 
adult smoker, even when the adult 
does not smoke in bed. 6,  7,  46,  49, 50,  77

8. Avoid alcohol and illicit drug use 
during pregnancy and after birth. 

There is an increased risk of SIDS 
with prenatal and postnatal exposure 
to alcohol or illicit drug use.

Mothers should avoid alcohol and 
illicit drugs periconceptionally and 
during pregnancy. 78     – 85

Parental alcohol and/or illicit drug 
use in combination with bed-sharing 
places the infant at particularly high 
risk of SIDS. 8,  51

9. Avoid overheating and head 
covering in infants.

Although studies have shown 
an increased risk of SIDS with 
overheating,  86  – 89 the definition of 
overheating in these studies varies. 
Therefore, it is difficult to provide 
specific room temperature guidelines 
to avoid overheating.
In general, infants should be dressed 
appropriately for the environment, 
with no greater than 1 layer more 
than an adult would wear to be 
comfortable in that environment.
Parents and caregivers should 
evaluate the infant for signs of 
overheating, such as sweating or the 
infant’s chest feeling hot to the touch.

Overbundling and covering of the 
face and head should be avoided. 90

There is currently insufficient 
evidence to recommend the use of a 
fan as a SIDS risk-reduction strategy.

10. Pregnant women should obtain 
regular prenatal care.

There is substantial epidemiologic 
evidence linking a lower risk of SIDS 
for infants whose mothers obtain 

regular prenatal care. 71  – 74 Pregnant 
women should follow guidelines for 
frequency of prenatal visits.91

11. Infants should be immunized in 
accordance with recommendations 
of the AAP and Centers for Disease 
Control and Prevention.

There is no evidence that there 
is a causal relationship between 
immunizations and SIDS. 92  – 95 Indeed, 
recent evidence suggests that 
vaccination may have a protective 
effect against SIDS.96 – 98

12. Avoid the use of commercial 
devices that are inconsistent with 
safe sleep recommendations. 

Be particularly wary of devices that 
claim to reduce the risk of SIDS. 
Examples include, but are not limited 
to, wedges and positioners and other 
devices placed in the adult bed for the 
purpose of positioning or separating 
the infant from others in the bed. 
Crib mattresses also have been 
developed to improve the dispersion 
of carbon dioxide in the event that the 
infant ends up in the prone position 
during sleep. Although data do not 
support the claim of carbon dioxide 
dispersion unless there is an active 
dispersal component,  99 there is no 
harm in using these mattresses if they 
meet standard safety requirements. 
However, there is no evidence that 
any of these devices reduce the risk of 
SIDS. Importantly, the use of products 
claiming to increase sleep safety 
does not diminish the importance of 
following recommended safe sleep 
practices. Information about a specific 
product can be found on the CPSC 
Web site (www. cpsc. gov). The AAP 
concurs with the US Food and Drug 
Administration and the CPSC that 
manufacturers should not claim that 
a product or device protects against 
SIDS unless there is scientific evidence 
to that effect.

13. Do not use home 
cardiorespiratory monitors as a 
strategy to reduce the risk of SIDS.

The use of cardiorespiratory 
monitors has not been documented 
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to decrease the incidence of 
SIDS. 100  – 103 These devices are 
sometimes prescribed for use at 
home to detect apnea or bradycardia 
and, when pulse oximetry is used, 
decreases in oxyhemoglobin 
saturation for infants at risk of these 
conditions. In addition, routine 
in-hospital cardiorespiratory 
monitoring before discharge from the 
hospital has not been shown to detect 
infants at risk of SIDS. There are no 
data that other commercial devices 
that are designed to monitor infant 
vital signs reduce the risk of SIDS.

14. Supervised, awake tummy 
time is recommended to facilitate 
development and to minimize 
development of positional 
plagiocephaly.

Although there are no data to make 
specific recommendations as to 
how often and how long it should be 
undertaken, the task force concurs 
with the AAP Committee on Practice 
and Ambulatory Medicine and 
Section on Neurologic Surgery that “a 
certain amount of prone positioning, 
or ‘tummy time, ’ while the infant 
is awake and being observed is 
recommended to help prevent the 
development of flattening of the 
occiput and to facilitate development 
of the upper shoulder girdle strength 
necessary for timely attainment of 
certain motor milestones.” 104

Diagnosis, management, and other 
prevention strategies for positional 
plagiocephaly, such as avoidance 
of excessive time in car seats and 
changing the infant’s orientation in 
the crib, are discussed in detail in the 
AAP clinical report on positional skull 
deformities. 104

15. There is no evidence to 
recommend swaddling as a 
strategy to reduce the risk of SIDS. 

Swaddling, or wrapping the 
infant in a light blanket, is often 
used as a strategy to calm the 
infant and encourage the use of the 
supine position. There is a high risk 
of death if a swaddled infant is 

placed in or rolls to the prone 
position. 88,  105,  106 If infants are 
swaddled, they should always be 
placed on the back. Swaddling should 
be snug around the chest but allow 
for ample room at the hips and 
knees to avoid exacerbation of hip 
dysplasia. When an infant exhibits 
signs of attempting to roll, swaddling 
should no longer be used. 88, 105,  106 
There is no evidence with regard 
to SIDS risk related to the arms 
swaddled in or out. These decisions 
about swaddling should be made on 
an individual basis, depending on the 
physiologic needs of the infant.

16. Health care professionals, staff 
in newborn nurseries and NICUs, 
and child care providers should 
endorse and model the SIDS risk-
reduction recommendations from 
birth. 107 – 109

Staff in NICUs should model and 
implement all SIDS risk-reduction 
recommendations as soon as the 
infant is medically stable and well 
before anticipated discharge.

Staff in newborn nurseries should 
model and implement these 
recommendations beginning at 
birth and well before anticipated 
discharge.

All physicians, nurses, and other 
health care providers should receive 
education on safe infant sleep. Health 
care providers should screen for 
and recommend safe sleep practices 
at each visit for infants up to 1 year 
old. Families who do not have a safe 
sleep space for their infant should 
be provided with information about 
low-cost or free cribs or play yards.

Hospitals should ensure that hospital 
policies are consistent with updated 
safe sleep recommendations and that 
infant sleep spaces (bassinets, cribs) 
meet safe sleep standards.

All state regulatory agencies should 
require that child care providers 
receive education on safe infant sleep 
and implement safe sleep practices. 
It is preferable that they have written 
policies.

17. Media and manufacturers 
should follow safe sleep guidelines 
in their messaging and advertising. 

Media exposures (including movie, 
television, magazines, newspapers, 
and Web sites), manufacturer 
advertisements, and store displays 
affect individual behavior by 
influencing beliefs and 
attitudes. 107,  109 Media and 
advertising messages contrary 
to safe sleep recommendations 
may create misinformation about 
safe sleep practices. 110

18. Continue the “Safe to 
Sleep” campaign, focusing on 
ways to reduce the risk of all 
sleep-related infant deaths, 
including SIDS, suffocation, and 
other unintentional deaths. 
Pediatricians and other primary 
care providers should actively 
participate in this campaign.

Public education should continue for 
all who care for infants, including 
parents, child care providers, 
grandparents, foster parents, and 
babysitters, and should include 
strategies for overcoming barriers to 
behavior change.

The campaign should continue to 
have a special focus on the black and 
American Indian/Alaskan Native 
populations because of the higher 
incidence of SIDS and other sleep-
related infant deaths in these groups.

The campaign should specifically 
include strategies to increase 
breastfeeding while decreasing 
bed-sharing, and eliminating 
tobacco smoke exposure. The 
campaign should also highlight the 
circumstances that substantially 
increase the risk of SIDS or 
unintentional injury or death while 
bed-sharing, as listed previously.

These recommendations should 
be introduced before pregnancy 
and ideally in secondary school 
curricula to both males and females 
and incorporated into courses 
developed to train teenaged and 
adult babysitters. The importance 
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of maternal preconceptional 
health, infant breastfeeding, and 
the avoidance of substance use 
(including alcohol and smoking) 
should be included in this training.

Safe sleep messages should be 
reviewed, revised, and reissued at 
least every 5 years to address the 
next generation of new parents and 
products on the market.

19. Continue research and 
surveillance on the risk factors, 
causes, and pathophysiologic 
mechanisms of SIDS and other 
sleep-related infant deaths, with 
the ultimate goal of eliminating 
these deaths altogether.
Education campaigns need to 
be evaluated, and innovative 
intervention methods need to be 
encouraged and funded.

Continued research and improved 
surveillance on the etiology and 
pathophysiologic basis of SIDS should 
be funded.

Standardized protocols for death 
scene investigations, as per Centers 
for Disease Control and Prevention 
protocol, should continue to be 
implemented. Comprehensive 
autopsies, including full external and 
internal examination of all major 
organs and tissues including the brain; 
complete radiographs; metabolic 
testing; and toxicology screening 
should be performed. Training about 
how to conduct a comprehensive 
death scene investigation offered to 
medical examiners, coroners, death 
scene investigators, first responders, 
and law enforcement should continue; 
and resources to maintain training 
and conduct of these investigations 
need to be allocated. In addition, child 
death reviews, with involvement of 
pediatricians and other primary care 
providers, should be supported and 
funded.
Improved and widespread 
surveillance of SIDS and SUID cases 
should be implemented and funded.

Federal and private funding agencies 
should remain committed to all 

aspects of the aforementioned 
research.
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abstractApproximately 3500 infants die annually in the United States from sleep-
related infant deaths, including sudden infant death syndrome (SIDS), 
ill-defi ned deaths, and accidental suffocation and strangulation in bed. 
After an initial decrease in the 1990s, the overall sleep-related infant death 
rate has not declined in more recent years. Many of the modifi able and 
nonmodifi able risk factors for SIDS and other sleep-related infant deaths 
are strikingly similar. The American Academy of Pediatrics recommends a 
safe sleep environment that can reduce the risk of all sleep-related infant 
deaths. Recommendations for a safe sleep environment include supine 
positioning, use of a fi rm sleep surface, room-sharing without bed-sharing, 
and avoidance of soft bedding and overheating. Additional recommendations 
for SIDS risk reduction include avoidance of exposure to smoke, alcohol, and 
illicit drugs; breastfeeding; routine immunization; and use of a pacifi er. New 
evidence and rationale for recommendations are presented for skin-to-skin 
care for newborn infants, bedside and in-bed sleepers, sleeping on couches/
armchairs and in sitting devices, and use of soft bedding after 4 months 
of age. In addition, expanded recommendations for infant sleep location 
are included. The recommendations and strength of evidence for each 
recommendation are published in the accompanying policy statement, “SIDS 
and Other Sleep-Related Infant Deaths: Updated 2016 Recommendations for a 
Safe Infant Sleeping Environment, ” which is included in this issue.

SEARCH STRATEGY AND METHODOLOGY

Literature searches with the use of PubMed were conducted for each of 
the topics in the technical report, concentrating on articles published 
since 2011 (when the last technical report and policy statement were 
published 1,  2). All iterations of the search terms were used for each topic 
area. For example, the pacifier topic search combined either “SIDS, ” 
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“SUID, ” “sudden death, ” or “cot 
death” with “pacifier, ” “dummy, ” 
“soother, ” and “sucking.” A total of 
63 new studies were judged to be 
of sufficiently high quality to be 
included in this technical report. In 
addition, because the data regarding 
bed-sharing have been conflicting, 
the independent opinion of a 
biostatistician with special expertise 
in perinatal epidemiology was 
solicited. The strength of evidence 
for recommendations, using the 
Strength-of-Recommendation 
Taxonomy,  3 was determined by 
the task force members. A draft 
version of the policy statement and 
technical report was submitted to 
relevant committees and sections of 
the American Academy of Pediatrics 
(AAP) for review and comment. After 
the appropriate revisions were made, 
a final version was submitted to the 
AAP Executive Committee for final 
approval.

SUDDEN UNEXPECTED INFANT 
DEATH AND SUDDEN INFANT DEATH 
SYNDROME: DEFINITIONS AND 
DIAGNOSTIC ISSUES

Sudden unexpected infant death 
(SUID), also known as sudden 
unexpected death in infancy (SUDI), 
is a term used to describe any 
sudden and unexpected death, 
whether explained or unexplained 
(including sudden infant death 
syndrome [SIDS] and ill-defined 
deaths), occurring during infancy. 
After case investigation, SUID can 
be attributed to causes of death 
such as suffocation, asphyxia, 
entrapment, infection, ingestions, 
metabolic diseases, and trauma 
(unintentional or nonaccidental). 
SIDS is a subcategory of SUID and 
is a cause assigned to infant deaths 
that cannot be explained after a 
thorough case investigation including 
autopsy, a scene investigation, and 
review of clinical history. 4 (See 
 Table 1 for definitions of terms.) 
The distinction between SIDS and 
other SUIDs, particularly those that 

occur during an unobserved sleep 
period (ie, sleep-related infant 
deaths), such as unintentional 
suffocation, is challenging, cannot be 
determined by autopsy alone, and 
may remain unresolved after a full 
case investigation. A few deaths that 
are diagnosed as SIDS are found, with 
further specialized investigations, 
to be attributable to metabolic 
disorders or arrhythmia-associated 
cardiac channelopathies.

Although standardized guidelines 
for conducting thorough case 
investigations have been developed 
(http:// www. cdc. gov/ sids/ pdf/ 
suidi- form2- 1- 2010. pdf),  5 these 
guidelines have not been uniformly 
adopted across the >2000 US medical 
examiner and coroner jurisdictions. 6 
Information from emergency 
responders, scene investigators, and 
caregiver interviews may provide 
additional evidence to assist death 
certifiers (ie, medical examiners and 
coroners) in accurately determining 
the cause of death. However, death 
certifiers represent a diverse group 
with varying levels of skill and 
education. In addition, there are 
diagnostic preferences. Recently, 
much attention has focused on 
reporting differences among death 
certifiers. On one extreme, some 
certifiers have abandoned the 
use of SIDS as a cause-of-death 
explanation. 6 At the other extreme, 
some certifiers will not classify a 
death as suffocation in the absence 
of a pathologic marker of asphyxia 
at autopsy (ie, pathologic findings 

diagnostic of oronasal occlusion 
or chest compression 7), even with 
strong evidence from the scene 
investigation suggesting a probable 
unintentional suffocation.

US Trends in SIDS, Other SUIDs, and 
Postneonatal Mortality

To monitor trends in SIDS and other 
SUIDs nationally, the United States 
classifies diseases and injuries 
according to the International 
Statistical Classification of Diseases 
(ICD) diagnostic codes. In the United 
States, the National Center for Health 
Statistics assigns a SIDS diagnostic 
code (International Classification 
of Diseases, 10th Revision [ICD-10] 
R95) if the death is classified with 
terminology such as SIDS (including 
presumed, probable, or consistent 
with SIDS), sudden infant death, 
sudden unexplained death in infancy, 
sudden unexpected infant death, 
SUID, or SUDI on the certified death 
certificate. 8,  9 A death will be coded 
“other ill-defined and unspecified 
causes of mortality” (ICD-10 R99) if 
the cause of the death is reported as 
unknown or unspecified. 8 A death 
is coded “accidental suffocation 
and strangulation in bed” (ICD-10 
W75) when the terms asphyxia, 
asphyxiated, asphyxiation, strangled, 
strangulated, strangulation, 
suffocated, or suffocation are 
reported, along with the terms bed 
or crib. This code also includes 
deaths while sleeping on couches and 
armchairs.

TABLE 1  Defi nitions of Terms

Caregivers: Throughout the document, “parents” are used, but this term is meant to indicate any infant 
caregivers.

Bed-sharing: Parent(s) and infant sleeping together on any surface (bed, couch, chair).
Cosleeping: This term is commonly used, but the task force fi nds it confusing and it is not used in this 

document. When used, authors need to make clear whether they are referring to sleeping in close 
proximity (which does not necessarily entail bed-sharing) or bed-sharing.

Room-sharing: Parent(s) and infant sleeping in the same room on separate surfaces.
Sleep-related infant death: SUID that occurs during an observed or unobserved sleep period.
Sudden infant death syndrome (SIDS): Cause assigned to infant deaths that cannot be explained after 

a thorough case investigation including a scene investigation, autopsy, and review of the clinical 
history. 4

Sudden unexpected infant death (SUID), or sudden unexpected death in infancy (SUDI): A sudden and 
unexpected death, whether explained or unexplained (including SIDS), occurring during infancy.
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Although SIDS was defined 
somewhat loosely until the mid-
1980s, there was minimal change in 
the incidence of SIDS in the United 
States until the early 1990s. In 
1992, in response to epidemiologic 
reports from Europe and Australia, 
the AAP recommended that 
infants be placed for sleep in a 
nonprone position as a strategy 
to reduce the risk of SIDS. 10 The 
“Back to Sleep” campaign (which 
is now known as the “Safe to 
Sleep” campaign 11) was initiated 
in 1994 under the leadership of 
the National Institute of Child 
Health and Human Development 
(now the Eunice Kennedy Shriver 
National Institute of Child Health 
and Human Development) as 
a joint effort of the Maternal 
and Child Health Bureau of the 
Health Resources and Services 
Administration, the AAP, the SIDS 
Alliance (now First Candle), and 
the Association of SIDS and Infant 
Mortality Programs. Between 1992 
and 2001, the SIDS rate declined, 

 

with the most dramatic declines 
in the years immediately after 
the first nonprone sleep position 
recommendations, and this decline 
was consistent with the steady 
increase in the prevalence of supine 
sleeping ( Fig 1). 12 The US SIDS rate 
decreased from 120 deaths per 
100 000 live births in 1992 to 56 
deaths per 100 000 live births in 
2001, representing a reduction of 
53% over 10 years. From 2001 to 
2008, the rate remained constant 
(Fig 1) and then declined from 54 
per 100 000 live births in 2009 to 
40 in 2013 (the latest year that data 
are available). In 2013, 1561 infants 
died of SIDS. 13 Although SIDS rates 
have declined by >50% since the 
early 1990s, SIDS remains the 
leading cause of postneonatal (28 
days to 1 year of age) mortality.

The all-cause postneonatal death rate 
follows a trend similar to the SIDS 
and SUID rates, with a 26% decline 
from 1992 to 2001 (from 314 to 231 
per 100 000 live births). From 2001 
until 2009, postneonatal mortality 

rates also remained fairly unchanged 
(from 231 to 222 per 100 000 live 
births), and then have declined 
yearly since 2009 to a rate of 193 
per 100 000 live births in 2013. 14 
Several studies have observed that 
some deaths previously classified 
as SIDS (ICD-10 R95) are now being 
classified as other causes of sleep-
related infant death (eg, accidental 
suffocation and strangulation in 
bed [ASSB; ICD-10 W75] or other 
ill-defined or unspecified causes 
[ICD-10 R99]),  15,  16 and that at least 
some of the decline in SIDS rates 
may be explained by increasing rates 
of these other assigned causes of 
SUID. 15, 17 To account for variations 
in death certifier classification and 
to more consistently track SIDS and 
other sleep-related infant deaths, 
the National Center for Health 
Statistics has created the special 
cause-of-death category SUID. The 
SUID category captures deaths with 
an underlying cause coded as ICD-
10 R95, R99, and W75. 13 In 2013, 
SIDS accounted for 46% of the 3422 

 FIGURE 1
Trends in SUID by cause, 1990–2013. Source: Centers for Disease Control and Prevention/National Center for Health Statistics, National Vital Statistics 
System, compressed mortality fi le. (Figure duplicated from http:// www. cdc. gov/ sids/ data. htm.)
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SUIDs in the United States. Similar 
to the SIDS rate, the SUID rate also 
declined in the late 2000s, from 99 
per 100 000 live births in 2009 to 87 
in 2013.

Racial and Ethnic Disparities

SIDS and SUID mortality rates, like 
other causes of infant mortality, 
have notable and persistent racial 
and ethnic disparities. 14 Despite 
the decline in SIDS and SUIDs in all 
races and ethnicities, the rate of 
SUIDs among non-Hispanic black 
(172 per 100 000 live births) and 
American Indian/Alaska Native 
(191 per 100 000 live births) 
infants was more than double 
that of non-Hispanic white infants 
(84 per 100 000 live births) in 
2010–2013 ( Fig 2). SIDS rates for 
Asian/Pacific Islander and Hispanic 
infants were much lower than the 
rate for non-Hispanic white infants. 
Furthermore, similar racial and 
ethnic disparities are seen with 
deaths attributed to both ASSB and 
ill-defined or unspecified deaths ( Fig 
2). Differences in the prevalence of 
supine positioning and other sleep 
environment conditions between 
racial and ethnic populations may 
contribute to these disparities. 18 The 
prevalence of supine positioning in 
2010 data from the National Infant 
Sleep Position Study in white infants 
was 75%, compared with 53%, 73%, 
and 80% among black, Hispanic, and 
Asian infants, respectively (Fig 3). 19 
The Pregnancy Risk Assessment 
Monitoring System also monitors the 
prevalence of infant sleep position 
in several states (http:// www. cdc. 
gov/ prams/ pramstat/ index. html). 
In 2011, 78% of mothers reported 
that they most often lay their infants 
on their backs for sleep (26 states 
reporting and most recent year 
available), with 80.3% of white 
mothers and 54% of black mothers 
reporting supine placement. Parent-
infant bed-sharing 20 – 22 and the 
use of soft bedding are also more 
common among black families 

than among other racial/ethnic 
groups.23 – 25

Age at Death

Ninety percent of SIDS cases occur 
before an infant reaches the age of 
6 months. 16 SIDS peaks between 1 
and 4 months of age. Although SIDS 
was once considered a rare event 
during the first month after birth, 
in 2004–2006 nearly 10% of cases 
that were coded as SIDS occurred 
during this period. SIDS is uncommon 

after 8 months of age. 16 A similar age 
distribution is seen for ASSB. 16

PATHOPHYSIOLOGY AND GENETICS OF 
SIDS

A working model of SIDS 
pathogenesis includes a 
convergence of exogenous triggers 
or “stressors” (eg, prone sleep 
position, overbundling, airway 
obstruction), a critical period of 
development, and dysfunctional 

 FIGURE 2
SUID by race/ethnicity, 2010–2013. Source: Centers for Disease Control and Prevention/National 
Center for Health Statistics, National Vital Statistics System, period-linked birth/infant death data. 
(Figure duplicated from http:// www. cdc. gov/ sids/ data. htm.)

 FIGURE 3
Prevalence of supine sleep positioning by maternal race and ethnic origin, 1992–2010. Source: 
National Infant Sleep Position Study. Note that data collection for the National Infant Sleep Position 
Study ended in 2010.
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and/or immature cardiorespiratory 
and/or arousal systems (intrinsic 
vulnerability) that lead to a failure of 
protective responses ( Fig 4). 26 The 
convergence of these factors may 
ultimately result in a combination of 
progressive asphyxia, bradycardia, 
hypotension, metabolic acidosis, 
and ineffectual gasping, leading to 
death. 27 Thus, death may occur as a 
result of the interaction between a 
vulnerable infant and a potentially 
asphyxiating and/or overheating 
sleep environment. 28

The mechanisms responsible 
for intrinsic vulnerability (ie, 
dysfunctional cardiorespiratory and/
or arousal protective responses) 
remain unclear but may be the 
result of in utero environmental 
conditions and/or genetically 
determined maldevelopment 
or delay in maturation. Infants 
who die of SIDS are more likely 
to have been born preterm and/
or were growth restricted, which 
suggests a suboptimal intrauterine 
environment. Other adverse in 
utero environmental conditions 
include exposure to nicotine or other 
components of cigarette smoke and 
alcohol. 29

Recent studies have explored how 
prenatal exposure to cigarette 
smoke may result in an increased 
risk of SIDS. In animal models, 
exposure to cigarette smoke or 
nicotine during fetal development 
alters the expression of the nicotinic 
acetylcholine receptors in areas 
of the brainstem important for 
autonomic function and alters the 
numbers of orexin receptors in 
piglets,  30,  31 reduces the number 
of medullary serotonergic 
(5-hydroxytryptamine [5-HT]) 
neurons in the raphe obscurus in 
mice,  32 increases 5-HT and 5-HT 
turnover in Rhesus monkeys,  33 alters 
neuronal excitability of neurons 
in the nucleus tractus solitarius 
(a brainstem region important for 
sensory integration) in guinea pigs, 34 
and alters fetal autonomic activity 

 

and medullary neurotransmitter 
receptors, including nicotinic 
receptors, in baboons. 35 – 37 From 
a functional perspective, prenatal 
exposure to nicotine causes 
hypoventilation and increased 
apnea 38, 39; reduces hypercarbia 
and hypoxia-induced ventilator 
chemoreflexes in mice, rats,  38 – 40 
and lambs 41; and blunts arousal in 
response to hypoxia in rats40 and 
lambs. 41

In human infants, there are strong 
associations between nicotinic 
acetylcholine receptors and 
serotonergic (5-HT) receptors in the 
brainstem during development,  42 and 
there is important recent evidence of 
epigenetic changes in the placentas of 
infants with prenatal tobacco smoke 
exposure. 43 Prenatal exposure to 
tobacco smoke attenuates recovery 
from hypoxia in preterm infants,  44 
decreases heart rate variability in 
preterm 45 and term46 infants, and 
abolishes the normal relationship 
between heart rate and gestational 
age at birth. 45 Moreover, infants of 
smoking mothers exhibit impaired 
arousal patterns to trigeminal 
stimulation in proportion to 
urinary cotinine concentrations. 47 
It is important to also note that 
prenatal exposure to tobacco smoke 
alters the normal programming of 
cardiovascular reflexes, such that 
the increase in blood pressure and 
heart rate in response to breathing 

4% carbon dioxide or a 60° head-up 
tilt is greater than expected. 48 These 
changes in autonomic function, 
arousal, and cardiovascular 
reflexes may all increase an infant’s 
vulnerability to SIDS.

A recent large systematic review 
of the neuropathologic features 
of unexplained SUDI, including 
only studies that met strict 
criteria, concluded that “the most 
consistent findings, and most 
likely to be pathophysiologically 
significant, are abnormalities of 
serotonergic neurotransmission in 
the caudal brain stem.” 49 Brainstem 
abnormalities that involve the 5-HT 
system in up to 70% of infants who 
die of SIDS have now been confirmed 
in several independent data sets and 
laboratories. 29,  50 –52 These include 
decreased 5-hydroxytryptamine 
1A (5-HT1A) receptor binding, 
a relative decreased binding to 
the 5-HT transporter, increased 
numbers of immature 5-HT neurons, 
and decreased tissue levels of 
5-HT and the rate-limiting enzyme
for 5-HT synthesis, tryptophan
hydroxylase. 53 Moreover, there is
no evidence of excessive serotonin
degradation as assessed by levels
of 5-hydroxyindoleacetic acid (the
main metabolite of serotonin) or
ratios of 5-hydroxyindoleacetic
acid to serotonin. 35 This area of
the brainstem plays a key role in
coordinating many respiratory,
arousal, and autonomic functions,
and when dysfunctional, might
prevent normal protective responses
to stressors that commonly occur
during sleep. Importantly, these
findings are not confined to nuclei
containing 5-HT neurons but also
include relevant projection sites.
Other abnormalities in brainstem
projection sites have been described
as well. For example, abnormalities
of Phox2B immune-reactive
neurons have been reported in the
homologous human retrotrapezoid
nucleus, a region of the brainstem
that receives important 5-HT

 FIGURE 4
Triple risk model for SIDS. Adapted from Filiano 
and Kinney. 26
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projections and is critical to carbon 
dioxide chemoreception and 
implicated in human congenital 
central hypoventilation syndrome. 54

The brainstem has important 
reciprocal connections to the limbic 
system comprising both cortical and 
subcortical components, including 
the limbic cortex, hypothalamus, 
amygdala, and hippocampus. These 
areas of the brain are important in 
the regulation of autonomic function, 
particularly in response to emotional 
stimuli. Thus, the brainstem and 
limbic system constitute a key 
network in controlling many aspects 
of autonomic function. Recently, 
abnormalities in the dentate gyrus 
(a component of the hippocampus) 
were observed in 41% of 153 
infants who died unexpectedly with 
no apparent cause and 43% of the 
subset of deaths classified as SIDS. 
This finding suggests that dysfunction 
of other brain regions interconnected 
with the brainstem may participate 
in the pathogenesis of SIDS. 55 
Dentate gyrus bilamination is also 
found in some cases of temporal 
lobe epilepsy. A future potential 
line of investigation is a possible 
link in brainstem-limbic–related 
homeostatic instability between SIDS 
and sudden unexpected death in 
epilepsy and febrile seizures noted 
in some cases of sudden unexpected 
death in childhood. 55

There are significant associations 
between brainstem 5-HT1A receptor 
binding abnormalities and specific 
SIDS risk factors, including tobacco 
smoking. 52 These data confirm 
results from earlier studies in 
humans 29,  53 and are also consistent 
with studies in piglets that reveal 
that postnatal exposure to nicotine 
decreases medullary 5-HT1A 
receptor immunoreactivity. 56 
Serotonergic neurons located in 
the medullary raphe and adjacent 
paragigantocellularis lateralis play 
important roles in many autonomic 
functions, including the control 
of respiration, blood pressure, 

heart rate, thermoregulation, 
sleep and arousal, and upper 
airway patency. Engineered mice 
with decreased numbers of 5-HT 
neurons and rats or piglets with 
decreased activity secondary to 
5-HT1A autoreceptor stimulation
show diminished ventilator
responses to carbon dioxide,
dysfunctional heat production
and heat loss mechanisms, and
altered sleep architecture.57 The
aberrant thermoregulation in these
models provides evidence for a
biological substrate for the risk of
SIDS associated with potentially
overheating environments.
In addition, mice pups with a
constitutive reduction in 5-HT–
producing neurons (PET1 knockout)
or rat pups in which a large fraction
of medullary 5-HT neurons have
been destroyed with locally applied
neurotoxins have a decreased ability
to auto-resuscitate in response to
asphyxia. 58,  59 Moreover, animals with
5-HT neuron deficiency caused by
direct injection of a 5-HT–selective
neurotoxin had impaired arousal in
response to hypoxia. 60

Some cases of SUID have a clear 
genetic cause, such as medium-chain 
acyl-coenzyme A dehydrogenase 
deficiency. A recent study in 
California showed that the frequency 
of mutations for undiagnosed inborn 
errors of metabolism was similar in 
SIDS and controls and that newborn 
screening was effectively detecting 
medium-chain and very-long-chain 
acyl-coenzyme A dehydrogenase 
deficiencies that could potentially 
lead to SUID. 61 There is no evidence 
of a strong heritable contribution 
for SIDS; however, genetic 
alterations that may increase the 
vulnerability to SIDS have been 
observed. Genetic variation can 
take the form of common base 
changes (polymorphisms) that 
alter gene function or rare base 
changes (mutations) that often have 
highly deleterious effects. (For a 
comprehensive review, see Opdal 

and Rognum. 62) Several categories 
of physiologic functions relevant 
to SIDS have been examined for 
altered genetic makeup. Genes 
related to the serotonin transporter, 
cardiac channelopathies, and the 
development of the autonomic 
nervous system are the subject of 
current investigation. 63 The serotonin 
transporter recovers serotonin from 
the extracellular space and largely 
serves to regulate overall serotonin 
neuronal activity. There are reports 
that polymorphisms in the promoter 
region that enhance the efficacy of 
the transporter (L) allele seem to be 
more prevalent in infants who die of 
SIDS compared with polymorphisms 
that reduce efficacy (S) 62; however, 
at least 1 study did not confirm 
this association.64 It has also been 
reported that a polymorphism 
(12-repeat intron 2) of the promoter 
region of the serotonin transporter, 
which also enhances serotonin 
transporter efficiency, was increased 
in black infants who died of SIDS 63 
but not in a Norwegian population. 62

It has been estimated that 5% to 
10% of infants who die of SIDS 
have novel mutations in the cardiac 
sodium or potassium channel genes, 
resulting in long QT syndrome, as 
well as in other genes that regulate 
channel function. 63 Some of these 
mutations may represent an actual 
cause of death, but others may 
contribute to causing death when 
combined with environmental 
factors, such as acidosis. 65 There 
is molecular and functional 
evidence that implicates specific 
SCN5A (sodium channel gene) β
subunits in SIDS pathogenesis. 66 
In addition, 2 rare mutations in 
connexin 43, a major gap junction 
protein, have been found in SIDS 
cases and not in ethnically matched 
controls. 67 In vitro assays of 1 
mutation showed a lack of gap 
junction function, which could lead 
to ventricular arrhythmogenesis. 
The other mutation did not appear 
to have functional consequences. 
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A recent study also adds weight 
to the need to perform functional 
assays and morphologic studies of 
the altered gene products. Several 
of the missense variants in genes 
encoding cardiac channels that 
have been found in SIDS cases had 
a high prevalence in the National 
Heart, Lung, and Blood Institute 
GO Exome Sequencing Project 
Database.68 A large study in a 
nonreferred nationwide Danish 
cohort estimated that up to 7.5% 
of SIDS cases may be explained 
by genetic variants in the sodium 
channel complex. 69 These estimates 
are in the range of those previously 
reported. However, it is important 
that for each channelopathy 
variant discovered, the biological 
plausibility for pathogenicity is 
investigated to consider it as a cause 
of or contributor in SIDS.

The identification of polymorphisms 
in genes pertinent to the embryologic 
origin of the autonomic nervous 
system in SIDS cases also lends 
support to the hypothesis that a 
genetic predisposition contributes 
to the etiology of SIDS. The PACAP
(pituitary adenylate cyclase-
activation polypeptide) gene and the 
gene of 1 of its receptors (PAC1) have 
received recent attention because 
of the apparent racial differences in 
their expression. For example, there 
were no associations between PACAP 
and SIDS found in white infants, 
but in SIDS cases in black infants 
a specific allele was significantly 
associated. 70 Although in a recent 
study, a strong association between 
variants in the PAC1 gene and SIDS 
was not found, a number of potential 
associations between race-specific 
variants and SIDS were identified; 
these warrant further study. 71 There 
have also been a number of reports of 
polymorphisms or mutations in genes 
regulating inflammation,  72,  73 energy 
production, 74 – 76 and hypoglycemia 77 
in infants who died of SIDS, but these 
associations require more study to 
determine their importance.

 

RECOMMENDATIONS TO REDUCE THE 
RISK OF SIDS AND OTHER SLEEP-
RELATED INFANT DEATHS

The recommendations outlined 
herein were developed to reduce 
the risk of SIDS and sleep-
related suffocation, asphyxia, and 
entrapment among infants in the 
general population. As defined 
by epidemiologists, risk refers to 
the probability that an outcome 
will occur given the presence of a 
particular factor or set of factors. 
Although all recommendations 
are intended for all who care for 
infants, some recommendations 
are also directed toward health 
policy makers, researchers, and 
professionals who care for or work 
on behalf of infants. In addition, 
because certain behaviors, such as 
smoking, can increase risk for the 
infant, some recommendations are 
directed toward women who are 
pregnant or may become pregnant in 
the near future.

The recommendations, along with 
the strength of the recommendation, 
are summarized in the accompanying 
policy statement. 78 It should be 
noted that there are no randomized 
controlled trials with regard to SIDS 
and other sleep-related deaths; 
instead, case-control studies are the 
standard.

The recommendations are based on 
epidemiologic studies that include 
infants up to 1 year of age. Therefore, 
recommendations for sleep position 
and the sleep environment, unless 
otherwise specified, are for the 
first year after birth. The evidence-
based recommendations that follow 
are provided to guide health care 
practitioners in conversations with 
parents and others who care for 
infants. Health care practitioners 
are encouraged to have open and 
nonjudgmental conversations with 
families about their sleep practices. 
Individual medical conditions may 
warrant that a health care provider 
make different recommendations 

after weighing the relative risks and 
benefits.

INFANT SLEEP POSITION

To reduce the risk of SIDS, infants 
should be placed for sleep in the 
supine position (wholly on the 
back) for every sleep period by 
every caregiver until 1 year of age. 
Side sleeping is not safe and is not 
advised.

The prone or side sleep position 
can increase the risk of rebreathing 
expired gases, resulting in 
hypercapnia and hypoxia. 79  – 82 The 
prone position also increases the 
risk of overheating by decreasing the 
rate of heat loss and increasing body 
temperature more than the supine 
position.83,  84 Evidence suggests that 
prone sleeping alters the autonomic 
control of the infant cardiovascular 
system during sleep, particularly at 2 
to 3 months of age,  85 and may result 
in decreased cerebral oxygenation. 86 
The prone position places infants at 
high risk of SIDS (odds ratio [OR]: 
2.3–13.1). 87  – 91 In 1 US study, SIDS 
risk associated with the side position 
was similar in magnitude to that 
associated with the prone position 
(ORs: 2.0 and 2.6, respectively),  88 
and a higher population-attributable 
risk has been reported for the side 
sleep position than for the prone 
position.90,  92 Furthermore, the risk 
of SIDS is exceptionally high for 
infants who are placed on the side 
and found on the stomach (OR: 8.7). 88 
The side sleep position is inherently 
unstable, and the probability of an 
infant rolling to the prone position 
from the side sleep position is 
significantly greater than rolling 
prone from the back. 90,  93 Infants 
who are unaccustomed to the prone 
position and who are placed prone 
for sleep are also at greater risk 
than those usually placed prone 
(adjusted OR: 8.7–45.4).88,  94,  95 It is 
therefore critically important that 
every caregiver use the supine sleep 
position for every sleep period. 
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This is particularly relevant in 
situations in which a new caregiver 
is introduced: for example, when an 
infant is placed in foster care or an 
adoptive home or when an infant 
enters child care for the first time.

Despite these recommendations, 
the prevalence of supine positioning 
has remained stagnant for the past 
decade. 19 One reason often cited by 
parents for not using the supine sleep 
position is the perception that the 
infant is uncomfortable or does not 
sleep well. 96      –104 However, an infant 
who wakes frequently is normal 
and should not be perceived as a 
poor sleeper. Physiologic studies 
show that infants are less likely to 
arouse when they are sleeping in the 
prone position. 105      – 113 The ability to 
arouse from sleep is an important 
protective physiologic response to 
stressors during sleep, 114   – 118 and the 
infant’s ability to sleep for sustained 
periods may not be physiologically 
advantageous.

The supine sleep position does not 
increase the risk of choking and 
aspiration in infants, even in those 
with gastroesophageal reflux.

Parents and caregivers continue to 
be concerned that the infant will 
choke or aspirate while supine. 96      – 104 
Parents often misconstrue coughing 
or gagging, which is evidence of a 
normal protective gag reflex, for 
choking or aspiration. Multiple 
studies in different countries have 
not shown an increased incidence 
of aspiration since the change to 
supine sleeping.119 – 121 Parents and 
caregivers are often concerned about 
aspiration when the infant has been 
diagnosed with gastroesophageal 
reflux. The AAP concurs with the 
North American Society for Pediatric 
Gastroenterology and Nutrition 
that “the risk of SIDS outweighs 
the benefit of prone or lateral sleep 
position on GER [gastroesophageal 
reflux]; therefore, in most infants 
from birth to 12 months of age, 
supine positioning during sleep is 
recommended…. Therefore, prone 

positioning is acceptable if the infant 
is observed and awake, particularly 
in the postprandial period, but 
prone positioning during sleep can 
only be considered in infants with 
certain upper airway disorders 
in which the risk of death from 
GERD [gastroesophageal reflux 
disease] may outweigh the risk of 
SIDS.” 122 Examples of such upper 
airway disorders are those in which 
airway-protective mechanisms are 
impaired, including infants with 
anatomic abnormalities, such as type 
3 or 4 laryngeal clefts, who have 
not undergone antireflux surgery. 
There is no evidence that infants 
receiving nasogastric or orogastric 
feedings are at increased risk of 
aspiration if placed in the supine 
position. Elevating the head of the 
infant’s crib while the infant is 
supine is not effective in reducing 
gastroesophageal reflux 123, 124; in 
addition, elevating the head of the 
crib may result in the infant sliding 
to the foot of the crib into a position 
that may compromise respiration and 
therefore is not recommended.

Preterm infants should be placed 
supine as soon as possible.

Infants born preterm have an 
increased risk of SIDS,  125,  126 and 
the association between the prone 
position and SIDS among low birth 
weight and preterm infants is 
equal to, or perhaps even stronger 
than, the association among those 
born at term. 94 Therefore, preterm 
infants should be placed supine for 
sleep as soon as clinical status has 
stabilized. The task force concurs 
with the AAP Committee on Fetus 
and Newborn that “preterm infants 
should be placed supine for sleeping, 
just as term infants should, and the 
parents of preterm infants should 
be counseled about the importance 
of supine sleeping in preventing 
SIDS. Hospitalized preterm infants 
should be kept predominantly in 
the supine position, at least from 
the postmenstrual age of 32 weeks 
onward, so that they become 

acclimated to supine sleeping before 
discharge.” 127 Furthermore, the task 
force believes that neonatologists, 
neonatal nurses, and other health 
care providers responsible for 
organizing the hospital discharge 
of infants from NICUs should be 
vigilant about endorsing the SIDS 
risk-reduction recommendations 
from birth. They should model 
the recommendations as soon as 
the infant is medically stable and 
significantly before the infant’s 
anticipated discharge from the 
hospital. In addition, NICUs 
are encouraged to develop and 
implement policies to ensure that 
supine sleeping and other safe 
sleep practices are modeled for 
parents beforeo discharge from the 
hospital.128,  129

As stated in the AAP clinical report, 
“skin-to-skin care is recommended 
for all mothers and newborns, 
regardless of feeding or delivery 
method, immediately following 
birth (as soon as the mother is 
medically stable, awake, and able 
to respond to her newborn), and 
to continue for at least an hour.” 130

Thereafter, or when the mother 
needs to sleep or take care of other 
needs, infants should be placed 
supine in a bassinet.

Placing infants on the side after 
birth in newborn nurseries or in 
mother-infant rooms continues to be 
a concern. The practice likely occurs 
because of a belief among nursery 
staff that newborn infants need to 
clear their airways of amniotic fluid 
and may be less likely to aspirate 
while on the side. No evidence that 
such fluid will be cleared more 
readily while in the side position 
exists. Perhaps most importantly, 
if parents observe health care 
providers placing infants in the side 
or prone position, they are likely to 
infer that supine positioning is not 
important 131 and therefore may be 
more likely to copy this practice 
and use the side or prone position 
at home. 101,  104,  132 Infants who are 
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rooming in with their parents or 
cared for in a separate newborn 
nursery should be placed in the 
supine position as soon as they are 
ready to be placed in the bassinet. 
To promote breastfeeding, placing 
the infant skin-to-skin with mother 
after delivery, with appropriate 
observation and/or monitoring, is 
the best approach. When the mother 
needs to sleep or take care of other 
needs, the infant should be placed 
supine in a bassinet.

Once an infant can roll from supine 
to prone and from prone to supine, 
the infant may remain in the sleep 
position that he or she assumes.

Parents and caregivers are frequently 
concerned about the appropriate 
strategy for infants who have learned 
to roll over, which generally occurs 
at 4 to 6 months of age. As infants 
mature, it is more likely that they will 
roll. In 1 study, 6% and 12% of 16- to 
23-week-old infants placed on their 
backs or sides, respectively, were 
found in the prone position; among
infants ≥24 weeks of age, 14% of 
those placed on their backs and 
18% of those placed on their sides 
were found in the prone position. 133 
Repositioning the sleeping infant 
to the supine position can be 
disruptive and may discourage the 
use of the supine position altogether. 
Because data to make specific 
recommendations as to when it 
is safe for infants to sleep in the 
prone position are lacking, the AAP 
recommends that all infants continue 
to be placed supine until 1 year of 
age. If the infant can roll from supine 
to prone and from prone to supine, 
the infant can then be allowed to 
remain in the sleep position that he 
or she assumes. One study analyzing 
sleep-related deaths reported to 
state child death review teams found 
that the predominant risk factor for 
sleep-related deaths in infants 4 to 12 
months of age was rolling into objects 
in the sleep area. 134 Thus, parents 
and caregivers should continue to 
keep the infant’s sleep environment 

 

clear of soft or loose bedding and 
other objects. Parents may be 
reassured in being advised that the 
incidence of SIDS begins to decline 
after 4 months of age. 16

SLEEP SURFACES

Infants should be placed on a firm 
sleep surface (eg, a mattress in a 
safety-approved crib) covered by a 
fitted sheet with no other bedding 
or soft objects to reduce the risk of 
SIDS and suffocation.

To avoid suffocation, rebreathing, 
and SIDS risk, infants should sleep on 
a firm surface (eg, safety-approved 
crib and mattress). The surface 
should be covered by a fitted sheet 
without any soft or loose bedding. 
A firm surface maintains its shape 
and will not indent or conform to 
the shape of the infant’s head when 
the infant is placed on the surface. 
Soft mattresses, including those 
made from memory foam, could 
create a pocket (or indentation) and 
increase the chance of rebreathing or 
suffocation if the infant is placed in or 
rolls over to the prone position. 81,  135

A crib, bassinet, portable crib, or 
play yard that conforms to the 
safety standards of the Consumer 
Product Safety Commission (CPSC) 
is recommended.

Cribs should meet safety standards 
of the CPSC,  136 including those for 
slat spacing, snugly fitting and firm 
mattresses, and no drop sides. The 
AAP recommends the use of new 
cribs, because older cribs may no 
longer meet current safety standards, 
may have missing parts, or may be 
incorrectly assembled. If an older 
crib is to be used, care must be taken 
to ensure that there have been no 
recalls on the crib model, that all of 
the hardware is intact, and that the 
assembly instructions are available.

For some families, the use of a crib 
may not be possible for financial or 
space considerations. In addition, 
parents may be reluctant to place the 

infant in the crib because of concerns 
that the crib is too large for the 
infant or that “crib death” (ie, SIDS) 
only occurs in cribs. Alternate sleep 
surfaces, such as portable cribs, play 
yards, and bassinets that meet safety 
standards of the CPSC,  137,  138 can be 
used and may be more acceptable 
for some families because they are 
smaller and more portable.

Bedside sleepers are attached to the 
side of the parental bed. The CPSC 
has published safety standards for 
bedside sleepers,  139 and they may 
be considered by some parents 
as an option. There are no CPSC 
safety standards for in-bed sleepers. 
The task force cannot make a 
recommendation for or against 
the use of either bedside sleepers 
or in-bed sleepers, because there 
have been no studies examining the 
association between these products 
and SIDS or unintentional injury and 
death, including suffocation. Studies 
of in-bed sleepers are currently 
underway, but results are not yet 
available. Parents and caregivers 
should adhere to the manufacturer’s 
guidelines regarding maximum 
weight of infants who use these 
products. 140,  141 In addition, with the 
use of any of these products, other 
AAP guidelines for safe sleep outlined 
in this document, including supine 
positioning and avoidance of soft 
objects and loose bedding, should be 
followed.

Mattresses should be firm and 
maintain their shape even when 
the fitted sheet designated for that 
model is used, such that there are 
no gaps between the mattress and 
the wall of the bassinet, playpen, 
portable crib, play yard, or bedside 
sleeper. Only mattresses designed 
for the specific product should be 
used. Pillows or cushions should not 
be used as substitutes for mattresses 
or in addition to a mattress. Soft 
materials or objects, such as pillows, 
quilts, comforters, or sheepskins, 
even if covered by a sheet, should 
not be placed under a sleeping infant. 
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Mattress toppers, designed to make 
the sleep surface softer, should not 
be used for infants younger than 1 
year. Any fabric on the crib walls or 
a canopy should be taut and firmly 
attached to the frame so as not to 
create a suffocation risk for the 
infant.

Infants should not be placed for sleep 
on adult-sized beds because of the 
risk of entrapment and suffocation. 142 
Portable bed rails (railings installed 
on the side of the bed that are 
intended to prevent a child from 
falling off of the bed) should not be 
used with infants because of the risk 
of entrapment and strangulation. 143 
The infant should sleep in an area 
free of hazards, including dangling 
cords, electric wires, and window-
covering cords, because these may 
present a strangulation risk.

Recently, special crib mattresses 
and sleep surfaces that claim to 
reduce the chance of rebreathing 
carbon dioxide when the infant is 
in the prone position have been 
introduced. Although there are no 
apparent disadvantages of using 
these mattresses if they meet the 
safety standards as described 
previously, there are no studies that 
show a decreased risk of SUID/SIDS. 
(See section entitled “Commercial 
Devices” for further discussion of 
special mattresses.)

Sitting devices, such as car 
seats, strollers, swings, infant 
carriers, and infant slings, are 
not recommended for routine 
sleep in the hospital or at home, 
particularly for young infants.

Some parents choose to allow their 
infants to sleep in a car seat or 
other sitting device. Sitting devices 
include, but are not restricted to, 
car seats, strollers, swings, infant 
carriers, and infant slings. Parents 
and caregivers often use these 
devices, even when not traveling, 
because they are convenient. One 
study found that the average young 
infant spends 5.7 hours/day in a 

car seat or similar sitting device. 144 
However, there are multiple concerns 
about the use of sitting devices as a 
usual infant sleep location. Placing an 
infant in such devices can potentiate 
gastroesophageal reflux 145 and 
positional plagiocephaly. Because 
they still have poor head control 
and often experience flexion of the 
head while in a sitting position, 
infants younger than 4 months in 
sitting devices may be at increased 
risk of upper airway obstruction 
and oxygen desaturation. 146  – 150 A 
recent retrospective study reviewed 
deaths involving sitting and carrying 
devices (car seats, bouncers, swings, 
strollers, and slings) reported to the 
CPSC between 2004 and 2008. Of the 
47 deaths analyzed, 31 occurred in 
car seats, 5 occurred in slings, 4 each 
occurred in swings and bouncers, 
and 3 occurred in strollers. Fifty-two 
percent of deaths in car seats were 
attributed to strangulation from 
straps; the others were attributed to 
positional asphyxia. 151 In addition, 
analyses of CPSC data report injuries 
from falls when car seats are placed 
on elevated surfaces,  152  – 156 from 
strangulation on unbuckled or 
partially buckled car seat straps,  151 
and from suffocation when car seats 
overturn after being placed on a 
bed, mattress, or couch.155 There are 
also reports of suffocation in infants, 
particularly those who are younger 
than 4 months, who are carried in 
infant sling carriers. 151,  157 – 159 When 
infant slings are used for carrying, 
it is important to ensure that the 
infant’s head is up and above the 
fabric, the face is visible, and the nose 
and mouth are clear of obstructions. 
After nursing, the infant should be 
repositioned in the sling so that 
the head is up and is clear of fabric 
and the airway is not obstructed 
by the adult’s body.151 If an infant 
falls asleep in a sitting device, he 
or she should be removed from the 
product and moved to a crib or other 
appropriate flat surface as soon as 
is safe and practical. Car seats and 
similar products are not stable on 

a crib mattress or other elevated 
surfaces. 152   –156 Infants should not 
be left unattended in car seats and 
similar products, nor should they be 
placed or left in car seats and similar 
products with the straps unbuckled 
or partially buckled. 151

BREASTFEEDING

Breastfeeding is associated 
with a reduced risk of SIDS. The 
protective effect of breastfeeding 
increases with exclusivity. 
Furthermore, any breastfeeding is 
more protective against SIDS than 
no breastfeeding.

The protective role of breastfeeding 
on SIDS is enhanced when 
breastfeeding is exclusive and 
without formula introduction. 160 – 162 
Studies do not distinguish between 
direct breastfeeding and providing 
expressed milk. In the Agency for 
Healthcare Research and Quality’s 
“Evidence Report on Breastfeeding in 
Developed Countries, ” 6 studies were 
included in the SIDS-breastfeeding 
meta-analysis, and ever having 
breastfed was associated with 
a lower risk of SIDS (adjusted 
summary OR: 0.64; 95% confidence 
interval [CI]: 0.51–0.81). 160 The 
German Study of Sudden Infant 
Death, the largest and most recent 
case-control study of SIDS, found that 
exclusive breastfeeding at 1 month of 
age halved the risk of SIDS (adjusted 
OR: 0.48; 95% CI: 0.28–0.82).161 
Another meta-analysis of 18 case-
control studies found an unadjusted 
summary OR for any breastfeeding 
of 0.40 (95% CI: 0.35–0.44) and a 
pooled adjusted OR of 0.55 (95% CI: 
0.44–0.69) ( Fig 5). 162 The protective 
effect of breastfeeding increased 
with exclusivity, with a univariable 
summary OR of 0.27 (95% CI: 0.24–
0.31) for exclusive breastfeeding of 
any duration. 162

Physiologic sleep studies showed 
that breastfed infants are more 
easily aroused from sleep than their 
formula-fed counterparts. 163,  164 In 
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addition, breastfeeding results in 
a decreased incidence of diarrhea, 
upper and lower respiratory 
infections, and other infectious 
diseases 165 that are associated with 
an increased vulnerability to SIDS 
and provides overall immune system 
benefits attributable to maternal 
antibodies and micronutrients 
in human milk. 166, 167 Exclusive 
breastfeeding for 6 months has been 
found to be more protective against 
infectious diseases, compared with 
exclusive breastfeeding to 4 months 
of age and partial breastfeeding 
thereafter. 165 Furthermore, exclusive 
breastfeeding results in a gut 
microbiome that supports a normally 
functioning immune system and 
protection from infectious disease, 
and this commensal microbiome has 
been proposed as another possible 
mechanism or marker for protection 
against SIDS. 168

INFANT SLEEP LOCATION

It is recommended that infants 
sleep in the parents’ room, close to 
the parents’ bed, but on a separate 
surface. The infant’s crib, portable 
crib, play yard, or bassinet should 
be placed in the parents’ bedroom, 
ideally for the first year of life, but 
at least for the first 6 months.

The terms bed-sharing and 
cosleeping are often used 
interchangeably, but they are not 
synonymous. Cosleeping is when 
parent and infant sleep in close 
proximity (on the same surface or 
different surfaces) so as to be able to 
see, hear, and/or touch each 
other. 169,  170 Cosleeping arrangements 
can include bed-sharing or 
sleeping in the same room in close 
proximity. 170,  171 Bed-sharing refers 
to a specific type of cosleeping when 
the infant is sleeping on the same 
surface with another person.170 The 
shared surface can include a bed, 
sofa, or chair. Because the term 
cosleeping can be misconstrued and 
does not precisely describe sleep 

 

arrangements, the AAP recommends 
the use of the terms bed-sharing 
and room-sharing (when the infant 
sleeps in the parents’ room but on a 
separate sleep surface [crib or similar 
surface] close to the parents’ bed) 
(see  Table 1).

The AAP recommends room-sharing, 
because this arrangement decreases 
the risk of SIDS by as much as 50% 89, 

 91,  172,  173 and is safer than bed-
sharing89,  91,  172,  173 or solitary sleeping 
(when the infant is in a separate 
room). 89, 172 In addition, room-sharing 
is most likely to prevent suffocation, 
strangulation, and entrapment that 
may occur when the infant is sleeping 
in the adult bed. Furthermore, 
this arrangement allows close 
proximity to the infant, which will 
facilitate feeding, comforting, and 
monitoring of the infant. Most of the 
epidemiologic studies on which these 
recommendations are based include 
infants up to 1 year of age. Therefore, 
the AAP recommends that infants 
room-share, ideally for the first year 
after birth, but at least for the first 6 
months. Although there is no specific 
evidence for moving an infant to his 
or her own room before 1 year of 
age, room-sharing during the first 6 
months is especially critical because 
the rates of SIDS and other sleep-
related deaths, particularly those 
occurring in bed-sharing situations, 
are highest during that period.

Parent-infant bed-sharing for all or 
part of sleep duration is common. 
In 1 national survey for the period 

2001–2010, 46% of parents 
responded that they had shared 
a bed with their infant (8 months 
or younger) at some point in the 
preceding 2 weeks, and 13.5% 
reported that they usually bed-
shared. 174 In another national survey, 
any bed-sharing was reported by 
42% of mothers at 2 weeks of infant 
age and 27% of mothers at 12 
months of infant age. 175 In a third 
study, almost 60% of mothers of 
infants from birth to 12 months of 
age reported bed-sharing at least 
once. 176 The rate of routine bed-
sharing is higher among some 
racial/ethnic groups, including 
black, Hispanic, and American 
Indian/Alaska Native parents/
infants. 20, 22,  174 There are often 
cultural and personal reasons 
why parents choose to bed-share, 
including convenience for feeding 
(breast or formula), comforting a 
fussy or sick infant, helping the infant 
and/or mother sleep better, bonding 
and attachment, and because it is a 
family tradition. 175,  177 In addition, 
many parents may believe that their 
own vigilance is the only way that 
they can keep their infant safe and 
that the close proximity of bed-
sharing allows them to maintain 
vigilance, even while sleeping. 178 
Some parents will use bed-sharing 
specifically as a safety strategy if 
the infant sleeps in the prone 
position23,  178 or there is concern 
about environmental dangers, such 
as vermin or stray gunfire. 178

 FIGURE 5
Multivariable analysis of any breastfeeding versus no breastfeeding. Adapted from Hauck et al. 162 
log[ ], logarithm of the OR; Weight: weighting that the study contributed to the meta-analysis (by 
sample size); IV, Fixed, 95% CI, fi xed-effect OR with 95% CI.
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Parent-infant bed-sharing continues 
to be highly controversial. Although 
electrophysiologic and behavioral 
studies offer a strong case for its effect 
in facilitating breastfeeding,  179 – 181 
and although many parents believe 
that they can maintain vigilance 
of the infant while they are asleep 
and bed-sharing,  178 epidemiologic 
studies have shown that bed-sharing 
is associated with a number of 
conditions that are risk factors for
 SIDS, including soft bedding, 182  – 185 
head covering,  186 – 189 and, for infants 
of smokers, increased exposure 
to tobacco smoke. 190 In addition, 
bed-sharing is associated with an 
increased risk of SIDS; a recent meta-
analysis of 11 studies investigating 
the association of bed-sharing 
and SIDS showed a summary OR 
of 2.88 (95% CI: 1.99–4.18) with 
bed-sharing. 191 Furthermore, bed-
sharing in an adult bed not designed 
for infant safety, especially when 
associated with other risk factors, 
exposes the infant to additional 
risks for unintentional injury 
and death, such as suffocation, 
asphyxia, entrapment, falls, and 
strangulation.192,  193 Infants younger 
than 4 months 194 and those born 
preterm and/or with low birth 
weight 195 are at the highest risk, 
possibly because immature motor 
skills and muscle strength make 
it difficult to escape potential 
threats. 191 In recent years, the 
concern among public health officials 
about bed-sharing has increased, 
because there have been increased 
reports of SUIDs occurring in high-
risk sleep environments, particularly 
bed-sharing and/or sleeping on a 
couch or armchair.196 – 198

On the other hand, some breastfeeding 
advocacy groups encourage safer bed-
sharing to promote breastfeeding,  199 
and debate continues as to the safety 
of this sleep arrangement for low-risk, 
breastfed infants. In an analysis from 
2 case-control studies in England 
(1993–1996 and 2003–2006), Blair 
et al 200 reported an adjusted OR of 

bed-sharing (excluding bed-sharing 
on a sofa) for infants in the absence 
of parental alcohol or tobacco use 
of 1.1 (95% CI: 0.6–2.9). For infants 
younger than 98 days, the OR was 1.6 
(95% CI: 0.96–2.7). 200 These findings 
were independent of feeding method. 
The study lacked power to examine 
this association in older infants, 
because there was only 1 SIDS case 
in which bed-sharing was a factor 
in the absence of other risk factors. 
Breastfeeding was more common 
among bed-sharing infants, and the 
protective effect of breastfeeding was 
found only for infants who slept alone. 
The controls in these analyses were 
infants who were not bed-sharing/
sofa-sharing regardless of room 
location; thus, they included infants 
who were room-sharing or sleeping 
in a separate room. In addition, the 
control infants included those whose 
parent(s) smoked or used alcohol. It 
is possible that this choice of controls 
overestimated their risk, leading to 
smaller ORs for risk among the cases 
(ie, biasing the results toward the 
null).

Carpenter et al 201 analyzed data 
from 19 studies across the United 
Kingdom, Europe, and Australasia to 
determine the risk of SIDS from bed-
sharing when an infant is breastfed, 
the parents do not smoke, and the 
mother has not taken alcohol or 
drugs. When neither parent smoked, 
in the absence of other risk factors, 
the adjusted OR for bed-sharing 
versus room-sharing for all breastfed 
infants was 2.7 (95% CI: 1.4–5.3). 201 
For breastfed infants younger than 
3 months, in the absence of other 
risk factors, the adjusted OR for bed-
sharing versus room-sharing was 5.1 
(95% CI: 2.3–11.4). The study lacked 
power to examine this association in 
breastfed infants 3 months and older. 
Moreover, the large proportion of 
missing data for maternal alcohol and 
drug use is a limitation, although the 
authors used appropriate multiple 
imputation techniques for addressing 
these missing data.

The task force, recognizing 
the controversial nature of the 
recommendations about bed-
sharing and the different methods 
and interpretations of these 2 sets 
of analyses outlined previously, 
requested an independent review 
of both articles by Dr Robert Platt, 
a biostatistician with expertise in 
perinatal epidemiology from McGill 
University in Canada. Dr Platt has 
no connection to the task force, nor 
does he have a vested interest in the 
recommendations. Dr Platt provided 
the following conclusion: 

The fundamental difference in 
conclusions is that Blair et al 
conclude that bed-sharing in 
the absence of other risk factors 
(smoking, alcohol) does not convey 
an increased risk of SIDS, while 
Carpenter et al conclude the opposite. 
In both studies, the no-other-risk-
factors group is limited in size, 
and the number of exposed cases 
is very small. In Blair et al, there 
are only 24 cases who bed-shared 
in the absence of these hazards. In 
Carpenter et al, although the total 
number of SIDS cases (1472) is 
more than 3 times the number of 
cases in the Blair study (400), the 
number of cases who bed-shared in 
the absence of these hazards was 
only 12 (personal communication, 
Professor Robert Carpenter, January 
25, 2016). Therefore, the Carpenter 
results should be interpreted with 
some caution as well. In conclusion, 
both studies have strengths and 
weaknesses, and while on the surface 
the studies appear to contradict 
each other, I do not believe that their 
data support definitive differences 
between the 2 studies. There is some 
evidence of an increased risk in 
the no-other-risk-factor setting, in 
particular in the youngest age groups. 
However, based on concerns about 
sample size limitations, we are not 
able to say how large that increased 
risk is. Clearly, these data do not 
support a definitive conclusion 
that bed-sharing in the youngest 
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age group is safe, even under less 
hazardous circumstances.

There is insufficient evidence to 
recommend for or against the use 
of devices promoted to make bed-
sharing “safe.”

There is no evidence that devices 
marketed to make bed-sharing 
“safe” reduce the risk of SIDS or 
suffocation or are safe. Several 
products designed for in-bed use are 
currently under study, but results are 
not yet available. Bedside sleepers, 
which attach to the side of the 
parental bed and for which the CPSC 
published standards in 2013, may 
be considered by some parents as an 
option. The task force cannot make 
a recommendation for or against 
the use of either bedside sleepers 
or in-bed sleepers, because there 
have been no studies examining the 
association between these products 
and SIDS or unintentional injury and 
death, including suffocation. (See 
section entitled “Sleep Surfaces” for 
further discussion of sleepers.)

Infants who are brought into the 
bed for feeding or comforting 
should be returned to their own 
crib or bassinet when the parent is 
ready to return to sleep.

Studies have found an association 
between bed-sharing and longer 
duration of breastfeeding,  202 but 
most of these were cross-sectional 
studies, which do not enable 
the determination of a temporal 
relationship: that is, whether bed-
sharing promotes breastfeeding or 
whether breastfeeding promotes 
bed-sharing, and whether women 
who prefer one practice are also 
likely to prefer the other. 203 However, 
a more recent longitudinal study 
provides strong evidence that bed-
sharing promotes breastfeeding 
duration, with the greatest effect 
among frequent bed-sharers. 202 
Another recent study has shown that, 
compared with mothers who room-
shared without bed-sharing, mothers 
who bed-shared were more likely 

 

to report exclusive breastfeeding 
(adjusted OR: 2.46; 95% CI: 
1.76–3.45) or partial breastfeeding 
(adjusted OR: 1.75; 95% CI: 1.33–
2.31). 204 Although bed-sharing may 
facilitate breastfeeding, 175 there are 
other factors, such as intent, that 
influence successful breastfeeding. 205 
Furthermore, 1 case-control study 
found that the risk of SIDS while bed-
sharing was similar among infants in 
the first 4 months of life, regardless 
of breastfeeding status, implying 
that the benefits of breastfeeding 
do not outweigh the increased 
risk associated with bed-sharing 
for younger infants. 194 The risk of 
bed-sharing is higher the longer the 
duration of bed-sharing during the 
night,  91 especially when associated 
with other risks. 89, 90,  206,  207 Returning 
the infant to the crib after bringing 
the infant into the bed for a short 
period of time is not associated with 
increased risk. 90,  207 Therefore, after 
the infant is brought into the bed for 
feeding, comforting, and bonding, the 
infant should be returned to the crib 
when the parent is ready for sleep.

Couches and armchairs are 
extremely dangerous places for 
infants.

Sleeping on couches and armchairs 
places infants at an extraordinarily 
high risk of infant death, including 
SIDS,  87,  89,  90,  173, 200,  207 suffocation 
through entrapment or wedging 
between seat cushions, or overlay if 
another person is also sharing this 
surface. 197 Therefore, parents and 
other caregivers should be especially 
vigilant as to their wakefulness when 
feeding infants or lying with infants 
on these surfaces. It is important to 
emphasize this point to mothers, 
because 25% of mothers in 1 study 
reported falling asleep during the 
night when breastfeeding their infant 
on one of these surfaces. 176 Infants 
should never be placed on a couch or 
armchair for sleep.

Guidance for parents who fall 
asleep while feeding their infant.

The safest place for an infant 
to sleep is on a separate sleep 
surface designed for infants close 
to the parent’s bed. However, the 
AAP acknowledges that parents 
frequently fall asleep while feeding 
the infant. Evidence suggests that 
it is less hazardous to fall asleep 
with the infant in the adult bed than 
on a sofa or armchair, should the 
parent fall asleep. 87,  89,  90,  173, 200,  207 
It is important to note that a large 
percentage of infants who die of SIDS 
are found with their head covered by 
bedding. 186 Therefore, there should 
be no pillows, sheets, blankets, 
or any other items in the bed that 
could obstruct infant breathing 87, 

 182 or cause overheating.208  – 211 
Parents should follow safe sleep 
recommendations outlined 
elsewhere in this statement. Because 
there is evidence that the risk of 
bed-sharing is higher with longer 
duration, if the parent falls asleep 
while feeding the infant in bed the 
infant should be placed back on a 
separate sleep surface as soon as the 
parent awakens. 89, 90,  206,  207

There are specific circumstances 
that, in case-control studies and 
case series, have been shown to 
substantially increase the risk of 
SIDS or unintentional injury or 
death while bed-sharing, and 
these should be avoided at all 
times.

The task force emphasizes that 
certain circumstances greatly 
increase the risk of bed-sharing 
for both breastfed and formula-fed 
infants. Bed-sharing is especially 
dangerous in the following 
circumstances, and these should be 
avoided at all times:

• when one or both parents
are smokers, even if they are
not smoking in bed (OR:
2.3–21.6) 89,  90,  191,  200, 201,  206,  212;

• when the mother smoked during
pregnancy 89,  90,  191,  206, 212;

• when the infant is younger than
4 months of age, regardless of
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parental smoking status (OR: 
4.7–10.4) 89,  91,  173,  191, 201,  207,  213,  214;

• when the infant is born preterm
and/or with low birth weight 195;

• when the infant is bed-sharing
on excessively soft or small
surfaces, such as waterbeds,
sofas, and armchairs (OR:
5.1–66.9) 87,  89,  90,  173, 200,  207;

• when soft bedding accessories such
as pillows or blankets are used
(OR: 2.8–4.1) 87,  215;

• when there are multiple bed-
sharers (OR: 5.4) 87;

• when the parent has consumed
alcohol (OR: 1.66–89.7) 91,  196,  200,  201

and/or illicit or sedating drugs201;
and

• when the infant is bed-sharing with
someone who is not a parent (OR:
5.4). 87

A retrospective series of SIDS cases 
reported that mean maternal body 
weight was higher for bed-sharing 
mothers than for non–bed-sharing 
mothers. 216 The only case-control 
study to investigate the relationship 
between maternal body weight and 
bed-sharing did not find an increased 
risk of bed-sharing with increased 
maternal weight. 217

The safety and benefits of cobedding 
twins and higher-order multiples 
have not been established. It is 
prudent to provide separate sleep 
areas and avoid cobedding (sleeping 
on the same sleep surface) for twins 
and higher-order multiples in the 
hospital and at home.

Cobedding of twins and other infants 
of multiple gestation is a frequent 
practice, both in the hospital setting 
and at home. 218 However, the 
benefits of cobedding twins and 
higher-order multiples have not 
been established. 219 – 221 Twins and 
higher-order multiples are often 
born preterm and with low birth 
weights, so they are at increased risk 
of SIDS.125,  126 Furthermore, cobedding 

increases the potential for overheating 
and rebreathing, and size discordance 
between multiples may increase the 
risk of unintentional suffocation. 220 
Most cobedded twins are placed on 
the side rather than supine. 218 Finally, 
cobedding of twins and higher-order 
multiples in the hospital setting may 
encourage parents to continue this 
practice at home. 220 Because the 
evidence for the benefits of cobedding 
twins and higher-order multiples is 
not compelling and because of the 
increased risk of SIDS and suffocation, 
the AAP believes that it is prudent to 
provide separate sleep areas for these 
infants to decrease the risk of SIDS 
and unintentional suffocation.

USE OF BEDDING

Keep soft objects, such as pillows, 
pillow-like toys, quilts, comforters, 
sheepskins, and loose bedding, 
such as blankets and nonfitted 
sheets, away from the infant’s 
sleep area to reduce the risk of 
SIDS, suffocation, entrapment, and 
strangulation.

Soft objects and loose bedding can 
obstruct an infant’s airway and increase 
the risk of SIDS,  87,  182 suffocation, and 
rebreathing. 79,  81, 82,  135,  222 – 224 In the 
United States, nearly 55% of infants 
are placed to sleep underneath or on 
top of bedding such as thick blankets, 
quilts, and pillows.25 The prevalence 
of bedding use is highest among 
infants whose mothers are teenagers, 
from minority racial groups, and 
among those without a college 
education.

Pillows, quilts, comforters, sheepskins, 
and other soft bedding can be 
hazardous when placed under the 
infant 87,  182,  210,  225  – 229 or left loose in the 
infant’s sleep area. 90, 182,  215,  224,  228    – 234 
Bedding in the sleeping environment 
increases SIDS risk fivefold, 
independent of sleep position, 87,  182 
and this risk increases to 21-fold when 
the infant is placed prone. 87,  182 Many 
infants who die of SIDS are found in the 
supine position but with their heads 

covered by loose bedding. 90, 225,  226,  230 In 
addition, infants who bed-share (share 
a sleep surface) have a higher SIDS risk 
when sleeping on a soft as opposed to 
a firm surface. 215

In addition to SIDS risk, soft objects 
and loose bedding in the sleeping 
environment may also lead to 
unintentional suffocation. 134,  224,  235 A 
review of 66 SUID case investigations 
in 2011 showed that soft bedding 
was the most frequently reported 
factor among deaths classified as 
possible and explained unintentional 
suffocation deaths. 224 In addition, a 
CPSC report of sleep-related infant 
deaths in 2009–2011 found that 
most deaths attributed to suffocation 
(regardless of whether infant was 
sleeping in a crib, on a mattress, or in 
a play yard) involved extra bedding, 
such as pillows or blankets.235 Soft 
bedding (eg, blankets and stuffed 
animals) may also be a stronger risk 
factor for sleep-related deaths among 
infants older than 3 months than it 
is for their younger counterparts, 
especially when infants are placed in 
or roll to the prone position. 134

Parents and caregivers are likely 
motivated by good intentions and 
perceived cultural norms when they 
opt to use bedding for infant sleep. 
Qualitative studies show that parents 
who use bedding want to provide a 
comfortable and safe environment for 
their infant. 236 For comfort, parents 
may use blankets to provide warmth 
or to soften the sleep surface. For 
safety, parents may use pillows as 
barriers to prevent falls from adult 
beds or sofas or as a prop to keep 
their infant on the side. 236 Images of 
infants sleeping with blankets, pillows, 
and other soft objects are widespread 
in popular magazines targeted to 
families with newborn infants. 237 
Parents and caregivers who see these 
images may perceive the use of these 
items as the norm, both favorable and 
the ideal, for infant sleep.

To avoid suffocation, rebreathing, and 
SIDS risk, infants should sleep on a firm 
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surface (see section entitled “Sleep 
Surfaces” for a definition of a firm 
surface). 135 Because pillows, quilts, and 
comforters can obstruct the infant’s 
airway (nose or mouth), they should 
never be used in the infant’s sleeping 
environment. Infant sleep clothing, 
such as sleeping sacks, are designed 
to keep the infant warm and can be 
used in place of blankets to prevent 
the possibility of head covering or 
entrapment. However, care must be 
taken to select appropriately sized 
clothing and to avoid overheating. 
Nursing and hospital staff should 
model safe sleep arrangements to new 
parents after delivery.

Bumper pads are not 
recommended; they have been 
implicated in deaths attributable 
to suffocation, entrapment, and 
strangulation and, with new safety 
standards for crib slats, are not 
necessary for safety against head 
entrapment.

Bumper pads and similar products 
attaching to crib slats or sides 
are frequently used with the 
thought of protecting infants from 
injury. Initially, bumper pads 
were developed to prevent head 
entrapment between crib slats. 238 
However, newer crib standards 
requiring crib slat spacing to be 
<2-3/8 inches have obviated the need 
for crib bumpers. In addition, infant 
deaths have occurred because of 
bumper pads. A case series by Thach 
et al,  239 which used 1985–2005 CPSC 
data, found that deaths attributed to 
bumper pads occurred as a result of 3 
mechanisms: (1) suffocation against 
soft, pillow-like bumper pads; (2) 
entrapment between the mattress 
or crib and firm bumper pads; and 
(3) strangulation from bumper pad 
ties. However, a 2010 CPSC white 
paper that reviewed the same cases 
concluded that there were other 
confounding factors, such as the 
presence of pillows and/or blankets, 
that may have contributed to many of 
the deaths in this report. 240 The white 
paper pointed out that available

 

data from the scene investigations, 
autopsies, law enforcement records, 
and death certificates often lacked 
sufficiently detailed information to 
conclude how or whether bumper 
pads contributed to the deaths. Two 
more recent analyses of CPSC data 
also came to different conclusions. 
The CPSC review concluded again 
that there was insufficient evidence 
to support that bumper pads were 
primarily responsible for infant 
deaths when bumper pads were used 
per the manufacturer’s instructions 
and in the absence of other unsafe 
sleep risk factors. 241 Scheers et al, 242 
in their re-analysis, concluded that 
the rate of bumper pad–related 
deaths has increased, recognizing 
that changes in reporting may 
account for the increase, and that 
67% of the deaths could have been 
prevented if the bumper pads had 
not been present. Limitations of CPSC 
data collection processes contribute 
to the difficulty in determining the 
risk of bumper pad use.

However, others 239,  243 have concluded 
that the use of bumper pads only 
prevents minor injuries, and that 
the potential benefits of preventing 
minor injury with bumper pad use 
are far outweighed by the risk of 
serious injury, such as suffocation 
or strangulation. In addition, most 
bumper pads obscure infant and 
parent visibility, which may increase 
parental anxiety. 236,  238 Other products 
exist that attach to crib sides or crib 
slats and claim to protect infants from 
injury; however, there are no published 
data that support these claims. Because 
of the potential for suffocation, 
entrapment, and strangulation and lack 
of evidence to support that bumper 
pads or similar products that attach 
to crib slats or sides prevent injury 
in young infants, the AAP does not 
recommend their use.

PACIFIER USE

Consider offering a pacifier at 
naptime and bedtime.

Multiple case-control 
studies 87,  91,  207,  244    –250 and 2 meta-
analyses 251,  252 have reported a 
protective effect of pacifiers on 
the incidence of SIDS, particularly 
when used at the time of the last 
sleep period, with decreased risk 
of SIDS ranging from 50% to 90%. 
Furthermore, 1 study found that 
pacifier use favorably modified the 
risk profile of infants who sleep in the 
prone/side position, bed-share, or 
use soft bedding. 253 The mechanism 
for this apparent strong protective 
effect is still unclear, but favorable 
modification of autonomic control 
during sleep 254 and maintaining 
airway patency during sleep255 
have been proposed. Physiologic 
studies of the effect of pacifier use 
on arousal are conflicting; 1 study 
found that pacifier use decreased 
arousal thresholds,  163 but others 
have found no effects on arousability 
with pacifier use. 256,  257 It is common 
for the pacifier to fall from the mouth 
soon after the infant falls asleep; 
even so, the protective effect persists 
throughout that sleep period. 163, 258 
Two studies have shown that 
pacifier use is most protective when 
used for all sleep periods. 207,  250 
However, these studies also showed 
an increased risk of SIDS when the 
pacifier was usually used but not 
used the last time the infant was 
placed for sleep; the significance of 
these findings is yet unclear.

Although some SIDS experts and 
policy makers endorse pacifier use 
recommendations that are similar to 
those of the AAP,  259,  260 concerns about 
possible deleterious effects of pacifier 
use have prevented others from 
making a recommendation for pacifier 
use as a risk-reduction strategy. 261 
Although several observational 
studies 262– 264 have shown a correlation 
between pacifiers and reduced 
breastfeeding duration, a recent 
Cochrane review comparing pacifier 
use and nonuse in healthy term infants 
who had initiated breastfeeding found 
that pacifier use had no effects on 
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partial or exclusive breastfeeding rates 
at 3 and 4 months. 265 Furthermore, 
a systematic review found that the 
highest level of evidence (ie, from 
clinical trials) does not support an 
adverse relationship between pacifier 
use and breastfeeding duration or 
exclusivity. 266 The association between 
shortened duration of breastfeeding 
and pacifier use in observational 
studies likely reflects a number of 
complex factors, such as breastfeeding 
difficulties or intent to wean. 266, 267 
However, some have also raised 
the concern that studies that show 
no effect of pacifier introduction on 
breastfeeding duration or exclusivity 
may not account for early weaning or 
failure to establish breastfeeding. 268 
The AAP policy statement 
“Breastfeeding and the Use of Human 
Milk” includes a recommendation 
that pacifiers can be used during 
breastfeeding but that implementation 
should be delayed until breastfeeding 
is well established. 269 Infants who are 
not being directly breastfed can begin 
pacifier use as soon as desired.

Some dental malocclusions have 
been found more commonly among 
pacifier users than nonusers, but the 
differences generally disappeared 
after pacifier cessation. 270 The 
American Academy of Pediatric 
Dentistry policy statement on oral 
habits states that nonnutritive 
sucking behaviors (ie, fingers or 
pacifiers) are considered normal in 
infants and young children and that, 
in general, sucking habits in children 
to the age of 3 years are unlikely to 
cause any long-term problems. 271 
Pacifier use is associated with an 
approximate 1.2- to 2-fold increased 
risk of otitis media, particularly 
between 2 and 3 years of age. 272,  273 
The incidence of otitis media is 
generally lower in the first year 
after birth, especially the first 6 
months, when the risk of SIDS is the 
highest.274    –279 However, pacifier use, 
once established, may persist beyond 
6 months, thus increasing the risk of 
otitis media. Gastrointestinal tract 

infections and oral colonization with 
Candida species were also found to
be more common among pacifier 
users than nonusers. 275 – 277

Because of the risk of strangulation, 
pacifiers should not be hung around 
the infant’s neck. Pacifiers that attach 
to the infant’s clothing should not be 
used with sleeping infants. Objects, 
such as stuffed toys, that may present 
a suffocation or choking risk, should 
not be attached to pacifiers.

There is insufficient evidence that 
finger sucking is protective against 
SIDS.

The literature on infant finger 
sucking and SIDS is extremely 
limited. Only 2 case-control studies 
have reported these results. 248,  249 
One study from the United States 
showed a protective effect of infant 
finger sucking (reported as “thumb 
sucking”) against SIDS (adjusted 
OR: 0.43; 95% CI: 0.25–0.77), but 
it was less protective than pacifier 
use (adjusted OR: 0.07 [95% CI: 
0.01–0.64] if the infant also sucked 
the thumb; adjusted OR: 0.08 [95% 
CI: 0.03–0.23] if the infant did not 
suck the thumb). 249 Another study 
from The Netherlands did not 
show an association between usual 
finger sucking (reported as “thumb 
sucking”) and SIDS risk (OR: 1.38; 
95% CI: 0.35–1.51), but the wide CI 
suggests that there was insufficient 
power to detect a significant 
association. 248

PRENATAL AND POSTNATAL 
EXPOSURES (INCLUDING SMOKING 
AND ALCOHOL)

Pregnant women should obtain 
regular prenatal care.

There is substantial epidemiologic 
evidence linking a lower risk of SIDS 
for infants whose mothers obtain 
regular prenatal care. 280  – 283 Women 
should obtain prenatal care from 
early in the pregnancy, according to 
established guidelines for frequency 
of prenatal visits.284

Smoking during pregnancy, in the 
pregnant woman’s environment, 
and in the infant’s environment 
should be avoided.

Maternal smoking during pregnancy 
has been identified as a major risk 
factor in almost every epidemiologic 
study of SIDS. 285  – 288 Smoke in the 
infant’s environment after birth has 
been identified as a separate major 
risk factor in a few studies, 286,  289 
although separating this variable 
from maternal smoking before birth 
is problematic. Third-hand smoke 
refers to residual contamination 
from tobacco smoke after the 
cigarette has been extinguished 290; 
there is no research to date on the 
significance of third-hand smoke 
with regard to SIDS risk. Smoke 
exposure adversely affects infant 
arousal 291    – 297; in addition, smoke 
exposure increases the risk of 
preterm birth and low birth weight, 
both risk factors for SIDS. The effect 
of tobacco smoke exposure on 
SIDS risk is dose-dependent. The 
risk of SIDS is particularly high when 
the infant bed-shares with an adult 
smoker (OR: 2.3–21.6), even when 
the adult does not smoke in 
bed.89,  90,  191,  200,  201, 206,  212,  298 It 
is estimated that one-third of 
SIDS deaths could be prevented 
if all maternal smoking during 
pregnancy was eliminated. 299,  300 
The AAP supports the elimination 
of all tobacco smoke exposure, both 
prenatally and environmentally.

Avoid alcohol and illicit drug use 
during pregnancy and after the 
infant’s birth.

Several studies have specifically 
investigated the association of 
SIDS with prenatal and postnatal 
exposure to alcohol or illicit drug 
use, although substance abuse often 
involves more than one substance 
and it is often difficult to separate 
out these variables from each other 
and from smoking. However, 1 study 
in Northern Plains American Indian 
infants found that periconceptional 
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maternal alcohol use (adjusted 
OR: 6.2; 95% CI: 1.6–23.3) and 
maternal first-trimester binge 
drinking (adjusted OR: 8.2; 95% CI: 
1.9–35.3) 211 were associated with 
increased SIDS risk, independent of 
prenatal cigarette smoking exposure. 
A retrospective study from Western 
Australia found that a maternal 
alcoholism diagnosis recorded during 
pregnancy (adjusted hazard ratio: 
6.92; 95% CI: 4.02–11.90) or within 1 
year postpregnancy (adjusted hazard 
ratio: 8.61; 95% CI: 5.04–14.69) was 
associated with increased SIDS risk, 
and the authors estimated that at 
least 16.41% of SIDS deaths were 
attributable to maternal alcohol use 
disorder. 301 Another study from 
Denmark, based on prospective data 
on maternal alcohol use, has also 
shown a significant relationship 
between maternal binge drinking 
and postneonatal infant mortality, 
including SIDS. 302 Parental alcohol 
and/or illicit drug use in combination 
with bed-sharing places the infant 
at particularly high risk of SIDS and 
unintentional suffocation. 91, 196

Rat models have shown increased 
arousal latency to hypoxia in rat 
pups exposed to prenatal alcohol. 303 
Furthermore, postmortem studies 
in Northern Plains American Indian 
infants showed that prenatal 
cigarette smoking was significantly 
associated with decreased serotonin 
receptor binding in the brainstem. 
In this study, the association of 
maternal alcohol drinking in the 3 
months before or during pregnancy 
was of borderline significance on 
univariate analysis but was not 
significant when prenatal smoking 
and case versus control status was 
in the model. 29 However, this study 
had limited power for multivariate 
analysis because of the small sample 
size. One study found an association 
of SIDS with heavy alcohol 
consumption in the 2 days before the 
death. 304 Several studies have found 
a particularly strong association 
when alcohol consumption or illicit 

 

drug use occurs in combination with 
bed-sharing. 89– 91,  305

Studies investigating the relationship 
of illicit drug use and SIDS have 
focused on specific drugs or illicit 
drug use in general. One study 
found maternal cannabis use to be 
associated with an increased risk 
of SIDS (adjusted OR: 2.35; 95% CI: 
1.36–4.05) at night but not during the 
day. 306 In utero exposure to opiates 
(primarily methadone and heroin) 
has been shown in retrospective 
studies to be associated with an 
increased risk of SIDS. 307,  308 
With the exception of 1 study that did 
not show an increased risk,  309 
population-based studies have 
generally shown an increased risk 
with in utero cocaine exposure.310 – 312 
However, these studies did not 
control for confounding factors. 
A prospective cohort study found 
the SIDS rate to be significantly 
increased for infants exposed in 
utero to methadone (OR: 3.6; 95% 
CI: 2.5–5.1), heroin (OR: 2.3; 95% 
CI: 1.3–4.0), methadone and heroin 
(OR: 3.2; 95% CI: 1.2–8.6), and 
cocaine (OR: 1.6; 95% CI: 1.2–2.2), 
even after controlling for race/
ethnicity, maternal age, parity, birth 
weight, year of birth, and maternal 
smoking. 313 In addition, a meta-
analysis of studies investigating 
an association between in utero 
cocaine exposure and SIDS found 
an increased risk of SIDS to be 
associated with prenatal exposure to 
cocaine and illicit drugs in general. 314

OVERHEATING, FANS, AND ROOM 
VENTILATION

Avoid overheating and head 
covering in infants.

The amount of clothing or blankets 
covering an infant and the room 
temperature are associated with an 
increased risk of SIDS. 208  – 211 Infants 
who sleep in the prone position have 
a higher risk of overheating than 
supine sleeping infants.210 However, 

the definition of overheating in the 
studies that found an increased risk 
of SIDS varies. It is therefore difficult 
to provide specific room temperature 
guidelines to avoid overheating.

It is unclear whether the relationship 
to overheating is an independent 
factor or merely a reflection of the 
increased risk of SIDS and suffocation 
with blankets and other potentially 
asphyxiating objects in the sleeping 
environment. Head covering during 
sleep is of particular concern. In 
1 systematic review, the pooled mean 
prevalence of head covering among 
SIDS victims was 24.6%, compared 
with 3.2% among control infants. 186 
It is not known whether the risk 
related to head covering is due to 
overheating, hypoxia, or rebreathing.

Some have suggested that room 
ventilation may be important. One 
study found that bedroom heating, 
compared with no bedroom heating, 
increases SIDS risk (OR: 4.5),  315 and 
another study showed a decreased 
risk of SIDS in a well-ventilated 
bedroom (windows and doors open; 
OR: 0.4). 316 In 1 study, the use of a 
fan appeared to reduce the risk of 
SIDS (adjusted OR: 0.28; 95% CI: 
0.10–0.77). 317 However, because of 
the possibility of recall bias, the small 
sample size of controls who used 
fans (n = 36), a lack of detail about
the location and types of fans used, 
and the weak link to a mechanism, 
this study should be interpreted with 
caution. On the basis of available 
data, the task force cannot make a 
recommendation on the use of a fan 
as a SIDS risk-reduction strategy.

IMMUNIZATIONS

Infants should be immunized in 
accordance with AAP and Centers 
for Disease Control and Prevention 
recommendations.

The incidence of SIDS peaks at a 
time when infants are receiving 
numerous immunizations. Case 
reports of a cluster of deaths shortly 
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after immunization with diphtheria-
tetanus toxoids-pertussis vaccine in 
the late 1970s created concern of a 
possible causal relationship between 
vaccinations and SIDS. 318  – 321 Case-
control studies were performed to 
evaluate this temporal association. 
Four of the 6 studies showed no 
relationship between diphtheria-
tetanus toxoids-pertussis vaccination 
and subsequent SIDS322  – 325; the other 
2 suggested a temporal relationship, 
but only in specific subgroup 
analysis. 326, 327 In 2003, the Institute 
of Medicine reviewed available data 
and concluded the following: “The 
evidence favors rejection of a causal 
relationship between exposure to 
multiple vaccinations and SIDS.” 328 
Several analyses of the US Vaccine 
Adverse Event Reporting System 
database have shown no relationship 
between vaccines and SIDS. 329 – 331 In 
addition, several large-population 
case-control trials consistently have 
found vaccines to be protective 
against SIDS332  – 335; however, 
confounding factors (social, maternal, 
birth, and infant medical history) may 
account for this protective effect. 336 
It also has been theorized that the 
decreased SIDS rate immediately 
after vaccination was attributable 
to infants being healthier at the time 
of immunization, or “the healthy 
vaccinee effect.”337 Recent illness 
would both place infants at higher 
risk of SIDS and make them more 
likely to have immunizations 
deferred. 338

Recent studies have attempted to 
control for confounding by social, 
maternal, birth, and infant medical 
history. 332,  334,  338 A meta-analysis 
of 4 studies found a multivariate 
summary OR for immunizations and 
SIDS to be 0.54 (95% CI: 0.39–0.76), 
indicating that the risk of SIDS is 
halved by immunization. 338 The 
evidence continues to show no causal 
relationship between immunizations 
and SIDS and suggests that 
vaccination may have a protective 
effect against SIDS.

COMMERCIAL DEVICES

Avoid the use of commercial 
devices that are inconsistent with 
safe sleep recommendations.

Risk-reduction strategies are based 
on the best-available evidence in 
large epidemiologic studies. These 
studies have been largely focused on 
the correlations between the sleep 
environment and SIDS. Our current 
understanding is that the cause 
of SIDS is multifactorial and that 
death results from the interaction 
between a vulnerable infant and 
a potentially asphyxiating sleep 
environment. Thus, claims that 
sleep devices, mattresses, or special 
sleep surfaces reduce the risk of 
SIDS must therefore be supported 
by epidemiologic evidence. At a 
minimum, any devices used should 
meet safety standards of the CPSC, 
the Juvenile Product Manufacturers 
Association, and ASTM International 
(known previously as the American 
Society for Testing and Materials). 
The AAP concurs with the US Food 
and Drug Administration and CPSC 
that manufacturers should not claim 
that a product or device protects 
against SIDS unless there is scientific 
evidence to that effect.

Wedges and positioning devices are 
often used by parents to maintain 
the infant in the side or supine 
position because of claims that these 
products reduce the risk of SIDS, 
suffocation, or gastroesophageal 
reflux. However, these products 
are frequently made with soft, 
compressible materials, which might 
increase the risk of suffocation. The 
CPSC has received reports of deaths 
attributable to suffocation and 
entrapment associated with wedges 
and positioning devices. Most of 
these deaths occurred when infants 
were placed in the prone or side 
position with these devices 339; other 
incidents have occurred when infants 
have slipped out of the restraints or 
rolled into a prone position while 
using the device. 240,  340 Because of 

the lack of evidence that they are 
effective against SIDS, suffocation, or 
gastroesophageal reflux and because 
of the potential for suffocation and 
entrapment risk, the AAP concurs 
with the CPSC and the US Food and 
Drug Administration in warning 
against the use of these products. 
If positioning devices are used in 
the hospital as part of physical 
therapy, they should be removed 
from the infant sleep area well before 
discharge from the hospital.

Certain crib mattresses have been 
designed with air-permeable 
materials to reduce rebreathing 
of expired gases, in the event that 
an infant ends up in the prone 
position during sleep, and these 
may be preferable to those with air-
impermeable materials. With the use 
of a head box model, Bar-Yishay et al 341 
found that a permeable sleeping 
surface exhibited significantly better 
aeration properties in dispersing 
carbon dioxide and in preventing its 
accumulation. They also found the 
measured temperature within the 
head box to be substantially lower 
with the more permeable mattress, 
concluding that it was due to faster 
heat dissipation. This finding could 
be potentially protective against 
overheating, which has been identified 
as a risk factor for SIDS. Colditz et al 342 
also performed studies both in 
vitro and in vivo, showing better 
diffusion and less accumulation of 
carbon dioxide with a mesh mattress. 
However, Carolan et al 343 found that 
even porous surfaces are associated 
with carbon dioxide accumulation 
and rebreathing thresholds unless 
there is an active carbon dioxide 
dispersal system. In addition, although 
rebreathing has been hypothesized 
to contribute to death in SIDS, 
particularly if the head is covered or 
when the infant is face down, there 
is no evidence that rebreathing, per 
se, causes SIDS and no epidemiologic 
evidence that these mattresses 
reduce the risk of SIDS. The use of 
“breathable” mattresses can be an 
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acceptable alternative as long as the 
other manufacturing requirements 
are met, including being designed for 
a particular crib, having a firm surface, 
and maintaining its shape even when 
the fitted sheet designated for that 
model is used, such that there are no 
gaps between the mattress and the 
side of the crib, bassinet, portable crib, 
or play yard.

HOME MONITORS, SIDS, AND BRIEF 
RESOLVED UNEXPLAINED EVENTS 
(FORMERLY APPARENT LIFE-
THREATENING EVENTS)

There is no evidence that apparent 
life-threatening events are 
precursors to SIDS. Furthermore, 
infant home cardiorespiratory 
monitors should not be used as a 
strategy to reduce the risk of SIDS.

For many years, it was believed 
that brief resolved unexplained 
events (BRUEs; formerly known as 
apparent life-threatening events 
[ALTEs]) were the predecessors of 
SIDS, and home apnea monitors were 
used as a strategy for preventing 
SIDS. 344 However, the use of home 
cardiorespiratory monitors has 
not been documented to decrease 
the incidence of SIDS. 345  –348 Home 
cardiorespiratory monitors are 
sometimes prescribed for use at home 
to detect apnea and bradycardia 
and, when pulse oximetry is used, 
decreases in oxyhemoglobin 
saturation for infants at risk of these 
conditions. 349 Routine in-hospital 
cardiorespiratory monitoring before 
discharge from the hospital has not 
been shown to detect infants at risk 
of SIDS. There are no data that other 
commercial devices that are designed 
to monitor infant vital signs reduce 
the risk of SIDS.

TUMMY TIME

Supervised, awake tummy time 
is recommended to facilitate 
development and to minimize 
development of positional 
plagiocephaly.

 

Positional plagiocephaly, or 
plagiocephaly without synostosis 
(PWS), can be associated with a 
supine sleeping position (OR: 2.5). 350 
It is most likely to result if the infant’s 
head position is not varied when 
placed for sleep; if the infant spends 
little or no time in awake, supervised 
tummy time; and if the infant is 
not held in the upright position 
when not sleeping. 350 – 352 Children 
with developmental delay and/or 
neurologic injury have increased rates 
of PWS, although a causal relationship 
has not been shown.350,  353  – 356 In 
healthy normal children, the incidence 
of PWS decreases spontaneously 
from 20% at 8 months to 3% at 24 
months of age.351 Although data to 
make specific recommendations as to 
how often and how long tummy time 
should be undertaken are lacking, 
the task force concurs with the AAP 
Section on Neurologic Surgery that “a 
certain amount of prone positioning, 
or ‘tummy time, ’ while the infant 
is awake and being observed is 
recommended to help prevent the 
development of flattening of the 
occiput and to facilitate development 
of the upper shoulder girdle strength 
necessary for timely attainment of 
certain motor milestones.” 357 The 
AAP clinical report “Prevention and 
Management of Positional Skull 
Deformities in Infants” 357 provides 
additional detail on the prevention, 
diagnosis, and management of 
positional plagiocephaly.

SWADDLING

There is no evidence to recommend 
swaddling as a strategy to reduce 
the risk of SIDS. Infants who are 
swaddled have an increased risk 
of death if they are placed in or roll 
to the prone position. If swaddling 
is used, infants should always be 
placed on the back. When an infant 
exhibits signs of attempting to roll, 
swaddling should no longer be used.

Many cultures and newborn 
nurseries have traditionally used 

swaddling, or wrapping the infant 
in a light blanket, as a strategy 
to soothe infants and, in some 
cases, to encourage sleep in the 
supine position. Swaddling, when 
done correctly, can be an effective 
technique to help calm infants and 
promote sleep. 358,  359

Some have argued that swaddling 
can alter certain risk factors for SIDS, 
thus reducing the risk of SIDS. For 
instance, it has been suggested that 
the physical restraint associated with 
swaddling may prevent infants placed 
supine from rolling to the prone 
position. 358 One study suggested a 
decrease in SIDS rate with swaddling 
if the infant was supine, but notably, 
there was an increased risk of SIDS if 
the infant was swaddled and placed 
in the prone position. 210 Although 
another study found a 31-fold 
increase in SIDS risk with swaddling, 
the analysis was not stratified by 
sleep position. 196 Although it may be 
more likely that parents will initially 
place a swaddled infant supine, this 
protective effect may be offset by the 
12-fold increased risk of SIDS if the 
infant is either placed or rolls to the 
prone position when swaddled. 210, 359 
In addition, an analysis of CPSC data 
found that deaths associated with 
swaddling were most often attributed 
to positional asphyxia related to prone 
sleeping, and a large majority of sleep 
environments had soft bedding. 360 
Thus, if swaddling is used, the infant 
should be placed wholly supine, and 
swaddling should be discontinued as 
soon as the infant begins to attempt to 
roll. Commercially available swaddle 
sacks are an acceptable alternative, 
particularly if the parent or caregiver 
does not know how to swaddle 
an infant with a conventional thin 
blanket. There is no evidence with 
regard to SIDS risk related to the arms 
swaddled in or out.

There is some evidence that 
swaddling may cause detrimental 
physiologic consequences. For 
example, it can cause an increase 
in respiratory rate,  361 and tight 
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swaddling can reduce the infant’s 
functional residual lung 
capacity. 358,  362,  363 Tight swaddling 
can also exacerbate hip dysplasia if 
the hips are kept in extension and 
adduction, 364  – 367 which is 
particularly important because some 
have advocated that the calming 
effects of swaddling are related to 
the “tightness” of the swaddling. 
In contrast, “loose” or incorrectly 
applied swaddling could result in 
head covering and, in some cases, 
strangulation if the blankets become 
loose in the bed. Swaddling may 
also possibly increase the risk of 
overheating in some situations, 
especially when the head is covered 
or there is infection. 368, 369 However, 
1 study found no increase in abdominal 
skin temperature when infants were 
swaddled in a light cotton blanket 
from the shoulders down. 362

Impaired arousal has often been 
postulated as a mechanism 
contributing to SIDS, and several 
studies have investigated the 
relationship between swaddling 
and arousal and sleep patterns in 
infants. Physiologic studies have 
shown that, in general, swaddling 
decreases startling,  361 increases sleep 
duration, and decreases spontaneous 
awakenings. 370 Swaddling also 
decreases arousability (ie, increases 
cortical arousal thresholds) to a nasal 
pulsatile air-jet stimulus, especially in 
infants who are easily arousable when 
not swaddled. 361 One study found 
decreased arousability in infants at 3 
months of age who were not usually 
swaddled and then were swaddled but 
no effect on arousability in routinely 
swaddled infants. 361 In contrast, 
another study has shown infants to be 
more easily arousable370 and to have 
increased autonomic (subcortical) 
responses 371 to an auditory stimulus 
when swaddled. 371 Thus, although 
swaddling clearly promotes sleep and 
decreases the number of awakenings, 
the effects on arousability to an 
external stimulus remain unclear. 
Accumulating evidence suggests, 

however, that routine swaddling has 
only minimal effects on arousal. In 
addition, there have been no studies 
investigating the effects of swaddling 
on arousal to more relevant stimuli 
such as hypoxia or hypercapnia. 
Finally, there is no evidence with 
regard to SIDS risk related to the arms 
swaddled in or out.

In summary, it is recognized that 
swaddling is one of many child care 
practices that can be used to calm 
infants, promote sleep, and encourage 
the use of the supine position. 
However, there is no evidence to 
recommend routine swaddling as a 
strategy to reduce the risk of SIDS. 
The risk of death is high if a swaddled 
infant is placed in or rolls to the prone 
position. If infants are swaddled, 
they should always be placed on the 
back. When an infant exhibits signs of 
attempting to roll, swaddling should 
no longer be used. Moreover, as many 
have advocated, swaddling must be 
correctly applied to avoid the possible 
hazards, such as hip dysplasia, 
head covering, and strangulation. 
Importantly, swaddling does not 
reduce the necessity to follow 
recommended safe sleep practices.

POTENTIAL TOXICANTS

There is no evidence 
substantiating a causal 
relationship between various 
toxicants to SIDS.

Many theories link various toxicants 
and SIDS. 372 – 374 Although 1 ecological 
study found a correlation of the 
maximal recorded nitrate levels of 
drinking water with local SIDS rates 
in Sweden,  375 no case-control study 
has shown a relationship between 
nitrates in drinking water and SIDS. 
Furthermore, an expert group in 
the United Kingdom analyzed data 
pertaining to a hypothesis that SIDS 
is related to toxic gases, such as 
antimony, phosphorus, or arsenic, 
being released from mattresses376,  377 
and found the toxic gas hypothesis 
unsubstantiated. 378 Finally, 2 

case-control studies found that 
wrapping mattresses in plastic to 
reduce toxic gas emission did not 
protect against SIDS. 230,  379

HEARING SCREENS

Current data do not support the 
use of newborn hearing screens as 
screening tests for SIDS.

One retrospective case-control 
study examined the use of newborn 
transient evoked otoacoustic emission 
hearing screening tests as a tool to 
identify infants at subsequent risk 
of SIDS. 380 Infants who subsequent 
died of SIDS did not fail their hearing 
tests but, compared with controls, 
showed a decreased signal-to-noise 
ratio score in the right ear only, at 
frequencies of 2000, 3000, and 4000 
Hz. Methodologic concerns have been 
raised about the validity of the study 
methods used in this study,  381,  382 
and these results have not been 
substantiated by others. A larger, 
but non–peer-reviewed, report of 
hearing screening data in Michigan 383 
and a peer-reviewed retrospective 
study in Hong Kong383,  384 showed 
no relationship between hearing 
screening test results and SIDS cases. 
Until additional data are available, 
hearing screening should not be 
considered as a valid screening tool 
to determine which infants may be at 
subsequent risk of SIDS. Furthermore, 
an increased risk of SIDS should not 
be inferred from an abnormal hearing 
screen result.

EDUCATIONAL INTERVENTIONS

Educational and intervention 
campaigns are often effective in 
altering practice.

Intervention campaigns for SIDS have 
been extremely effective, especially 
with regard to the avoidance of prone 
positioning. 385 Furthermore, primary 
care–based educational interventions, 
particularly those that address 
caregiver concerns and misconceptions 
about safe sleep recommendations, 
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can be effective in altering practice. 
For instance, addressing concerns 
about infant comfort, choking, 
and aspiration while the infant is 
sleeping supine is helpful. 19,  96,  97, 386 
However, many families report not 
receiving information consistent 
with AAP recommendations. When 
a nationally representative sample 
of mothers of young infants were 
asked about information received 
from their pediatricians, only 54.5% 
had received a recommendation to 
place their infant supine for sleep, 
19.9% had received information 
about appropriate sleep location, 
and 11.0% had received information 
about pacifier use. 387 Primary care 
providers should be encouraged 
to develop quality-improvement 
initiatives to improve adherence to safe 
sleep recommendations among their 
patients.

In addition, modeling of unsafe sleep 
practices by health care and child care 
providers may increase the prevalence 
of these unsafe practices. 388 – 390 
Modeling of unsafe practices may 
occur because professionals are not 
convinced of the utility of the safe 
sleep recommendations or have 
concerns about the supine sleep 
position, particularly with regard 
to infant comfort, choking, and 
aspiration. 391  – 395 Interventions that 
address provider concerns 
are effective in improving 
behavior. 391, 396 – 398

MEDIA MESSAGES

Media and manufacturers should 
follow safe sleep guidelines in 
their messaging and advertising.

A recent study found that, in magazines 
targeted toward childbearing women, 
more than one-third of pictures of 
sleeping infants and two-thirds of 
pictures of infant sleep environments 
portrayed unsafe sleep positions 
and sleep environments. 237 Media 
exposures (including movie, television, 
magazines, newspapers, and Web 

 

sites), manufacturer advertisements, 
and store displays affect individual 
behavior by influencing beliefs and 
attitudes. Frequent exposure to health-
related media messages can affect 
individual health decisions,  399,  400 
and media messages have been very 
influential in decisions regarding 
sleep position. 101, 104 Media and 
advertising messages contrary to safe 
sleep recommendations may create 
misinformation about safe sleep 
practices.

Media and manufacturer messaging 
and advertising should follow safe 
sleep guidelines in text, photos, 
and illustrations. In addition, 
public health departments and 
organizations that provide safe sleep 
information should review, revise, 
and reissue this information at least 
every 5 years to ensure that each 
generation of new parents receives 
appropriate information.

RECOMMENDATIONS

The recommendations for a safe 
infant sleeping environment to 
reduce the risk of both SIDS and 
other sleep-related infant deaths are 
specified in the accompanying policy 
statement. 78
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abstractAccurately defi ning and reporting perinatal deaths (ie, fetal and infant 
deaths) is a critical fi rst step in understanding the magnitude and causes 
of these important events. In addition to obstetric health care providers, 
neonatologists and pediatricians should have easy access to current 
and updated resources that clearly provide US defi nitions and reporting 
requirements for live births, fetal deaths, and infant deaths. Correct 
identifi cation of these vital events will improve local, state, and national data 
so that these deaths can be better addressed and prevented.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

INTRODUCTION

Perinatal mortality is the combination of fetal deaths and neonatal 
deaths. In the United States in 2013, the fetal mortality rate for gestations 
of at least 20 weeks (5.96 fetal deaths per 1000 live births and fetal 
deaths)1 was similar to the infant mortality rate (5.98 infant deaths per 
1000 live births).2 Depending on the definition used, fetal mortality 
contributes to approximately 40% to 60% of perinatal mortality. 
Understanding the etiologies of these events and predicting risk begins 
with accurately defining cases; the collection and analysis of reliable 
statistical data are an essential part of in-depth investigations on local, 
state, and national levels.

Fetal and infant deaths occur within the clinical practice of several types 
of health care providers. Although obstetric practitioners report fetal 
deaths, certain situations can occur during a delivery in which viability 
or possibility of survival is unclear; the pediatrician or neonatologist may 
attend the delivery to assess the medical condition of the fetus or infant, 
assess pre-viable gestational age, provide care as indicated, and report a 
subsequent infant death, if it occurs. Incorrectly defining and reporting 
fetal deaths and early infant deaths may contribute to misclassification of 
these important events and result in inaccurate fetal and infant mortality 
rates.3 Within this context, the American Academy of Pediatrics provides 
definitions and reporting requirements of fetal death, live birth, and 
infant death to emphasize that neonatologists and pediatricians play an 

To cite: Barfi eld WD and AAP COMMITTEE ON FETUS AND 
NEWBORN. Standard Terminology for Fetal, Infant, and 
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important role in recording accurate 
and timely information surrounding 
these events. This role includes 
making the determination of the 
specific vital event during delivery, 
recording information surrounding 
the event on the appropriate 
certificate or report in compliance 
with state-specific requirements, and 
documenting information that is as 
complete and as accurate as possible, 
including the underlying cause 
of death, when known. Although 
guidance for these definitions is 
provided elsewhere, 4–6 it may not be 
readily available to pediatricians in 
the delivery room.

Both the collection and use of 
information about fetal, infant, 
and perinatal deaths have been 
hampered by lack of understanding 
of differences in definitions, 
statistical tabulations, and reporting 
requirements among providers and 
state, national, and international 
bodies. Distinctions can and should 
be made between the definition of an 
event and the reporting requirements 
for the event. The definition indicates 
the meaning of a term (eg, live birth, 
fetal death). A reporting requirement 
is that part of the defined event for 
which reporting is mandatory.

DEFINITIONS

Challenges in consistent definitions 
of fetal and infant death mostly 
stem from the perception of 
viability, which should not change 
the definition of the event. In other 
words, an extremely preterm infant 
born at 16 weeks’ gestation may 
be defined as a live birth but is 
not currently viable outside of the 
womb. On the basis of international 
standards set by the World Health 
Organization, 7 the National Center 
for Health Statistics of the Centers 
for Disease Control and Prevention 
defines live birth, fetal death, 
infant death, and perinatal death as 
follows.4

Live Birth

A live birth is defined as the 
complete expulsion or extraction 
from the mother of a product of 
human conception, irrespective of 
the duration of pregnancy, which, 
after such expulsion or extraction, 
breathes or shows any other 
evidence of life, such as beating of the 
heart, pulsation of the umbilical cord, 
or definite movement of voluntary 
muscles, regardless of whether the 
umbilical cord has been cut or the 
placenta is attached. Heartbeats are 
to be distinguished from transient 
cardiac contractions; respirations 
are to be distinguished from fleeting 
respiratory efforts or gasps.

Fetal Death

A fetus is defined from 8 weeks 
after conception until term while in 
the uterus. Fetal death is defined as 
death before the complete expulsion 
or extraction from the mother of 
a product of human conception, 
irrespective of the duration of 
pregnancy that is not an induced 
termination of pregnancy. The 
death is indicated by the fact that, 
after such expulsion or extraction, 
the fetus does not breathe or show 
any other evidence of life such as 
beating of the heart, pulsation of the 
umbilical cord, or definite movement 
of voluntary muscles. Heartbeats are 
to be distinguished from transient 
cardiac contractions; respirations 
are to be distinguished from fleeting 
respiratory efforts or gasps.

For statistical purposes, fetal deaths 
are further subdivided as “early” 
(20–27 weeks’ gestation) or “late” 
(≥28 weeks’ gestation). The term
“stillbirth” is also used to describe 
fetal deaths at 20 weeks’ gestation 
or more. Stillbirth is not specifically 
divided into early and late gestations, 
but for international comparisons 
the World Health Organization 
defines stillbirth as at or after 28 
weeks’ gestation. Fetuses that die 
in utero before 20 weeks’ gestation 

are categorized specifically as 
miscarriages.

Infant Death

A live birth that results in death 
within the first year (<365 days) 
is defined as an infant death. 
Infant deaths are characterized as 
neonatal (<28 days) and further 
subdivided into early neonatal (<7 
days), late neonatal (7–27 days), or 
postneonatal (28–364 days).

Perinatal Death

Perinatal deaths refer to a 
combination of fetal deaths and 
live births with only brief survival 
(days or weeks) and are grouped on 
the assumption that similar factors 
are associated with these losses. 
Perinatal death is not a reportable 
vital event, per se, but is used for 
statistical purposes. Three definitions 
of perinatal deaths are in use:

• Definition I includes infant deaths
that occur at less than 7 days of age
and fetal deaths with a stated or
presumed period of gestation of
28 weeks or more.

• Definition II includes infant deaths
that occur at less than 28 days of
age and fetal deaths with a stated
or presumed period of gestation of
20 weeks or more.

• Definition III includes infant deaths
that occur at less than 7 days of age
and fetal deaths with a stated or
presumed gestation of 20 weeks or
more.

From national and international 
perspectives, perinatal deaths 
have important implications for 
both public health and clinical 
interventions. However, the 
interpretations of these definitions 
vary globally on the basis of cultural 
perspectives, clinical definitions 
of viability, and availability of 
information. The National Center for 
Health Statistics currently classifies 
perinatal deaths according to the 
first 2 definitions. Definition I is used 
by the National Center for Health 
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Statistics and the World Health 
Organization to make international 
comparisons to account for 
variability in registering births and 
deaths between 20 and 27 weeks’ 
gestation.8 However, definition II is 
more inclusive and hence is more 
appropriate for monitoring perinatal 
deaths throughout gestation, because 
the majority of fetal deaths occur 
before 28 weeks’ gestation.

REPORTING REQUIREMENTS

In the United States, states and 
independent reporting areas (ie, 
New York City; Washington, DC; 
and the US territories) register 
the certificates of live birth, death, 
and fetal death. These certificates/
reports include clinical information. 
Challenges in consistent reporting 
of fetal death, in particular, stem 
from the variation in reporting 
requirements among states.9 
Recommended definitions and 
reporting requirements are issued 
through the Model State Vital 
Statistics Act and Regulations (the 
Model Law).10, 11 The Model Law 
recommends fetal death reporting 
for deaths that occur at 350 g birth 
weight or more or, if the weight is 

unknown, of 20 completed weeks’ 
gestation or more. However, states 
have the authority to register 
these vital events and might not 
necessarily follow the Model Law, 
which results in differences in birth 
weight and gestational age criteria 
for reporting fetal deaths (Table 1). 
States also vary in the quality of the 
data reported, which include missing 
data.9

All live births, regardless of 
gestational age, are reported as 
vital record events. Infant deaths 
involve both the reporting of a 
live birth event and a death event 
using a certificate of live birth and 
a certificate of death, respectively. 
Information from the certificate of 
live birth, including demographic 
information, selected maternal 
risk factors, maternal labor and 
delivery information, and infant 
weight and gestational age, is 
linked to information on the 
infant death certificate to include 
cause-of-death information. The 
fetal death certificate or report, 
a single document, includes 
maternal demographic information, 
selected maternal risk factors, 
labor and delivery information, 
and information about the fetus to 

include weight, gestational age, and 
cause of death. Accurate completion 
of these vital records is important 
for generating accurate data to 
determine the magnitude and causes 
of fetal, infant, and perinatal deaths.

PRACTICAL CONSIDERATIONS

A flow diagram for the determination 
of appropriate reporting of perinatal 
deaths was developed by the 
National Association for Public 
Health Statistics and Information 
Systems (Fig 1). The diagram 
delineates the sequence of reporting 
and can be used in delivery rooms 
to appropriately report perinatal 
events. Induced termination of 
pregnancy is included in the flow 
diagram but is beyond the scope of 
this report.

In the circumstance of delivery 
events in which the fetus is of 
uncertain viability, if the infant is 
determined to be a live birth, the 
event is reported regardless of birth 
weight, length of gestation, survival 
time, or other clinical information 
(eg, Apgar scores). If fetal death is 
determined, the event is reported by 
the obstetric health care provider on 
the basis of state criteria, including 

TABLE 1  Reporting Requirements for Fetal Death According to State or Reporting Area, 2014

Criteria State/Reporting Area

Gestational age criteria 
only
All periods Arkansas, Colorado, Georgia, Hawaii, New York, a Rhode Island, Virginia, Virgin Islands
≥16 weeks Pennsylvania
≥20 weeks Alabama, Alaska, California, Connecticut, Florida, Illinois, Indiana, Iowa, Maine, Maryland, b Minnesota, Nebraska, Nevada, New Jersey, 

North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Texas, Utah, Vermont, c Washington, West Virginia, Wyoming
≥5 months Puerto Rico

Both gestational age and 
birth weight criteria
≥20 weeks or ≥350 g Arizona, Idaho, Kentucky, Louisiana, Massachusetts, Mississippi, Missouri, New Hampshire, New Mexico, South Carolina, Tennessee, 

Wisconsin, Guam
≥20 weeks or ≥400 g Michigan
≥20 weeks or ≥500 g District of Columbia

Birth weight criteria only
≥350 g Delaware, d Kansas, Montanad

≥500 g South Dakota

Data source: National Center for Health Statistics, National Vital Statistics Reports.
a Includes New York city, which has separate reporting.
b If gestational age is unknown, weight of ≥500 g.
c If gestational age is unknown, weight of ≥400 g, ≥15 ounces.
d If weight is unknown, ≥20 weeks’ completed gestation.
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both birth weight and gestational 
age. The careful use of accurate 
definitions is of utmost importance 
in medical record documentation 
of these events. Because there are 
no signs of life at delivery, fetal 
deaths are not assigned Apgar scores 
and are usually not admitted to 
the nursery or NICU. Postmortem 
examination of the fetus or infant 
and placenta may provide important 
information as to the cause of death; 
however, the actual evaluation and 
management of fetal and infant death 
are beyond the scope of this guidance 
and have been reported elsewhere.12

In summary, the accurate and timely 
reporting of live birth and fetal and 
infant death is the cornerstone of 
perinatal mortality data. Because 
reducing fetal and infant mortality 
is among the nation’s health goals, 
accurate definitions of these events 

are essential for understanding 
causes and researching potential 
solutions.

SUGGESTIONS

1. Vital events are best defined and
reported as follows:

⚬ Live birth: The complete
expulsion or extraction from
the mother of a product of
human conception, irrespective
of the duration of pregnancy,
which, after such expulsion or
extraction, breathes or shows
any other evidence of life
such as beating of the heart,
pulsation of the umbilical
cord, or definite movement of
voluntary muscles, regardless
of whether the umbilical cord
has been cut or the placenta
is attached. Heartbeats are

to be distinguished from 
transient cardiac contractions; 
respirations are to be 
distinguished from fleeting 
respiratory efforts or gasps.

⚬ Fetal death: Death before the
complete expulsion or extraction
from the mother of a product of
human conception, irrespective
of the duration of pregnancy that
is not an induced termination
of pregnancy. The death is
indicated by the fact that, after
such expulsion or extraction,
the fetus does not breathe or
show any other evidence of life
such as beating of the heart,
pulsation of the umbilical
cord, or definite movement of
voluntary muscles. Heartbeats
are to be distinguished from
transient cardiac contractions;
respirations are to be

 FIGURE 1
Hospital guidelines for reporting live births, infant deaths, fetal deaths, and induced terminations of pregnancy. (Adapted with permission from the 
National Association for Public Health Statistics and Information Systems; www. naphsis. org [available on request].)
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distinguished from fleeting 
respiratory efforts or gasps.

⚬ Infant death: A live birth that
results in death within the first
year (<365 days).

2. Obtain accurate information on
state law to file the fetal death
certificate/report according to
state requirements.

3. Complete reporting of live births,
infant deaths, and fetal deaths
(in support of obstetrician
reporters) with the most
accurate information possible to
include pertinent demographic
information, maternal medical
history, and fetal or infant
diagnoses.
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POLICY STATEMENT

Advanced Practice in Neonatal Nursing
Committee on Fetus and Newborn

ABSTRACT
The participation of advanced practice registered nurses in neonatal care continues
to be accepted and supported by the American Academy of Pediatrics. Recognized
categories of advanced practice neonatal nursing are the neonatal clinical nurse
specialist and the neonatal nurse practitioner. Pediatrics 2009;123:1606–1607

INTRODUCTION
The American Academy of Pediatrics (AAP) endorses the role of the advanced
practice registered nurse (APRN) and the current training and credentialing
process developed by the National Association of Neonatal Nurses.1,2 These
guidelines were specifically designed to educate APRNs at the graduate level to
manage critically ill and convalescing infants. These guidelines and standards
include requirements for the completion of a graduate-level education program
of study and supervised practice beyond the level of basic nursing. This prep-
aration includes the attainment of a master’s degree in the neonatal nursing
specialty. The neonatal nurse practitioner (NNP) curriculum must have in-
cluded a minimum of 200 neonatal-specific didactic hours plus a minimum of
600 directly supervised hours with critically ill neonates/infants in level II and
III NICUs.1–5 Currently credentialed NNPs who have graduated from non–
master’s degree programs or certificate programs should be allowed to maintain
their practice and be encouraged to complete a formal graduate education.6 The
AAP supports the documented competency of the master’s degree–prepared
APRN for entry into practice as an NNP. Some APRNs may wish to pursue the
highest level of educational preparation in nursing, either the doctor of phi-
losophy (PhD) or the doctor of nurse practice (DNP). However, the AAP does
not consider such a degree to be necessary for clinical practice.

Included in the category of neonatal APRNs are the following1,2:

● Neonatal clinical nurse specialist (NCNS): a registered nurse with a master’s
degree who, through study and supervised practice at the graduate level, has become expert in the theory and
practice of neonatal nursing. The NCNS is responsible for fostering continuous quality improvement in neonatal
nursing care and developing and educating staff. The NCNS models expert nursing practice and applies and
promotes evidence-based nursing practice.

● NNP: a registered nurse with clinical expertise in neonatal nursing who has obtained a master’s degree with
supervised clinical experience in the management of newborn infants and their families. The NNP manages
patients in collaboration with a physician, usually a pediatrician or neonatologist. Using the acquired knowledge
of pathophysiology, pharmacology, and physiology, the NNP may exercise independent judgment in the assess-
ment, diagnosis, and management of infants and in the performance of certain procedures. The NNP may also be
responsible for education of staff, research, and developing standards of nursing care.6,7

The spectrum of duties performed by the neonatal APRN will vary among institutions and may be governed by state
regulations. Each of these roles currently requires advanced education and a master’s degree. Nationally recognized
certification examinations and requirements for maintenance education exist for each category.8 Credentialing for
practice is currently governed by individual states. Inpatient care privileges are granted by the individual institution.
Each institution needs to develop a procedure for the initial granting and subsequent maintenance of privileges,
ensuring that the proper professional credentials are in place. That procedure is best developed by the collaborative
efforts of the nursing administration and the medical staff.
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RECOMMENDATIONS

1. Medical care by the APRN for patients receiving level
III newborn intensive care is provided in collabora-
tion with, or under the supervision of, a physician,
usually a neonatologist.

2. Medical care by the APRN for patients receiving level
I and II care is provided in collaboration with, or
under the supervision of, a physician with special
interest and experience in neonatal medicine, usually
a pediatrician or neonatologist.

3. Determination of whether the APRN practices in col-
laboration with, or under the supervision of, a phy-
sician should be determined in accordance with the
board of nursing regulations in the state in which the
APRN is practicing.8

4. The APRN should be certified by a nationally recog-
nized organization and should maintain that certifi-
cation.

5. The APRN should maintain clinical expertise and
knowledge of current therapy by participating in con-
tinuing education and other scholarly activities as
recommended by the National Certification Corpora-
tion.9

6. The APRN should comply with hospital policy regard-
ing credentialing and recredentialing.10
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POLICY STATEMENT
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Committee on Fetus and Newborn

Age Terminology During the Perinatal Period

ABSTRACT. Consistent definitions to describe the
length of gestation and age in neonates are needed to
compare neurodevelopmental, medical, and growth out-
comes. The purposes of this policy statement are to re-
view conventional definitions of age during the perinatal
period and to recommend use of standard terminology
including gestational age, postmenstrual age, chronolog-
ical age, corrected age, adjusted age, and estimated date
of delivery. Pediatrics 2004;114:1362–1364; gestational
age, postmenstrual age, chronological age, menstrual age,
conceptional age, postconceptual age, corrected age, ad-
justed age, estimated date of delivery, estimated date of
confinement.

INTRODUCTION

Consistent definitions to describe the length of
gestation and age in neonates are needed to
compare neurodevelopmental, medical, and

growth outcomes. The terms “gestational age,”
“postmenstrual age,” “corrected age,” and “postcon-
ceptional age” have frequently been defined uncon-
ventionally,1,2 misapplied,3–5 or left undefined.6,7 In-
consistent use of terminology limits the accurate
interpretation of data on health outcomes for new-
born infants, especially for those born preterm or
conceived using assisted reproductive technology.
The purposes of this statement are to review conven-
tional definitions of age during the perinatal period
and to recommend standard terminology.

“Gestational age” (or “menstrual age”) is the time
elapsed between the first day of the last normal
menstrual period and the day of delivery (Fig 1).8–10

The first day of the last menstrual period occurs
approximately 2 weeks before ovulation and approx-
imately 3 weeks before implantation of the blasto-
cyst. Because most women know when their last
period began but not when ovulation occurred, this
definition traditionally has been used when estimat-
ing the expected date of delivery. As long as men-
strual dates are remembered accurately, this method
of estimating the date of delivery is reliable.11 Minor
inaccuracy (4–6 days) in the expected date of deliv-
ery determined from menstrual dates is attributable
to inherent biological variability in the relative tim-
ing of onset of the last menstrual period, fertilization
of the egg, and implantation of the blastocyst.12 Ad-
ditional inaccuracy (weeks) may occur in women

who have menstrual cycles that are irregular or vari-
able in duration or if breakthrough bleeding occurs
around the time of conception. Gestational age is
conventionally expressed as completed weeks.
Therefore, a 25-week, 5-day fetus is considered a
25-week fetus. To round the gestational age of such a
fetus to 26 weeks is inconsistent with national and
international norms.2 The term “gestational age”
should be used instead of “menstrual age” to de-
scribe the age of the fetus or newborn infant.

“Chronological age” (or “postnatal” age) is the
time elapsed after birth (Fig 1). It is usually described
in days, weeks, months, and/or years. This is differ-
ent from the term “postmenstrual age.” Postmen-
strual age is the time elapsed between the first day of
the last menstrual period and birth (gestational age)
plus the time elapsed after birth (chronological age).
Postmenstrual age is usually described in number of
weeks and is most frequently applied during the
perinatal period beginning after the day of birth.
Therefore, a preterm infant born at a gestational age
of 33 weeks who is currently 10 weeks old (chrono-
logical age) would have a postmenstrual age of 43
weeks. When postmenstrual age is quantitated in
weeks and days for postnatal management reasons, a
33-week, 1-day gestational age infant who is 10
weeks, 5 days chronological age would have a post-
menstrual age of 43 weeks, 6 days.

“Corrected age” (or “adjusted age”) is a term most
appropriately used to describe children up to 3 years
of age who were born preterm (Fig 1). This term is
preferred to “corrected gestational age” or “gesta-
tional age” and represents the age of the child from
the expected date of delivery.13,14 Corrected age is
calculated by subtracting the number of weeks born
before 40 weeks of gestation from the chronological
age. Therefore, a 24-month-old, former 28-week ges-
tational age infant has a corrected age of 21 months
according to the following equation:

24 months � ��40 weeks � 28 weeks�

� 1 month�4 weeks�

Corrected age and chronological age are not synon-
ymous in preterm infants. Additionally, the term
“corrected age” should be used instead of “adjusted
age.”

“Conceptional age” is the time elapsed between
the day of conception and the day of delivery. (The
term “conceptual age” is incorrect and should not be

doi:10.1542/peds.2004-1915
PEDIATRICS (ISSN 0031 4005). Copyright © 2004 by the American Acad-
emy of Pediatrics.
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used.) Because assisted reproductive technologies ac-
curately define the date of fertilization or implanta-
tion, a precise conceptional age can be determined in
pregnancies resulting from such technologies. Much
of the variability inherent in other methods of gesta-
tional age determination,11–13 except for that attrib-
uted to timing of implantation, is eliminated when
the date of conception is determined during assisted
reproductive procedures. The convention for calcu-
lating gestational age when the date of conception is
known is to add 2 weeks to the conceptional age.10

Therefore, gestational age is 2 weeks longer than
conceptional age; they are not synonymous terms.
When describing the age of a fetus or neonate, “ges-
tational age” is the term conventionally applied. This
is particularly important for interpreting outcome
studies of preterm infants. As an example, a preterm
infant conceived using assisted reproductive tech-
nology who has a conceptional age of 25 weeks has a
gestational age of 27 weeks. Outcomes for this infant
should be compared with those of 27-week gesta-
tional age infants, not 25-week gestational age in-
fants. To avoid confusion, the term “gestational age”
should be used. The terms “conceptional age” and
“postconceptional age,” reflecting the time elapsed
after conception, should not be used.

Gestational age is often determined by the “best
obstetric estimate,” which is based on a combination
of the first day of last menstrual period, physical
examination of the mother, prenatal ultrasonogra-
phy, and history of assisted reproduction. The best
obstetric estimate is necessary because of gaps in
obstetric information and the inherent variability (as

great as 2 weeks) in methods of gestational age esti-
mation.8,10,14–19 Postnatal physical examination of the
infant is sometimes used as a method to determine
gestational age if the best obstetric estimate seems
inaccurate. Therefore, methods of determining ges-
tational age should be clearly stated so that the vari-
ability inherent in these estimations can be consid-
ered when outcomes are interpreted.8,10,14–19

RECOMMENDATIONS

1. Standardized terminology should be used when
defining ages and comparing outcomes of fetuses
and newborns. The recommended terms (Table 1)
are:

• Gestational age (completed weeks): time
elapsed between the first day of the last men-
strual period and the day of delivery. If preg-
nancy was achieved using assisted reproduc-
tive technology, gestational age is calculated by
adding 2 weeks to the conceptional age.

• Chronological age (days, weeks, months, or
years): time elapsed from birth.

• Postmenstrual age (weeks): gestational age plus
chronological age.

• Corrected age (weeks or months): chronological
age reduced by the number of weeks born be-
fore 40 weeks of gestation; the term should be
used only for children up to 3 years of age who
were born preterm.

2. During the perinatal period neonatal hospital
stay, “postmenstrual age” is preferred to describe

Fig 1. Age terminology during the
perinatal period.

TABLE 1. Age Terminology During the Perinatal Period

Term Definition Units of Time

Gestational age Time elapsed between the first day of the last
menstrual period and the day of delivery

Completed weeks

Chronological age Time elapsed since birth Days, weeks, months, years
Postmenstrual age Gestational age � chronological age Weeks
Corrected age Chronological age reduced by the number of

weeks born before 40 weeks of gestation
Weeks, months
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the age of preterm infants. After the perinatal
period, “corrected age” is the preferred term.

3. “Conceptional age,” “postconceptional age,”
“conceptual age,” and “postconceptual age”
should not be used in clinical pediatrics.

4. Publications reporting fetal and neonatal out-
comes should clearly describe methods used to
determine gestational age.
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Controversies Concerning Vitamin K and the Newborn

ABSTRACT. Prevention of early vitamin K deficiency
bleeding (VKDB) of the newborn, with onset at birth to
2 weeks of age (formerly known as classic hemorrhagic
disease of the newborn), by oral or parenteral adminis-
tration of vitamin K is accepted practice. In contrast, late
VKDB, with onset from 2 to 12 weeks of age, is most
effectively prevented by parenteral administration of vi-
tamin K. Earlier concern regarding a possible causal as-
sociation between parenteral vitamin K and childhood
cancer has not been substantiated. This revised statement
presents updated recommendations for the use of vita-
min K in the prevention of early and late VKDB.

ABBREVIATION. VKDB, vitamin K deficiency bleeding.

BACKGROUND

Vitamin K deficiency may cause unexpected
bleeding (0.25%–1.7% incidence) during the
first week of life in previously healthy-ap-

pearing neonates (early vitamin K deficiency bleed-
ing [VKDB] of the newborn [formerly known as clas-
sic hemorrhagic disease of the newborn]). The
efficacy of neonatal vitamin K prophylaxis (oral or
parenteral) in the prevention of early VKDB is firmly
established. It has been the standard of care since the
American Academy of Pediatrics recommended it in
1961.1

Late VKDB, a syndrome defined as unexpected
bleeding attributable to severe vitamin K deficiency
in infants 2 to 12 weeks of age, occurs primarily in
exclusively breastfed infants who have received no
or inadequate neonatal vitamin K prophylaxis. In
addition, infants who have intestinal malabsorption
defects (cholestatic jaundice, cystic fibrosis, etc) may
also have late VKDB. The rate of late VKDB (often
manifesting as sudden central nervous system hem-
orrhage) ranges from 4.4 to 7.2 per 100 000 births,
according to reports from Europe and Asia.2,3 When
a single dose of oral vitamin K has been used for
neonatal prophylaxis, the rate has decreased to 1.4 to
6.4 per 100 000 births. Parenteral neonatal vitamin K
prophylaxis prevents the development of late VKDB
in infants, with the rare exception of those with
severe malabsorption syndromes.2

Oral administration of vitamin K has been shown
to have efficacy similar to that of parenteral admin-

istration in the prevention of early VKDB.4–6 How-
ever, several countries have reported a resurgence of
late VKDB coincident with policies promoting the
use of orally administered prophylaxis, even with
multiple-dose regimens. In a 1997 review of these
experiences by Cornelissen et al,7 surveillance data
from 4 countries revealed oral prophylaxis failures of
1.2 to 1.8 per 100 000 live births, compared with no
reported cases after intramuscular administration.
Newborns receiving incomplete oral prophylaxis
tended to have a higher risk of developing VKDB,
with rates of approximately 2 to 4 per 100 000. Small
daily oral doses, as practiced in the Netherlands,
may decrease the risk of late VKDB8 and approach
the efficacy of the parenteral route; however, this
needs to be better studied.

Draper and Stiller,9 using other data from Great
Britain, have questioned the results of earlier studies
of Golding et al10,11 that attempted to show an asso-
ciation between intramuscular vitamin K administra-
tion in newborns and an increased incidence of child-
hood cancer. Using data from the National Registry
of Childhood Tumors, they estimated the cumulative
incidence of childhood leukemia. Three sources of
data, including the estimates from Golding et al,
provided rates of intramuscular vitamin K use over
the same time frame. Their analyses failed to show a
correlation between increased use of intramuscular
vitamin K and the incidence of childhood leukemia.

The Vitamin K Ad Hoc Task Force of the American
Academy of Pediatrics12 reviewed the reports of
Golding et al and other information regarding the US
experience13 and concluded that there was no asso-
ciation between the intramuscular administration of
vitamin K and childhood leukemia or other cancers.

Additional studies that have since been conducted
by other investigators have not supported a clinical
relationship between newborn parenteral adminis-
tration of vitamin K and childhood cancer. Ross and
Davies14 published a review of the evidence in 2000.
They found no randomized or quasi-randomized ev-
idence of an association between parenteral vitamin
K prophylaxis and cancer in childhood. Ten case-
control studies were identified, of which 7 found no
relationship and 3 found only a weak relationship of
neonatal administration of intramuscular or intrave-
nous vitamin K with the risk of solid childhood
tumors or leukemia.

PEDIATRICS (ISSN 0031 4005). Copyright © 2003 by the American Acad-
emy of Pediatrics.
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Recent research on the pathogenesis of childhood
leukemia additionally weakens the plausibility of a
causal relationship between parenteral administra-
tion of vitamin K and cancer. Investigations by Wi-
emels et al15 suggest a prenatal origin of childhood
leukemia. They found an acute lymphocytic leuke-
mia-associated gene in 12 children with newly diag-
nosed acute lymphocytic leukemia and postulated
that an in utero chromosomal translocation event
combined with a postnatal promotional event results
in clinical leukemia. Although intramuscular admin-
istration of vitamin K could conceivably be a post-
natal promotional event, a genetic etiologic explana-
tion further lessens the likelihood of a clinically
significant relationship between intramuscular ad-
ministration of vitamin K and leukemia.

There is concern that adequate vitamin K prophy-
laxis be provided to the increasing numbers of new-
borns who are breastfed exclusively to avoid an in-
creased risk of late VKDB with its associated
intracranial hemorrhage.7

RECOMMENDATIONS
Because parenteral vitamin K has been shown to

prevent VKDB of the newborn and young infant and
the risks of cancer have been unproven, the Ameri-
can Academy of Pediatrics recommends the follow-
ing:

1. Vitamin K1 should be given to all newborns as a
single, intramuscular dose of 0.5 to 1 mg.16

2. Additional research should be conducted on the
efficacy, safety, and bioavailability of oral formu-
lations and optimal dosing regimens of vitamin K
to prevent late VKDB.

3. Health care professionals should promote aware-
ness among families of the risks of late VKDB
associated with inadequate vitamin K prophylaxis
from current oral dosage regimens, particularly
for newborns who are breastfed exclusively.
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abstractDisasters disproportionally affect vulnerable, technology-dependent people, 
including preterm and critically ill newborn infants. It is important for health 
care providers to be aware of and prepared for the potential consequences 
of disasters for the NICU. Neonatal intensive care personnel can provide 
specialized expertise for their hospital, community, and regional emergency 
preparedness plans and can help develop institutional surge capacity for 
mass critical care, including equipment, medications, personnel, and facility 
resources.

CLINICAL REPORT Guidance for the Clinician in Rendering Pediatric Care

Disasters, whether natural or man-made, are especially threatening to 
the lives of people who are technology dependent. This is particularly 
true in the NICU. During a disaster, the provision of highly skilled and 
specialized care for preterm and critically ill newborn infants can 
be compromised by the loss of electrical power, physical facilities, 
specialized equipment, personnel, and other resources that can occur 
as a result of environmental disruption or large-scale illness, injury, or 
trauma. There is a paucity of data regarding the effect of disasters on 
the NICU population and practice implications for providers within the 
health care system.1

This clinical report first briefly reviews disasters that have affected 
NICUs in the United States and then examines how organizing concepts 
of mass critical care in pediatrics can be applied to the NICU, including 
the role of regionalized perinatal systems; disaster-based drills; and 
training, equipment, medication, and personnel needs. The objective 
of this report is to help neonatologists and other NICU providers and 
administrative leaders understand these organizing concepts and 
develop response plans within their units, hospital institutions, and 
geographic regions. This report builds on existing American Academy of 
Pediatrics policies concerning children in disasters, with a focus on the 
extremely vulnerable NICU population, and also discusses ethical issues 
related to surge capacity, altered standards, and atypical locations of 
care, evacuation, triage, and transport.

To cite: Barfield WD, Krug SE, AAP COMMITTEE ON FETUS AND 
NEWBORN, AAP DISASTER PREPAREDNESS ADVISORY COUNCIL. 
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BackgrOunD

A disaster is defined as a sudden, 
calamitous event, natural or man-
made, that seriously disrupts the 
functioning of a community or 
society and causes human, material, 
and economic or environmental 
losses that exceed the community’s 
or society’s ability to cope using 
its own resources.2 NICU patients 
are particularly vulnerable, not 
only because of their small size and 
physiologic immaturity, but also 
because of their baseline dependence 
on technology for warmth, 
nutritional supplementation, 
medication administration, 
cardiorespiratory monitoring, 
diagnostic information gathering, 
and life-sustaining physiologic 
support. Disasters not only can cause 
direct danger or injury to NICU 
patients, but may also affect their 
caregivers, parents, and families. 
Disasters may disrupt a NICU 
patient’s protective surroundings, 
including light, warmth, electricity, 
oxygen, and air as well as diagnostic 
and therapeutic resources, such 
as medications, cardiorespiratory 

monitors, incubators, ventilators, 
blood gas machines, and imaging 
devices. Different types of disasters 
may affect NICU operations and 
capabilities in different ways  
(Table 1).

natural Disasters (Hurricanes, 
Earthquakes, Superstorms, and 
Wildfires)

Hurricane Katrina was one of the 
largest threats to NICU patients 
in US history, because it disabled 
the health care system’s ability to 
provide adequate care in a large, 
densely populated area because 
of the loss of supplies, personnel, 
communications, and infrastructure.3 
Hurricane Katrina caused extensive 
flood damage and electrical power 
loss to hospitals caring for critically 
ill newborn infants and resulted 
in mass evacuation efforts that 
were suboptimally coordinated.4 
Although all neonates in the 
affected hospitals survived, and 
many hospitals received evacuated 
neonates, there was a surge in NICU 
patients at the hospital receiving the 
most transports from the affected 
area, from 55 to 125 patients in 3 

days.4 This event illustrated the 
need for advance development of 
systemwide plans for maintenance 
of neonatal critical care under 
adverse conditions, local and regional 
neonatal care coordination and 
communication, interfacility patient 
transport, and NICU evacuation 
because of extensive flood damage 
and hospital closures.5

Hurricane Sandy also affected 
providers’ ability to care for women 
with high-risk pregnancies and 
newborn infants in metropolitan New 
York.6 – 8 However, in this instance, 
when Hurricane Sandy caused a 
power outage in a New York City 
medical center, 21 neonates were 
evacuated to other hospitals in 
the city in less than 5 hours. These 
transfers were accomplished with 
no known mortalities, which may 
be credited to that medical center’s 
advance planning, with a clear 
command structure, overall regional 
coordination, and the availability of 
backups in the form of personnel, 
information, and equipment.6

TaBLE 1  Examples of Disaster Effects on NICU Populations

Disaster Type General Examples Potential Effects on NICU Patients

Natural disaster Hurricane Katrina, Superstorm Sandy Loss of electrical power and life-sustaining equipment
Particulate matter or droplets from debris that can affect skin or airwaysa, b

Increased risk of infection or injury during transfer or evacuation to another 
hospital

Exposure to temperature extremes; inability to minimize effects of conduction, 
convection, evaporation, and radiation

Constraints on adequate nutrition/caloric intake
Limited medication doses available
Increased risk of neonatal conditions related to maternal stress
Loss of clean water
Possible carbon monoxide poisoning from generators

Industrial disaster Radiologic disasters, chemical spills Disruption of fetus’/infant’s growing organ systems
Radiation/carcinogen exposure that may lead to long-term effects
Contamination of water sources

Pandemic infectious 
diseases

H1N1 influenza, Ebola virus disease, Zika virus Infection control and medical countermeasure challenges
Need for patient isolation
Increased maternal illness, preterm birth, or birth defects
Risk to first responders, hospital staff, and caregivers

Bioterrorist event 2001 anthrax attacks, aerosol release of smallpox, 
1995 sarin attack in Tokyo subway

Nonspecific syndromic symptoms
Limited access to postexposure vaccination
Selection criteria for administering vaccine
Jeopardized safety of first-response team

a http:// pediatrics. aappublications. org/ content/ early/ 2015/ 10/ 13/ peds. 2015- 3112. long.
b www. fs. fed. us/ rm/ value/ docs/ health_ economic_ impact_ wildfire. pdf.
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Infectious Epidemics (H1n1 
Pandemic Influenza, Ebola Virus 
Disease, and Other Emerging 
Infections)

Infectious disease outbreaks 
and pandemics may uniquely 
and disproportionately affect 
pregnant women and their fetuses 
as well as newborn and critically 
ill infants.9,  10 For example, the 
H1N1 influenza pandemic in 2009 
was associated with significantly 
increased morbidity and mortality 
in otherwise healthy pregnant 
women and their infants. In addition, 
experts identified a potential risk of 
transmission from infected health 
care workers, family members, 
and mothers of high-risk newborn 
infants.11 Most recently, Zika virus, 
a Flavivirus transmitted by Aedes 
mosquitoes, has been associated with 
significant congenital central nervous 
system abnormalities, including 
microcephaly, in some newborn 
infants of women infected during 
pregnancy.12, 13 Other emerging 
infections, such as Ebola, are rare, 
but can have severe effects; viral 
hemorrhagic fevers pose significant 
mortality risks to pregnant, laboring, 
and postpartum women, who may 
experience substantial bleeding 
and multiorgan system failure.14 
To date, the survival of newborn 
infants delivered to women with 
confirmed Ebola virus disease is 
poor; although the mechanism is 
not well understood, most infants 
are stillborn or die in the early 
neonatal period.15 – 17 Strict adherence 
to infection control practices and 
the use of protective personnel 
equipment are critical for the safety 
of patients, family members, hospital 
staff, and the community.18

Bioterrorism (anthrax, Smallpox, 
Other Biological Weapons, and 
chemical agents)

Certain biological or chemical 
agents dispersed by accident or 
intentionally would leave neonatal 
populations particularly vulnerable, 
because signs and symptoms in the 

newborn infant may be systemic and 
nonspecific. For example, anthrax 
(Bacillus anthracis infection) can 
present in several different ways 
because of multiple routes of 
infection (inhalational, cutaneous, 
and gastrointestinal). Infection 
can rapidly progress to systemic 
disease, which has a high mortality 
rate and requires rapid initiation 
of postexposure prophylaxis and/
or antimicrobial treatment.19 Data 
on anthrax in newborn populations 
are limited.20 – 22 Many biologic (eg, 
plague and smallpox) or radiologic 
(eg, radioactive iodine) agents target 
dividing cells; therefore, the mass 
dispersion of such agents would 
particularly adversely affect growing 
children, especially infants.23,  24

Defining Emergency Mass critical 
care for nIcus

Emergency mass critical care (EMCC) 
is defined as the immediate need 
for critical care resources, including 
staff, medical equipment, supplies, 
medications, and ICU space, to 
provide timely, effective care to a 
large population surge of critically ill 
victims during a disaster.25 A mass 
casualty critical care event affecting 
the NICU may put many vulnerable 
patients at risk for limited life-
sustaining interventions because of 
deficiencies in facilities, supplies, 
or staffing. If disaster events are 
prolonged, they can also affect the 
abilities of responders to provide 
sustained care for those affected. 
For optimal care of vulnerable NICU 
patients, specific advance plans for 
their acute care, stabilization, triage, 
transfer, and evacuation must be put 
in place. In 2010, a select pediatric 
task force developed a framework of 
pediatric EMCC capable of tripling 
critical care capabilities for a period 
of up to 10 days.26 The unique 
challenges presented by pregnant 
women, newborn infants, and 
NICU patients were acknowledged, 
including concerns for surge 
capacity among these vulnerable 
populations.1,  27 Targeted surge 

capacity may be required in hospitals 
at varying distances from the affected 
hospital, depending on the nature 
of the disaster, so community and 
regional plans should be coordinated 
if possible.

During large and/or prolonged 
public health emergencies, crisis 
standards of care may be necessary. 
Crisis standards are defined as 
substantial changes in usual health 
care operations and the level of 
care delivered, made necessary 
by a pervasive or catastrophic 
disaster.28 The institution of these 
standards is intended to optimize 
population outcomes rather than 
individual survival. In this scenario, 
available resources (eg, medications, 
ventilators, and staff) may become 
limited and could be substituted, 
adapted, or reallocated. Preparation 
for EMCC in NICUs must consider 
whether the initiation of life-saving 
interventions can be sustained in the 
context of a disaster scenario with 
limited resources as well as the effect 
on long-term survival. Changes in 
care and the ways in which such care 
is delivered may be made necessary 
by the nature of the disaster. In such 
circumstances, state and federal 
governmental entities may take 
steps to limit or eliminate some 
legal obligations and liabilities.28 –31 
Therefore, coordinated planning 
with the hospital facility, community, 
state, and region is essential in 
preparing for disasters in NICUs.

THE rOLE Of nIcu PrOVIDErS In 
EMcc PLannIng

Developing a Plan

Most NICUs are part of a larger 
department (eg, pediatrics or 
obstetrics) within an even larger 
facility (general or children’s 
hospital). Nevertheless, a 2008 
survey of US hospitals found 
that, although most facilities had 
memoranda of understanding 
between hospitals to transfer 
adult patients during an epidemic, 
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fewer hospitals had memoranda of 
understanding for pediatric patients; 
in 2014, fewer than half of hospitals 
with an emergency department had a 
disaster plan for children.32,  33  
Improving disaster preparedness 
for critically ill newborn infants will 
require neonatal care providers 
to participate in the larger plan of 
emergency preparedness within 
hospitals, communities, states, and 
regions. In certain disasters, the 
personnel and equipment necessary 
to care for critically ill patients may 
need to come from other facilities, 
including those across state lines, 
which may require plans for shared 
clinical credentialing within a region. 
When a governor declares a state of 
emergency and federal public health 
and medical resources are activated, 
licensed providers (physicians, 
nurses, pharmacists, and respiratory 
therapists) on emergency medical 
response teams from other regions 
can provide care to affected areas.34 
Therefore, regional plans may include 
a method to determine specific 
competencies within facilities so 
patients can be transferred to centers 
with appropriate capabilities.35

Several useful resources are available 
to help clinicians and hospitals 
prepare for disasters.

1. The Emergency Medical Services
for Children Innovation and
Improvement Center (https://
emscimprovement. center/ 
): This center is supported
by the Health Resources and
Services Administration of the
US Department of Health and
Human Services, and provides
a comprehensive database of
resources for pediatric disaster
preparedness.

2. The California Hospital
Association’s Hospital
Preparedness Program (www.
calhospitalprepar e. org/ ): This 
program is funded by the Office
of the Assistant Secretary for
Preparedness and Response
(www. phe. gov/ about/ pages/ 

default. aspx) to support California 
hospitals and other health systems 
in an all-hazards disaster planning 
approach. The Web site contains 
a large selection of resources 
for facility, regional, and state 
planning, including disaster drills, 
classes, and draft agreements. In 
addition to an annual conference, 
California Hospital Association’s 
Hospital Preparedness Program 
provides classes and technical 
assistance and warehouses 
other regional, state, and federal 
resources.

3. The Pediatric Preparedness
Resource Kit of the American
Academy of Pediatrics (www. aap.
org/ en- us/ advocacy- and- policy/ 
aap- health- initiatives/ Children- 
and- Disasters/ Documents/ 
PedPreparednessKi t. pdf): This 
kit was developed to encourage
partnerships and joint decision-
making between pediatricians
and state and/or local health
department representatives,
and includes information and
strategies to promote strategic
communications and effective
messaging in disasters.

4. The New York City Pediatric
Disaster Coalition’s customizable
Neonatal Critical Care
Surge Capacity Plan (www.
programinfosite. com/ peds/ files/ 
2012/ 12/ Pediatric- Disaster- 
Coalition- Template- NICU- 
Surge- Plan- docx. pdf): This plan 
provides a template for improving
disaster-related surge capacity.
The document outlines topics
such as creating a rapid discharge
team, enlisting additional staff,
and ensuring availability of
medications, code carts, and
decontamination operations.

5. The Technical Resources,
Assistance Center, and
Information Exchange (TRACIE;
https:// asprtracie. hhs. gov/ ): This 
program is operated by the US
Department of Health and Human
Services, Office of the Assistant

Secretary for Preparedness and 
Response, to address disaster 
medicine and emergency 
preparedness inquiries from 
health care providers and entities.

6. The National Library of Medicine
Disaster Information Management
Research Center (https://
disaster. nlm. nih. gov): This site 
provides the most recent research
regarding disaster impact and
preparedness, emergency
readiness tools, and research
resources.

7. The Centers for Disease Control
and Prevention (CDC) (www.
cdc. gov): In addition to Web
resources, the CDC provides
technical assistance in response
to public inquiries and clinician
outreach calls as well as direct
technical assistance for outbreak
investigation and reporting and
surveillance of disasters.

nIcu Emergency Preparedness Plans

Developing and maintaining NICU 
emergency preparedness plans 
that include consideration of the 
total hospital patient populations, 
as well as community and regional 
resources, can improve the capacity 
to care for critically ill newborn 
infants during a disaster. Given 
the need of many NICU patients 
for intense technology support, 
planning for sufficient power during 
a disaster is critical, including 
backup generators. Backup power 
sources must be located in safe 
locations (protected by appropriate 
construction in earthquake-prone 
areas and high enough off the ground 
in flood-prone areas). Planning can 
also include discharge of relatively 
healthy newborn infants to the 
mother and family, with follow-up 
with a primary care provider, or 
transfer of convalescent patients 
to lower-level facilities.35 In some 
circumstances, complete NICU 
evacuation may be indicated.
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Certain epidemics (eg, H1N1) 
may disproportionately affect the 
population of pregnant women and 
may increase preterm deliveries 
and the need for NICU care.36 
Disasters may also increase demand 
for specialized equipment, such as 
ventilators, to care for all critically 
ill patients and may limit equipment 
and staffing available to newborn 
infants.37 Because NICU bed capacity 
is not necessarily determined by a 
regional need–based formula, the 
strain of a major disaster could affect 
NICU resources in an unpredictable 
manner.38

Staffing Support for Safe and 
Effective Operations During a 
Disaster

Planning for a sustained disaster 
event involves calculating potential 
surge capacity, usually considered 
to be the ability to handle up to 3 
times a facility’s maximum capacity 
for a period of 10 days.26,  27 Because 
staff with highly specialized skills 
may be particularly limited during 
prolonged disaster situations, it is 
important to consider cross-training 
staff for the care of recovering 
preterm or critically ill infants. 
These care providers may include 
staff from other areas of the hospital 
who have either received training in 
advance or “just in time” to provide 
EMCC.39 Cross-training of primary 
care pediatric, surgical, or ICU staff 
also may help to build surge capacity 
and institutional resilience. Clinical 
staff from other hospitals, including 
local volunteer groups or the Medical 
Reserve Corps, may be available.34 
Patient-provider ratios in disasters 
may need to be altered from the 
usual standards to address the 
needs of a larger number of patients. 
Depending on the type of disaster, 
alternative provider configurations 
(eg, non-NICU staff) may need to be 
considered.

Several hospitals have developed 
and tested disaster preparedness 
systems.40 The Good Samaritan 

Hospital in Northern California 
developed a series of templates to 
assist in emergency operations, 
including staffing, bedside backpacks, 
mobile disaster boxes, and premade 
forms (eg, “go-kits”) to document 
patient care (available at: www. 
calhospitalprepar e. org/ continuity- 
planning). These hospitals also 
provide resources for testing 
equipment, rotating inventory, 
and training staff in developing 
response protocols. The St Louis 
Children’s Hospital has improved 
communication among physicians 
and families concerning bed 
availability and patient transport 
and has piloted a new computer-
based bed management system to 
accelerate patient placement and 
service (BJC HealthCare, St. Louis 
Children’s Hospital; available at: 
www. stlouischildrens. org/ health- 
care- professionals/ publications/ 
doctors- digest/ january- 2012/ 
surge- plan- readies- hospital- perio.)

Drills and exercises are important 
components of maintaining disaster 
readiness among NICU providers 
and staff, modifying scenarios and 
objectives for specific situations. The 
Federal Emergency Management 
Agency’s Community Emergency 
Response Team drills and exercises 
(www. fema. gov/ media- library/ 
assets/ documents/ 27997) are an 
excellent resource. These full-scale 
exercises include a sample scenario, 
the use of volunteers from outside 
agencies to fill various victim roles, 
altered site logistics, and postexercise 
feedback for participants. These 
exercises could be tailored to include 
NICU patients.

family care During Disasters

During major disasters, providers 
may need to identify and address 
additional psychosocial needs 
of family members beyond what 
may be anticipated in nondisaster 
settings.41 – 46 Providers should 
consider and plan for the possibility 
that either the disaster itself or 

medical necessity will result in 
infants being separated from 
their mothers and/or other family 
members. Lessons learned from 
previous disasters include challenges 
because of forced relocation or 
evacuation, staffing shortages, and 
security concerns. Keeping mother 
and baby together is important to 
support bonding and breastfeeding. 
Opportunities to incorporate family-
centered care principles should be 
considered because family members 
could assist in routine care and 
feeding of their infants during 
critical staff shortages.41 When 
keeping the maternal-infant dyad 
together is not possible, a tracking 
system for patients who have been 
transferred should be in place. 
Safety and security should also be 
considered in disasters because 
standard modes of patient visitation 
may be compromised. In infectious 
outbreaks, if isolation is necessary, a 
postpartum mother and her newborn 
should be placed in isolation together 
if medically feasible. If separation 
is unavoidable, parents should 
receive written documentation of 
where their infant will be and how to 
contact their child’s care providers.42 
Multiple family contact numbers 
should be obtained and kept with the 
infant’s record, and efforts should be 
made to maintain contact with the 
parents and keep them as involved 
as possible in decision-making 
around the care of the infant.43 
Disaster planning should also include 
consideration of the psychosocial 
needs of families, who likely are 
already considerably stressed as 
a result of their critically ill child. 
Primary care providers should be 
considered as a potential resource for 
supporting affected families.44 – 46

Transfer/Evacuation

Because transfer of patients to 
unaffected locations or evacuation 
of both patients and personnel may 
be necessary in disasters, such plans 
should be arranged in advance 
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whenever possible. NICU evacuation 
planning should ensure coordinated 
communication with transport teams 
and receiving hospitals. Planning may 
also include the use of specialized 
equipment (eg, moveable incubators 
or multiinfant carriers) for difficult 
terrain (eg, stairs). Planning should 
also prepare for possible separation 
of infants from their parents, 
families, or guardians. Evacuation 
plans should include a mechanism 
to identify and track NICU patients 
and caregivers during and after the 
disaster. Examples of evacuations 
plans specific to newborn infants 
include:

1. The New York City Pediatric
Disaster Coalition NICU
Evacuation Plan: This plan can
be tailored to any institution
(New York City Pediatric
Disaster Coalition: A Plan Outline
for NICU Evacuation [www.
programinfosite. com/ peds/ files/ 
2012/ 12/ Pediatric- Disaster- 
Coalition- Template- NICU- 
Evacuation- Plan. pdf]). The plan 
outline includes maintaining
emergency equipment,
establishing a chain of command
for urgent and nonurgent
evacuations, assigning staff roles,
and establishing designated
evacuation areas.

2. A NICU/nursery evacuation
tabletop exercise toolkit, created
by Illinois Emergency Medical
Services for Children, based on
the Homeland Security Exercise
and Evaluation Program (Illinois
Emergency Medical Services
for Children: NICU/Nursery
Evacuation Tabletop Exercise
Toolkit. 2013 [www. luhs. org/ 
depts/ emsc/ NICU_ Nursery_ 
EvacuationTTX_ Toolkit_ FINAL. 
pdf]). These tabletop exercises
are designed for training staff,
gathering information to educate
and improve emergency plans
and responses, and identifying
weaknesses in existing plans.

Sharing resources With Hospital 
and community

A mass critical care event may 
require a shift or reallocation of 
technology resources (Fig 1). Pooling 
resources from other departments 
and hospitals may also enable 
the provision of a more sustained 
response to an emergency. In the 
event of a major loss or depletion 
of medical countermeasures 
(MCMs), such as vaccines, antidotes, 
medications, and equipment, regional 
authorities can request support from 
the US Department of Health and 
Human Services, including support 
for the care of critically ill newborn 
infants. A national cache of medical 
supplies for use in disasters, the 
“Strategic National Stockpile, ” is 
maintained and can be dispersed as 
authorized by the CDC.47

Medical countermeasures

In addition to maintaining 
surge capacity, there may be 
situations in which MCMs are 
warranted. MCMs are defined as 
medications, antitoxins, vaccines, 
immunoglobulins, medical devices, 
and age-appropriate life-saving 
medical equipment required to 
protect or treat children for possible 
chemical, biological, radiologic, 
nuclear, or explosive threats.48 For 
example, during the H1N1 pandemic, 
the US Food and Drug Administration 
(FDA) provided emergency use 
authorization of oseltamivir for 
infants younger than 1 year of age.49 
In addition, in December 2012, 
the FDA approved raxibacumab 
to prevent and treat inhalational 
anthrax in adult and pediatric 
populations, using human safety 
and animal efficacy study results.50 
Although such emergency dosing 
may be warranted in disasters, 
additional research is needed to 
appropriately measure antimicrobial 
concentrations and assess the 
efficacy and safety of MCMs in 
newborn infants, including preterm 
infants. Agencies, such as the FDA, 

the CDC, and the National Institutes 
of Health, can collaborate to make 
specific medications available as 
needed during disasters, through 
state public health agencies. The 
Biomedical Advanced Research and 
Development Authority develops 
and procures needed MCMs against a 
broad array of public health threats, 
whether natural or intentional in 
origin. To meet the needs of neonates 
and children exposed to public health 
emergencies, sufficient amounts 
of MCMs appropriate for children 
of all ages should be present in 
caches, such as the Strategic National 
Stockpile.37, 47

nutrition and Human Milk

Nutritional supplies for NICU 
patients may become strained 
in disasters because of limited 
supplies of parenteral and enteral 
nutrition, including infant formula, 
supplemental vitamins, and trace 
elements. Agencies, such as the 
Supplemental Nutrition Program 
for Women, Infants, and Children, 
state health departments through 
the Maternal Child Health Bureau’s 
Title V programs, milk banks, and 
private organizations, can assist with 
the provision of nutritional supplies. 

fIgurE 1
Model of decision-making based on available 
supplies: example using respiratory support. 
The figure shows a model of decision-making 
based on available supplies, personnel, patient 
acuity, and surge capacity for pediatric EMCC. 
CPAP, continuous positive airway pressure; 
ECMO, extracorporeal membrane oxygenation. 
Reproduced with permission from Bohn D, 
Kanter RK, Burns J, Barfield WD, Kissoon 
N. Supplies and equipment for pediatric
emergency mass critical care. Pediatr Crit Care 
Med. 2011;12(suppl 6):S120–S127. Copyright ©
2011 Wolters Kluwer Health.
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Whenever feasible, a mother’s own 
milk should be made available to 
infants, particularly those who are 
critically ill, because it is the safest 
form of nutrition in a disaster.

Ethical considerations

Ethical dilemmas exist in the  
routine care of extremely preterm 
and medically complex infants, 51,  52  
but additional challenges occur 
during disasters. Ethics in medical 
practice include 4 key principles: 
(1) respect for autonomy; (2)
nonmaleficence (“do no harm”); (3)
beneficence; and (4) justice. During
a disaster, the principle of justice
becomes dominant, with 2 ethical
theories mostly considered. The first
theory, utilitarianism, states that
actions are correct if they provide
the greatest good for the greatest
number of people. The second
theory, egalitarianism, stresses
equal distribution of resources for
all individuals. These theories can be
considered for a hospital’s decision
matrix to guide ethical questions and
resolutions during a disaster.53 –55

Providing a specific approach to 
ethical decision-making during 
disasters has been challenging. 
In 2010, the Pediatric Emergency 
Mass Critical Care Task Force met 
to discuss recommendations for 
US pediatric surge planning and 
allocation of resources.56 The Task 
Force acknowledged the need for 
an objective tool to help predict the 
benefit of resource use. However, 
it noted that developing a reliable 
tool was challenging given the 
dependence of many tools on the 
use of technology for assessment 
(eg, response to ventilator support). 
The Task Force was reluctant to 
recommend expert opinion as a way 
to allocate limited resources and 
instead suggested either a system of 
queuing (eg, first come, first served) 
or lottery.

Nevertheless, NICU teams have a 
duty and opportunity to plan and 
anticipate ethical considerations 

before disasters. Because hospital 
ethics committees serve as advisory 
boards during dilemmas in neonatal 
care under standard operating 
conditions, these committees should 
become more familiar with potential 
disaster scenarios and assist with 
decisions in mass critical care, 
including altered standards of care 
and withholding or withdrawing life-
sustaining treatment.28,  57 In disaster 
conditions, decisions for initiation 
or continuation of medical care may 
shift from the needs of the individual 
to the needs of the wider community, 
because decision-makers must 
determine how to allocate resources 
in a way that is substantial to all in 
need.54,  56 If decisions are made not 
to initiate or to withdraw support, 
families should be counseled and 
infants should be provided comfort 
care.57

recovery from Prolonged Disaster 
Events

A disaster is a significant stressor, 
not only for patients and families, 
but also for NICU staff. In addition 
to the personal and family impact of 
a disaster, staff may be affected by 
their prolonged efforts and by the 
anguish of not being able to deliver 
usual intensive care and the resulting 
influence on patient outcomes. 
There are unique aspects that 
confront providers in an ICU setting 
in the context of a disaster. Altered 
standards of care include triage; 
decisions made because of limited 
resources may result in the death or 
disability of critically ill infants who 
might have otherwise survived under 
usual circumstances. Facing these 
difficult decisions may be extremely 
stressful to providers. It is important 
to consider the length of shifts, the 
length of response, incorporation 
of breaks, and psychosocial support 
of staff and their families. After a 
disaster event, the need for staff 
debriefing and counseling should be 
anticipated. Self-care, both during 
and after the event, is an important 
aspect of maintaining resilience in 

disasters.58,  59 When possible in a 
prolonged disaster, relief teams can 
be brought in to allow respite for 
the on-site caretakers. Lastly, NICU 
providers will benefit from family 
preparedness planning before a 
disaster event because they will be 
better able to address the needs of 
patients and be aware of the well-
being of loved ones.

cOncLuSIOnS

Infants in the NICU are highly 
vulnerable in a disaster because of 
their need for specialized and highly 
technical support. As such, NICU 
preparedness is required for optimal 
disaster response.

1. Preparation before a disaster
event is critical to optimizing
outcomes of NICU patients
during public health emergencies
and disasters. Health care
institutions and providers are
strongly encouraged to know
and prepare for the most likely
disaster scenarios in their
communities (eg, hurricane,
earthquake, or flood) and also to
consider unanticipated events
(eg, bioterrorism) that could
create a mass casualty event and
similarly affect surge capacity and
capabilities.

2. It is important for NICU teams to
fully participate in the emergency- 
and disaster-planning activities
of their facility, health care
system, or regional, state, and
local emergency management
agency. Teams should be part of
the periodic disaster simulation
drills that are now required in
every hospital. NICU teams should
actively participate in the design
of hospital drills to address the
unique needs of NICU patients
in situations involving “shelter-
in-place, ” relocation, and/or
evacuation. The use of an incident
command structure within the
NICU, facility, and community is
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important to maintain structure 
and an organized response.

3. Neonatal care systems (providers,
administration, information
technology, and equipment) can
develop appropriate staffing
support for safe and effective
operations during disasters. NICU
care providers, in collaboration
with their hospital facility,
community practitioners,
network, and region, need to
identify the surge capacity to
provide 3 times the baseline
critical care resources and sustain
this for 10 days during a major
public health disaster. An effective
response to specific disaster
threats, including maintenance of
adequate surge capacity, relies on
sufficient supplies of age- and size-
appropriate MCMs.

4. During a disaster, neonatal care
providers can maintain situational
awareness for decision-making,
including patient volume and
severity of illness, available
equipment, medication, and
staffing, transport, evacuation,
recovery, and crisis standards
of care. Maintaining flexibility
is important in adjusting to new
situations. Advance planning and
coordination with local and state
public health and emergency
management agencies will
additionally support situational
awareness and timely decision-
making. A process of ethical
decision-making and altered
standards of care needs to be
included in disaster planning.

5. In addition to the needs of
patients, NICU providers may
need to consider the medical and
psychosocial needs of postpartum

mothers and families. To the 
extent it is feasible, parents and 
families should remain in contact 
with patients. Families may have 
unique needs and/or require 
assistance in unusual ways during 
a large-scale disaster. In addition, 
plans should be made to recognize 
and respond to the needs of NICU 
staff, including self-care and 
support.

6. Although some guidance in this
report is based on systematic
reviews (eg, H1N1 and mass
critical care), much is based on
lessons learned from previous
disaster events. Preparedness is
an ongoing process that changes
on the basis of learned experience
and evidence. NICU providers
should continue to research best
practices, neonatal medications
and dosing, and the effects of
altered standards of care in
disasters.
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abstract
Provision of risk-appropriate care for newborn infants and mothers
was first proposed in 1976. This updated policy statement provides
a review of data supporting evidence for a tiered provision of care
and reaffirms the need for uniform, nationally applicable definitions
and consistent standards of service for public health to improve neo-
natal outcomes. Facilities that provide hospital care for newborn
infants should be classified on the basis of functional capabilities,
and these facilities should be organized within a regionalized system
of perinatal care. Pediatrics 2012;130:1–11

OBJECTIVE

This revised policy statement reviews the current status of the des-
ignation of levels of newborn care definitions in the United States,
which were delineated in a 2004 policy statement by the American
Academy of Pediatrics (AAP).1 Since publication of the 2004 policy
statement, new data, both nationally and internationally, have rein-
forced the importance of well-defined regionalized systems of peri-
natal care, population-based assessment of outcomes, and
appropriate epidemiologic methods to adjust for risk. This revised
statement updates the designations to provide (1) a basis for com-
parison of health outcomes, resource use, and health care costs, (2)
standardized nomenclature for public health, (3) uniform definitions
for pediatricians and other health care professionals providing neo-
natal care, and (4) a foundation for consistent standards of service by
institutions; state health departments; and state, regional, and na-
tional organizations focused on the improvement of perinatal care.

BACKGROUND

The availability of neonatal intensive care has improved the outcomes
of high-risk infants born either preterm or with serious medical or
surgical conditions.2–4 Many of these improvements can be attributed
to the concept and implementation of regionalized systems of peri-
natal care, broadly articulated in the 1976 March of Dimes report
“Toward Improving the Outcome of Pregnancy” (TIOP I).5 The TIOP I
report included criteria that stratified maternal and neonatal care
into 3 levels of complexity and recommended referral of high-risk
patients to higher-level centers with the appropriate resources and
personnel to address the required increased complexity of care.
However, since the initial TIOP I report was published more than 3
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decades ago, there have been signs
of deregionalization, including (1)
an increase in the number of NICUs
and neonatologists, without a con-
sistent relationship to the percentage
of high-risk infants, (2) a proliferation
of small NICUs in the same regions as
large NICUs,6–11 and (3) failure of
states to reach the Healthy People
2010 goal that 90% of deliveries of
very low birth weight (VLBW; <1500 g)
infants occur at level III facilities.12,13

In the environment of deregionaliza-
tion, preterm birth rates have in-
creased 13% overall from 1990 to 2010
(10.6%–12.0%) as a result of a variety
of factors, including increases in elec-
tive early cesarean deliveries, multiple
births, advanced maternal age, and
complications of pregnancy.14–20 The
majority of the increase in the preterm
birth rate (>70%) is attributable to
late preterm births.21 Infants born late
preterm can experience significant
morbidity that may result in the need
for specialized care and advanced
neonatal services.22,23 An increase in
the supply of specialty staff24,25 and
availability of new neonatal therapies
(eg, bubble continuous positive airway
pressure), have expanded the scope of
care in level II facilities.26 Some have
expressed concern that level II hospi-
tals have expanded their scope of care
without sufficient evidence of favorable
outcome. Because most infant deaths
in the United States occur among the
most immature infants in the first few
days after birth,27,28 improvements in
regionalized systems may reduce
mortality among the most preterm
newborn infants.

REVIEW OF THE LITERATURE ON
NEONATAL LEVELS OF CARE SINCE
THE 2004 AAP POLICY STATEMENT

In 2004, the AAP defined neonatal levels
of care, including 3 distinct levels with
subdivisions in 2 of the levels.1 Level I
centers provided basic care; level II

centers provided specialty care, with
further subdivisions of IIA and IIB
centers; and level III centers provided
subspecialty care for critically ill new-
born infants with subdivisions of level
IIIA, IIIB, and IIIC facilities. Data pub-
lished since the 2004 statement have
informed the development of the levels
of care in this new policy statement.

A meta-analysis of the published liter-
ature from 1978 to 2010 clearly dem-
onstrates improved outcomes for VLBW
infants and infants <32 weeks’ gesta-
tional age born in level III centers.
Lasswell et al reviewed 41 English-
language US and international stud-
ies, which included >113 000 VLBW
infants and found that VLBW infants
born at non–level III hospitals had
a 62% increase in odds of neonatal or
predischarge mortality compared
with those born at level III hospitals
(adjusted odds ratio [aOR], 1.62; 95%
confidence interval [CI], 1.44–1.83).
Subset comparisons of studies iden-
tifying infants <32 weeks’ gestation
and extremely low birth weight
(ELBW) infants (<1000 g) demon-
strated similar effects (aOR, 1.55; 95%
CI, 1.21–1.98; aOR, 1.64; 95% CI, 1.14–
2.36, respectively). When only higher-
quality studies were included, the
findings were consistent (VLBW aOR,
1.60; 95% CI, 1.33–1.92; <32 weeks’
gestation aOR, 1.42; 95% CI, 1.06–1.88;
ELBW aOR, 1.80; 95% CI, 1.31–2.36). The
effect of level of care on VLBW mor-
tality did not vary by decade of pub-
lication29; hence, the risk of death for
VLBW infants born in level I or II fa-
cilities remained higher than those
born within a level III facility. Figures
1, 2, and 3 summarize the findings of
these studies.

As Lasswell and colleagues found, part
of the difficulty in collecting evidence
to provide accurate assessments of
VLBW outcomes has been in obtain-
ing appropriate standardized mea-
sures. Heterogeneity among studies on

neonatal levels of care suggests the
need for a quality standard for com-
parison which includes the follow-
ing elements: (1) population-based
studies within well-defined geograph-
ic regions, (2) clear definitions of
the “intervention” or hospital level of
care, and (3) appropriate adjustment
for confounding factors to include ma-
ternal social and demographic risk
factors, pregnancy and perinatal risks,
and severity of illness at delivery.

Current Controversies in Levels of
Care Designation

Although little debate exists on the
need for advanced neonatal services
for the most immature and surgically
complex neonates, ongoing controver-
sies exist regarding which facilities are
qualified to provide these services and
what is the most appropriate measure
for such qualification. These issues
are, in general, based on the need for
comparison of facil i ty experi-
ence (measured by patient volume or
census), location (inborn/outborn de-
liveries, regional perinatal center, or
children’s hospital), or case mix (in-
cluding stillbirths, delivery room deaths,
and complex congenital anomalies).

Several studies have explored the topic
of center experience as measured by
volume or census of VLBW infants.30–35

Phibbs et al conducted a population-
based retrospective cohort study of
48 237 California VLBW infants to ex-
amine differences in neonatal mortality
among NICUs with various levels of
care and patient volumes. When com-
pared with high-volume, high-level
centers, the odds ratio of death was
1.19 (range, 1.04–1.37) for level IIIB, IIIC,
or IIID centers with <100 annual
admissions, 1.78 (range, 1.35–2.34) for
level IIIA centers with 26 to 50 annual
admissions, and 2.72 (range, 2.37–3.12)
for level I centers with <10 annual
admissions. The authors also found
that the percentage of VLBW infants
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delivered in level IIIB, IIIC, or IIID centers
decreased from 36% in 1991 to 22% in
2000 and estimated that shifting VLBW
births in urban areas (92% of VLBW
births) to level IIIC or IIID centers with
>100 annual admissions would have
prevented 21% of VLBW deaths in

2000.30 In a secondary data analysis,
Chung et al found that deregionaliza-
tion of California perinatal services
resulted in 20% of VLBW deliveries oc-
curring in level I and level II hospitals,
with lower-volume hospitals having the
highest odds of mortality.31

A population-based study of 4379 VLBW
infants who were born between 1991
and 1999 in Lower Saxony, Germany,
evaluated neonatal mortality in re-
lation to both the annual volume of
births and NICU volume.32 There was
an increased odds ratio of mortality

FIGURE 1
Meta-analysis of adequate- and high-quality publications on VLBW infants, stratified by level of adjustment for confounding. (Reprinted with permission from
Lasswell S, Barfield WD, Rochat R, Blackmon L. Perinatal regionalization for very low birth weight and very preterm infants: a meta-analysis. JAMA. 2010;304
[9]:992–1000.29)

FIGURE 2
Meta-analysis of adequate- and high-quality publications on ELBW infants. (Reprinted with permission from Lasswell S, Barfield WD, Rochat R, Blackmon L.
Perinatal regionalization for very low birth weight and very preterm infants: a meta-analysis. JAMA. 2010;304[9]:992–1000.29)
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in centers with annual NICU admis-
sions of fewer than 36 VLBW infants;
the largest effect on mortality was for
infants born at less than 29 weeks’
gestation.

Other studies assessing NICU volume
suggest caution in using this mea-
sure as an effective indicator of quality
of care. Rogowski and colleagues
assessed the potential usefulness of
NICU volume as a quality indicator
among 94 110 VLBW infants entered
into the Vermont Oxford Network da-
tabase between 1995 and 2000 and
compared NICU volume with other
indicators based on hospital charac-
teristics and patient outcomes.33 They
found that although annual volume
explained 9% of the variation in hos-
pital mortality rates, other hospital
characteristics explained another 7%.
They suggested that direct measures
based on patient outcomes are more
useful quality indicators than volume
for the purpose of selective referral.

Several studies assessed the effects of
level of care, patient volume, and racial
disparities on mortality of VLBW
infants based on births in minority-
serving hospitals. Morales34 and
Howell35 evaluated mortality of VLBW
infants born in minority-serving
hospitals. In both studies, neonatal
level of care and patient volume were

each independently associated with
mortality, suggesting that delivery
of all VLBW infants at high-volume
hospitals would reduce black-white
disparities in VLBW mortality rates.
Rogowski and colleagues further
suggest that the quality of care in
poor-outcome hospitals could be im-
proved through collaborative quality
improvement, and evidence-based se-
lective referral.36

Several studies have compared the
short-term outcome of VLBW infants born
in centers with level III units (inborn)
compared with those born at lower level
centers and soon transferred to a higher
level (level III or children’s hospital; out-
born). Many of these studies are retro-
spective and may have selection bias
because infants who were trans-
ferred most likely had the highest
chance of survival and thus gave the
impression of lower mortality.24 In
a secondary analysis of a randomized
placebo-controlled study of preemptive
morphine analgesia on neonatal out-
comes, Palmer et al compared neo-
natal mortality as related to place of
birth for 894 infants who were born at
23 to 32 weeks’ gestation. Outborn
babies were more likely to have se-
vere intraventricular hemorrhage
(P = .0005), and this increased risk
persisted after controlling for severity

of illness. However, when adjusted for
antenatal steroids, the effect of birth
center was no longer significant.37

Evaluating and controlling for con-
founding variables and “case-mix”
presents another set of challenges be-
cause these factors vary by popula-
tion. For example, race and insurance
status may have more of an effect
on birth outcomes in the United
States34–36,38 than in countries with
a more homogenous population and
universal national health care.39 There
are also potential confounding factors
for which measurement is frequently
lacking, such as parental wishes re-
garding aggressive resuscitation of an
infant. Arad et al noted that parental
wishes varied by religious affilia-
tion in their 2-hospital study. Because
religious affiliation was unequally
distributed between the 2 hospitals,
fewer attempts at resuscitation may
have been made at the level III hos-
pital, with a result of improved sur-
vival at the level II facility.40 More
comprehensive studies controlling for
confounding factors are needed.

Measured outcomes other than VLBW
mortality (notably, fetal mortality,
postdischarge mortality, and long-term
physical and neurodevelopmental out-
comes) may offer important infor-
mation in assessing the evidence for

FIGURE 3
Meta-analysis of adequate- and high-quality publications on very preterm infants (<32 weeks’ gestation). (Reprinted with permission from Lasswell S,
Barfield WD, Rochat R, Blackmon L. Perinatal regionalization for very low birth weight and very preterm infants: a meta-analysis. JAMA. 2010;304[9]:992–
1000.29)
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NICUs; this estimate varied by state and
ranged from 63.7% in California to
93.4% in North Dakota. Among VLBW
infants of Hispanic mothers, 71.8%
were admitted to NICUs, compared with
79.5% of VLBW infants of non-Hispanic
black mothers and 80.5% of VLBW
infants of non-Hispanic white mothers.
In multivariable analysis, preterm de-
livery, multiple gestation, and cesarean
delivery were associated with higher
prevalence of NICU admission among
VLBW infants.13 State variations in the
receipt of intensive care for VLBW
infants may explain, in part, variation in
VLBW outcomes across the country.

Use of Uniform Definitions of Levels
of Care for Pediatricians and Other
Health Care Professionals

Variation in definition, criteria, and
state enforcement still occurs despite
the TIOP I guidelines. Blackmon et al
conducted an extensive review of all
50 states and the District of Columbia
governmental Web sites to assess state
definitions and levels terminology, func-
tional and utilization criteria, regulatory
compliance and funding measures, and
citation of AAP documents on levels
of neonatal care. The authors found
that state definitions, criteria, compli-
ance, and regulatory mechanisms for
the specific type of care neonatal cen-
ters provide varied considerably, and
they suggested a consistent national
approach.48 Lorch et al assessed all 50
states and the District of Columbia to
identify state certificate of need (CON)
legislation, a mechanism that regulates
the expansion of NICU facilities and
NICU beds. Thirty states regulated
the construction of NICUs through CON
programs, and non-CON program states
were associated with more NICU facili-
ties and more NICU beds (relative risk,
2.06; 95% CI, 1.74–2.45; and relative risk,
1.96; 95% CI, 1.89–2.03, respectively).
In large metropolitan areas, non-CON
states had higher infant mortality for
all birth weight groups.49

The Maternal and Child Health Bureau
has worked with state Title V agencies
to document the percentage of VLBW
infants delivered in high-risk facilities.
In 2008, only 5 states met the goal of at
least 90% of VLBW infants delivered at
high-risk facilities, and some states
reported less than 40% of VLBW infants
being born at facilities with the highest
level of care.12 Recently, some states,
in partnership with national organ-
izations, have taken more definitive
action in defining and regulating or-
ganization of perinatal care.50

Development of Consistent
Standards of Service

Efforts by quality-improvement col-
laboratives, health services research-
ers, and public health officials will
continue to improve the standards by
which to measure quality of care.51,52

Quality-improvement activities have
begun to flourish at all levels to im-
prove maternal and perinatal health
and ideally prevent preterm births;
this includes provider-level quality-
improvement activities, hospital-level
performance measures, and region-
al, state, and national performance
measures.53 Organizations such as
the March of Dimes and others have
promoted standard definitions of lev-
els of care since the introduction
of perinatal regionalization in the
1970s, reaffirmed its importance in
1993 (TIOP II),54 and included the con-
cept of quality care for the prevention
of preterm birth with a new TIOP (TIOP
III) in 2010.53

DEFINITIONS OF LEVELS OF
NEONATAL CARE

The updated classification consists of
basic care (level I), specialty care
(level II), and subspecialty intensive
care (level III, level IV; Table 1). These
definitions reflect the overall evidence
for risk-appropriate care through the
availability of appropriate personnel,

newborn levels of care and perinatal 
regionalization. Studies measuring the 
effect of hospital level of birth on fetal 
and neonatal outcomes stratified by 
gestational age, as well as by birth 
weight, are also helpful, because ges-
tational age is a better gauge of fe-
tal maturity.41–44 Although some studies 
include stillbirths and intrapartum fetal 
deaths, measurement and surveillance 
of fetal death varies widely.3 Congenital 
anomalies are often excluded from 
studies of perinatal regionalization but 
should be considered in the provision 
of risk appropriate care.45

Additional studies are also needed to 
assess the effectiveness and potential 
cost savings of centralizing expensive 
technologies and provider expertise for 
relatively rare conditions at a few loca-
tions and to assess the effectiveness, 
including costs, of antenatal transport.

IMPORTANCE OF NEONATAL LEVELS 
OF CARE
Provision of Standardized 
Nomenclature for Public Health
Since 2004, efforts have been made to 
improve the comparison of health 
outcomes by hospital facility through 
the use of standardized nomenclature 
on the US birth certificate. The Na-
tional Center for Health Statistics at 
the Centers for Disease Control and 
Prevention has worked with states to 
use the newly revised US Standard 
Certificate of Birth.46 This 2003 re-
vised certificate defines a NICU as 
a “hospital facility or unit staffed 
and equipped to provide continuous 
mechanical ventilatory support for 
a newborn infant.” It also includes in-
formation on the use of antenatal 
therapies and postpartum surfactant, 
which may be useful in monitoring 
population-based utilization of technol-
ogies at birth.47 In an analysis of 16 
states using the revised certificate of 
birth, Barfield et al found that overall, 
77.3% of VLBW infants were admitted to
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physical space, equipment, technology,
and organization.55 Each level reflects
the minimal capabilities, functional
criteria, and provider type required.
Currently, there are 148 specialty care
units and 809 subspecialty care units
self-identified in the 2009 AAP perinatal
section directory.

Level I

Level I units (well newborn nurseries)
provide a basic level of care to neo-
nates who are low risk. They have the

capability to perform neonatal re-
suscitation at every delivery and to
evaluate and provide routine postnatal
care for healthy newborn infants. In
addition, they can care for preterm
infants at 35 to 37 weeks’ gestation
who are physiologically stable and
can stabilize newborn infants who are
less than 35 weeks of gestation or
who are ill until they can be trans-
ferred to a facility at which specialty
neonatal care is provided. Because
late preterm infants (34–36 weeks’

gestation) are at risk for increased
neonatal morbidity and mortality, more
evidence is needed to determine their
outcomes by level of care.

Level II

Care in a specialty-level facility (level II)
should be reserved for stable or
moderately ill newborn infants who
are born at ≥32 weeks’ gestation
or who weigh ≥1500 g at birth with
problems that are expected to re-
solve rapidly and who would not be

TABLE 1 Definitions, Capabilities, and Provider Types: Neonatal Levels of Care

Level of Care Capabilities Provider Typesa

Level I • Provide neonatal resuscitation at every delivery Pediatricians, family physicians, nurse
practitioners, and other advanced
practice registered nurses

Well newborn nursery • Evaluate and provide postnatal care to stable term newborn
infants

• Stabilize and provide care for infants born 35–37 wk
gestation who remain physiologically stable

• Stabilize newborn infants who are ill and those born at <35
wk gestation until transfer to a higher level of care

Level II Level I capabilities plus:
Special care nursery • Provide care for infants born ≥32 wk gestation and weighing

≥1500 g who have physiologic immaturity or who are
moderately ill with problems that are expected to resolve
rapidly and are not anticipated to need subspecialty services
on an urgent basis

Pediatric hospitalists, neonatologist,
and neonatal nurse practitioners.

• Provide care for infants convalescing after intensive care
• Provide prompt and readily available access to a full range of
pediatric medical subspecialists, pediatric surgical
specialists, and pediatric anesthesiologists

• Provide mechanical ventilation for brief duration (<24 h) or
continuous positive airway pressure or both

• Stabilize infants born before 32 wk gestation and weighing
less than 1500 g until transfer to a neonatal intensive care
facility

Level III Level II capabilities plus:
NICU • Provide sustained life support

• Provide comprehensive care for infants born <32 wk’
gestation and weighing <1500 g and infants born at all
gestational ages and birth weights with critical illness

Pediatric medical subspecialistsb,
pediatric anesthesiologistsb, and
pediatric surgeonsb.

• Provide a full range of respiratory support that may include
conventional and/or high-frequency ventilation and inhaled
nitric oxide

• Perform advanced imaging, with interpretation on an urgent
basis, including computed tomography, MRI, and
echocardiography

Level IV Level III capabilities plus:
NICU • Located within an institution with the capability to provide

surgical repair of complex congenital or medical conditions
• Maintain a full range of pediatric medical subspecialists,
pediatric surgical subspecialists, and pediatric
anesthesiologists on site

• Facilitate transport and provide outreach education Pediatric surgical subspecialists
a Includes all providers with relevant experience, training, and demonstrated competence.
b On site or at a closely related institution by prearranged consultative agreement.
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pediatric surgical specialists. Sub-
specialty care services should in-
clude expertise in neonatology and
also ideally maternal-fetal medicine, if
mothers are referred for the man-
agement of potential preterm birth.
Level III NICUs are defined by hav-
ing continuously available personnel
(neonatologists, neonatal nurses, re-
spiratory therapists) and equipment
to provide life support for as long
as necessary. Facilities should have
advanced respiratory support and
physiologic monitoring equipment,
laboratory and imaging facilities, nu-
trition and pharmacy support with
pediatric expertise, social services,
and pastoral care.

Level III facilities should be able to
provide ongoing assisted ventilation
for periods longer than 24 hours,
which may include conventional ven-
tilation, high-frequency ventilation, and
inhaled nitric oxide. Level III facility
capabilities should also be based on
a region’s consideration of geographic
constraints, population size, and per-
sonnel resources. If geographic con-
straints for land transportation exist,
the level III facility should ensure avail-
ability of rotor and fixed-wing transport
services to quickly and safely transfer
infants requiring subspecialty interven-
tion.56 Potential transfer to higher-level
facilities or children’s hospitals, as well
as back-transport of recovering infants
to lower-level facilities, should be con-
sidered as clinically indicated.

A broad range of pediatric medical
subspecialists and pediatric surgical
specialists should be readily accessible
on site or by prearranged consultative
agreements. Prearranged consultative
agreements can be performed by using
telemedicine technology and/or tele-
phone consultation, for example, from a
distant location. Pediatric ophthalmol-
ogy services and an organized program
for the monitoring, treatment, and
follow-up of retinopathy of prematurity

should be readily available in level III
facilities.57 Level III units should have
the capability to perform major sur-
gery (including anesthesiologists with
pediatric expertise) on site or at a
closely related institution, ideally in
close geographic proximity. Because
the outcomes of less complex sur-
gical procedures in children, such
as appendectomy or pyloromyotomy,
are better when performed by
pediatric surgeons compared with
general surgeons, it is recommended
that pediatric surgical specialists
perform all procedures in newborn
infants.58

Level III facilities should have the ca-
pability to perform advanced imaging
with interpretation on an urgent basis,
including CT, MRI, and echocardiogra-
phy. Level III facilities should collect data
to assess outcomes within their facility
and to compare with other levels.

Level IV

Level IV units include the capabilities of
level III with additional capabilities and
considerable experience in the care of
the most complex and critically ill
newborn infants and should have pe-
diatric medical and pediatric surgi-
cal specialty consultants continuously
available 24 hours a day. Level IV fa-
cilities would also include the capa-
bility for surgical repair of complex
conditions (eg, congenital cardiac
malformations that require cardiopul-
monary bypass with or without ex-
tracorporeal membrane oxygenation).
More evidence is needed to assess the
risk of morbidity and mortality by level
of care for newborn infants with com-
plex congenital cardiac malformations.
A recent study by Burstein et al59 was
not able to note a difference in post-
operative morbidity or mortality asso-
ciated with dedicated pediatric cardiac
ICUs versus NICUs and PICUs but did
not separately assess the newborn and
postneonatal periods. Although specific

anticipated to need subspecialty-level 
services on an urgent basis. These 
situations usually occur as a result of 
relatively uncomplicated preterm labor 
or preterm rupture of membranes. 
There is limited evidence to support 
the specific subdivision of level II care, 
in part because of the lack of studies 
with well-defined subdivisions. Level II 
facilities should take into consider-
ation geographic constraints and 
population size when assessing the 
staffing resources needed to care 
appropriately for moderately ill new-
born infants.
Level II nurseries may provide assisted 
ventilation on an interim basis until the 
infant’s condition either soon improves 
or the infant can be transferred to 
a higher-level facility. Delivery of con-
tinuous positive airway pressure 
should be readily available by experi-
enced personnel, and mechanical 
ventilation can be provided for a brief 
duration (less than 24 hours). Level II 
nurseries must have equipment (eg, 
portable chest radiograph, blood gas 
laboratory) and personnel (eg, physi-
cians, specialized nurses, respiratory 
therapists, radiology technicians, lab-
oratory technicians) continuously 
available to provide ongoing care as 
well as to address emergencies. Re-
ferral to a higher level of care should 
occur for all infants when needed for 
subspecialty surgical or medical in-
tervention.

Level III
Evidence suggests that infants who are 
born at <32 weeks’ gestation, weigh 
<1500 g at birth, or have complex 
medical or surgical conditions, re-
gardless of gestational age, should be 
cared for at a level III facility. Desig-
nation of level III care should be based 
on clinical experience, as demonstrated 
by large patient volume, increasing 
complexity of care, and availability of 
pediatric medical subspecialists and
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supporting data are not currently
available, it is thought that concen-
trating the care of such infants
at designated level IV centers will allow
these centers to develop the expertise
needed to achieve optimal outcomes.

Not all level IV hospitals need to act as
regional centers; however, regional
organization of perinatal health care
services requires that there be co-
ordination in the development of spe-
cialized services, professional continuing
education to maintain competency, fa-
cilitation of opportunities for transport
and back-transport,60 and collection of
data on long-term outcomes to evalu-
ate both the effectiveness of delivery of
perinatal health care services and the
safety and efficacy of new therapies.
These functions usually are best ach-
ieved when responsibility is concen-
trated in a single regional center with
both perinatal and neonatal sub-
specialty services. In some cases, re-
gional coordination may be provided
adequately by the collaboration of a
children’s hospital with a subspecialty
perinatal facility that is in close geo-
graphic proximity.61

STANDARDS OF SERVICE FOR
HOSPITALS PROVIDING NEONATAL
CARE

Current evidence indicates that family
and cultural considerations are im-
portant for care of sick neonates.62–65

These considerations include family-
and patient-centered care, culturally
effective care, family-based education,
and opportunities for back-transport
to level II facilities or transfer to the
family’s local community facility when
medically and socially indicated.64–67

SUMMARY AND
RECOMMENDATIONS

1. Regionalized systems of perinatal
care are recommended to ensure
that each newborn infant is delivered

and cared for in a facility most
appropriate for his or her health
care needs, when possible, and to
facilitate the achievement of opti-
mal health outcomes.

� Because VLBW and/or very pre-
term infants are at increased
risk of predischarge mortality
when born outside of a level III
center, they should be deliv-
ered at a level III facility unless
this is precluded by the moth-
er’s medical condition or there
are geographic constraints.

2. The functional capabilities of facili-
ties that provide inpatient care for
newborn infants should be classi-
fied uniformly on the basis of geo-
graphic and population parameters
in collaboration with state health
departments, as follows:

� Level I: a hospital nursery or-
ganized with the personnel and
equipment to perform neonatal
resuscitation, evaluate and pro-
vide postnatal care of healthy
newborn infants, provide care
for infants born at 35 to 37
weeks’ gestation who remain
physiologically stable, and sta-
bilize ill newborn infants or
infants born at less than 35
weeks’ gestational age until
transfer to a facility that can
provide the appropriate level
of neonatal care.

� Level II: a hospital special care
nursery organized with the
personnel and equipment to
provide care to infants born
at 32 weeks’ gestation or more
and weighing 1500 g or more
at birth who have physiologic
immaturity, such as apnea of
prematurity, inability to main-
tain body temperature, or in-
ability to take oral feedings;
who are moderately ill with
problems that are expected to
resolve rapidly and are not an-

ticipated to need subspecialty
services on an urgent basis; or
who are convalescing from
a higher level of intensive care.
A level II center has the capa-
bility to provide continuous
positive airway pressure and
may provide mechanical venti-
lation for brief durations (less
than 24 hours).

� Level III: a hospital NICU orga-
nized with personnel and equip-
ment to provide continuous life
support and comprehensive
care for extremely high-risk
newborn infants and those with
complex and critical illness. This
includes infants born weighing
<1500 g or at <32 weeks’ ges-
tation. Level III units have the
capability to provide advanced
medical and surgical care. Level
III units routinely provide ongo-
ing assisted ventilation; have
ready access to a full range of
pediatric medical subspecialists;
have advanced imaging with in-
terpretation on an urgent basis,
including CT, MRI, and echocar-
diography; have access to pedi-
atric ophthalmologic services
with an organized program for
the monitoring, treatment, and
follow-up of retinopathy of pre-
maturity; and have pediatric
surgical specialists and pediat-
ric anesthesiologists on site or
at a closely related institution to
perform major surgery. Level III
units can facilitate transfer to
higher-level facilities or child-
ren’s hospitals, as well as back-
transport recovering infants to
lower-level facilities, as clinically
indicated.

� Level IV units have the capa-
bilities of a level III NICU and
are located within institutions
that can provide on-site surgi-
cal repair of serious congenital
malformations. Level IV units
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can facilitate transport systems
and provide outreach education
within their catchment area.

3. The functional capabilities of facilities
that provide inpatient care for new-
born infants should be classified uni-
formly and with clear definitions that
include requirements for equipment,
personnel, facilities, ancillary serv-
ices, training, and the organization
of services (including transport) for
the capabilities of each level of care.

4. Population-based data on patient
outcomes, including mortality, mor-
bidity, and long-term outcomes,

should be obtained to provide
level-specific standards for patients
requiring various categories of
specialized care, including surgery.
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A
Acetaminophen

for patent ductus arteriosus, 299
for procedural pain management, 338

ACMG recommended screening panel (2005), 56
Acyclovir therapy, for HSV infection, 198, 201–206
“Adjusted age,” 419
Adjuvant therapies, for neonatal encephalopathy, 249–250
Advanced practice registered nurse (APRN), 417–418
aEEG. See Amplitude-integrated electroencephalography (aEEG)
Age terminology

“adjusted age,” 419
“chronological age,” 419, 420
“conceptual age,” 419–420, 421
“corrected age,” 419, 420
“gestational age,” 419, 420
during the neonatal period, 419–421
“postconceptual age,” 421
“postmenstrual age,” 420–421
“postnatal age,” 419

Alcohol-based products, 230
Alcohol use

during pregnancy. See Alcohol use during pregnancy
sudden infant death syndrome and, 390–391

Alcohol use during pregnancy, 275, 277
sudden infant death syndrome and, 390–391

Amplitude-integrated electroencephalography (aEEG), 248
Anesthesia/sedation

Apgar score, effect on, 128
apnea of prematurity and, 89, 243
for endotracheal intubation, 325–326, 328
for inguinal hernia repairs, 243–244
safe sleep, effects on, 350, 352
topical anesthetic agents, 338

Anthrax, 426, 427, 430
Antibiotic use/misuse

early-onset sepsis
neonates born ≤34 6/7 weeks’ gestation with suspected or 

proven EOS, 219–226
neonates born ≥35 0/7 weeks’ gestation with suspected or 

proven EOS, 209–215
health care–associated infections and, 191–194, 229–236
“late-preterm” infants, 114

Antidepressant-exposed infants, 277–279
Antiviral therapy

for hepatitis B, 186, 187
for neonatal HSV disease, 200, 201

Apgar score, 127–129
components of, 127
expanded reporting form, 129
limitations of, 128
monitoring of low scores, 129
as a predictor of outcome, 129
recommendations, 129
resuscitation and, 128

Apnea of prematurity, 85
blood transfusions for, 88
classification of, 86
definition of, 86
discharge considerations, 88–89
epidemiology, 86
factors implicated in the pathogenesis of, 86
gastroesophageal reflux, infants with, 88

from gastroesophageal reflux, 95
general anesthesia and, 89, 243
“late-preterm” infants, 113
monitoring infants for, 86–87
nasal continuous positive airway pressure for, 88, 133
nasal intermittent positive pressure ventilation for, 132–133
preterm infants, 4
time course to resolution, 86
transportation of discharged infants at risk for, 28–29
treatments for, 87–88
xanthine therapy for, 87–88

APRN. See Advanced practice registered nurse (APRN)
Atropine, for endotracheal intubation (nonemergency), 325, 326, 328

B
Bacterial sepsis. See Early-onset sepsis (EOS)
Bacteroides fragilis, 222, 223, 224
Behavioral Indicators of Infant Pain (BIIP), 333
Benzodiazepines

management of acquired dependency on, 285–289
pain management/prevention with, 337–338

Bernese Pain Scale for Neonates (BPSN), 335
Bilevel nasal CPAP (BiPAP)

nasal CPAP versus, 134–135
physiologic principles, 132
technical considerations, 132

Biliary atresia, 67–68
conjugated bilirubin concentrations, 68–69, 71–72
defining, 68
diagnosis of, 68–70
differential diagnoses, 70
direct bilirubin concentrations, 68
extent of, 68
jaundice and, 68
Kasai hepatic portoenterostomy for, 67, 68, 70–71
natural history of, 68
newborn screening for, 67–72
screening modalities, 69–70
stool color card screening for, 68, 69–72
treatment of, 68, 70–71

Bilirubin concentrations
conjugated, 68–69, 71–72
direct, 68

Bilirubin encephalopathy. See Hyperbilirubinemia
Bioterrorism, 427
BiPAP. See Bilevel nasal CPAP (BiPAP)
Birthing. See Home birth; Labor and delivery
Birthing facilities

home birth. See Home birth
newborn screening, 49–50

Bloodstream infections, catheter-related, 192
diagnosis of, 193
prevention strategies, 230–233

Blood transfusions
for apnea of prematurity, 88
jaundice, exchange transfusion for, 258, 266

Body positioning
for preterm infants with gastroesophageal reflux, 96
for procedural pain management, 336
safe sleep, 369–371, 381–383. See also Safe sleep
in skin-to-skin care, 351

BPD. See Bronchopulmonary dysplasia (BPD)
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Bradycardia
from endotracheal intubation, 324
from gastroesophageal reflux, 95
preterm infants

gastroesophageal reflux, precipitation of bradycardia by, 95
monitoring, 86–87

transportation of discharged infants at risk for, 28–29
Breastfeeding. See also Human milk

hyperbilirubinemia in breastfed infants, 259, 265, 318
pacifier use during, 390
and pain response, 336
as a SIDS preventive measure, 372–373, 384–385

Bronchoalveolar lavage, 195
Bronchopulmonary dysplasia (BPD)

dexamethasone for, 153, 154–156, 158
hydrocortisone differences, 157–158

discharge planning for infants with, 5–7
from gastroesophageal reflux, 95–96
glucocorticoids for, 157, 158
home oxygen therapy for infants with, 4–5
hydrocortisone for, 156–157, 158

dexamethasone differences, 157–158
inhaled nitric oxide therapy. See Inhaled nitric oxide (iNO) therapy
mechanical ventilation for, 131
from patent ductus arteriosus, 298
postnatal corticosteroids for, 153–158

Buprenorphine, 284

C
Candida species, 192, 193
Cardiopulmonary problems

ductal-dependent cardiac lesions, 11
hypertension. See Hypertension
“late-preterm” infants, 113

Care of newborn
after home birth

immediate newborn care, 22–23
subsequent newborn care, 23–24

follow-up care. See Follow-up care
levels of care. See Levels of care
transitional care, 23

Car safety seats
low birth weight infants, 27–30
preterm infants, 27–30
proper positioning of, 29–30

Catheter-related bloodstream infections, 192
diagnosis of, 193
prevention of, 230–233

CDHs. See Congenital diaphragmatic hernias (CDHs)
Central-line–related infections. See Catheter-related  

bloodstream infections
Central nervous system (CNS)

bilirubin-induced damage, 260–262
depressants, 276
stimulants, 276–277

Chemical agents, 427
Chlorhexidine/chlorhexidine gluconate, 230–231

for umbilical stump, 34–35
Chlorpromazine, 284
Cholestasis and biliary atresia, 57
Chronic lung disease. See Bronchopulmonary dysplasia
“Chronological age,” 419, 420
Cisatracurium, for endotracheal intubation (nonemergency), 326

Clonidine, 284–285
for neonatal drug withdrawal, 283, 284–285, 289, 290
for neonatal encephalopathy, 250

Clostridium tetani, 34
CNS. See Central nervous system (CNS)
Coagulase-negative Staphylococcus species, 192, 193, 194, 232
Cocaine-exposed infants, 276–277
COMFORTneo, 334
“Conceptual age,” 419–420, 421
Congenital diaphragmatic hernia (CDH), 311

congenital abnormalities in infants with, 311–315
follow-up for infants with, 313
foregut dysmotility in infants with, 312
gastroesophageal reflux in infants with, 312
growth failure in infants with, 312
hearing loss in infants with, 312
orthopedic deformities in infants with, 312, 314
pulmonary morbidity from, 311–312
recurrence of, 312

Continuous positive airway pressure (CPAP)
bilevel nasal. See Bilevel nasal CPAP (BiPAP)
versus high-flow nasal cannula, 135–137
high-flow nasal cannula for weaning from, 135
nasal. See Nasal continuous positive airway pressure (nCPAP)
surfactant therapy and, 171

Contralateral inguinal exploration, 244
“Corrected age,” 419, 420
Corticosteroids for bronchopulmonary dysplasia.  

See Bronchopulmonary dysplasia (BPD)
COVERS Neonatal pain scale, 334
CPAP. See Continuous positive airway pressure (CPAP)
Crying Requires Increased oxygen administration, Increased vital 

signs, Expression, Sleeplessness (CRIES), 334

D
Death. See also Morbidity and mortality

fetal, 410, 412–413
infant, 410, 413
perinatal, 410–411
reporting requirements, 411–413
SIDS. See Sudden infant death syndrome (SIDS)
standard terminology for, 409–413

Delivery. See Labor and delivery
Depressants (CNS), 276
Dexamethasone

for bronchopulmonary dysplasia. See Bronchopulmonary  
dysplasia (BPD)

hydrocortisone differences, 157–158
neurodevelopmental outcomes from, 155

Dexmedetomidine, for procedural pain management, 338
Diazepam treatment, 284
Direct bilirubin concentrations, 68
Disaster preparedness in neonatal intensive care units, 425–427.  

See also Emergency mass critical care (EMCC)
Discharge from hospital

criteria for, 12
healthy term newborn infants, 12–14
high-risk infants, 3–8. See also Discharge planning for high-risk 
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infant readiness
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pathogenesis, 220
prevention strategies, 224
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Ebola virus disease, 427
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adjuvant therapies for, 249–250
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Eye prophylaxis, 23
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histamine-2 receptor blockers, 97
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summary and recommendations, 98
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Growth issues
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Guardians. See Parent(s)/guardian(s)
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infants with special health care needs. See Infants with  
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complications from, 22
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obstacles to, 21
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Hydrocortisone
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dexamethasone differences, 157–158
neurodevelopmental outcomes from, 156–157

Hyperbilirubinemia
acute bilirubin encephalopathy, 264
algorithm for the management of, 255
bilirubin/albumin ratio, 259, 266–267
breastfed infants, 259, 265, 318
capillary serum bilirubin measurement, 265
conjugated bilirubin, 265
direct-reacting bilirubin, 265
follow-up, 258
future research, 260–262
G6PD dehydrogenase deficiency, 265–266
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laboratory evaluation, 257
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for bronchopulmonary dysplasia, 176
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long-term pulmonary outcome, effects on, 176
meta-analyses of studies evaluating, 176, 178
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summary, 179
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skin-to-skin care while in the NICU, 357–359
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Intracranial hypertension, from endotracheal intubation, 324

J
Jaundice, 11. See also Hyperbilirubinemia

biliary atresia and, 68
cause of, 256–257
clinical evaluation of, 264–265
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evidence regarding, 18
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Apgar score as a predictor of, 129
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list of, 276
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from gastroesophageal reflux, 95
transportation of discharged infants at risk for, 28–29

Oxygen/oxygen saturation. See also Pulse oximetry
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newborn screening, consent to or refusal of, 44

documenting refusals, 65–66
preterm infants

attitudes of parents, 79–80
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Patent ductus arteriosus (PDA) in preterm infants
adverse outcomes from, 298
clinical epidemiology of, 297–298
clinical trial opportunities, 299–300
hemodynamic effects, 298
natural history of, 297–298
outcome(s), 300
treatment benefits/risks, 298–300
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dose-response relationship, 269
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measurement of, 268–269

evidence-based practice, 306–307
graded interventions, 309
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maximum spectral irradiance of, 305
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rate of response to, 306
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protective measures, 307
rate of response to, 306
research needs, 307–308
safety issues, 307
severe hyperbilirubinemia, prevention of, 303–309
stopping, 271
sunlight exposure, 271
using effectively, 270–271

Planned home birth. See Home birth
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health care–associated, 192–193
diagnosis of, 193–195
prevention strategies, 233
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Postextubation failure
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PPIs. See Proton pump inhibitors (PPIs)
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herpes simplex virus risk during, 198
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maternal smoking during, 275–276
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apnea of prematurity, 4
bradycardia
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at birth, 163–165
inhaled nitric oxide therapy. See Inhaled nitric oxide (iNO) 
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skin-to-skin care in the neonatal intensive care unit, 357–359
sudden infant death syndrome, prevention of, 4, 370, 382. See also 

Sudden infant death syndrome (SIDS)
transportation after discharge from hospital, 27–30

Procedural pain management/prevention, 331–332
alternative medications for, 338
with benzodiazepines, 337–338
with glucose, 336–337
nonpharmacologic treatment, 336
with opioids, 337
pharmacologic treatment, 336–338
recommendations, 338–339
with sucrose, 336–337
topical anesthetic agents, 338

Prokinetic agents, for preterm infants with gastroesophageal reflux,  
96, 97

Propofol
for endotracheal intubation (nonemergency), 325–326, 328
for procedural pain management, 338

Proton pump inhibitors (PPIs), 97–98
Pseudomonas species, 34
Pulmonary hypertension. See Hypertension
Pulse oximetry

device limitations, 144–145
fetal versus adult hemoglobin, 145
Pao2-Sao2 relationship, 145
principles of, 144

R
Remifentanil, for endotracheal intubation (nonemergency), 324, 325, 

328
Respiratory disease

chronic lung disease. See Bronchopulmonary dysplasia (BPD)
from gastroesophageal reflux, 95
in “late-preterm” infants, 112

Respiratory distress syndrome
nasal continuous positive airway pressure for, 133, 134
surfactant therapy. See Surfactant therapy

Respiratory support
Apgar score. See Apgar score
bronchopulmonary dysplasia,

mechanical ventilation for, 131
postnatal corticosteroids for. See Bronchopulmonary  

dysplasia (BPD)
noninvasive, 131–137. See also Bilevel nasal CPAP (BiPAP); 

High-flow nasal cannula (HFNC); Nasal continuous 
positive airway pressure (nCPAP); Nasal intermittent 
positive pressure ventilation (NIPPV)

oxygen targeting for extremely LBW infants. See Low birth weight 
(LBW) infants

for preterm infants at birth, 163–165
surfactant therapy. See Surfactant therapy
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Resuscitation
after home birth, 22
Apgar score and, 128
preterm infants less than 25 weeks’ gestation, antenatal  

counseling regarding, 77–81
Rocuronium, for endotracheal intubation (nonemergency), 326, 328
Rooming-in

benefits of, 349
definition of, 347–348
evidence for, 349
safe sleep and. See Safe sleep
safety issues, 351–352
safety suggestions, 352
suggestions for, 352
transitioning to home, 352–353

S
Safe sleep. See also Rooming-in

after discharge from hospital, 352–353
bedding, 388–389
breastfeeding and, 372–373, 384–385
commercial devices and, 392–393
educational interventions, 394–395
fans, 391
head coverings, use of, 391
home monitors, use of, 393
during hospital stay, 347–353
infant sleep location, 373–374, 385–388
infant sleep position, 369–371, 381–383
maternal prenatal care, 390
media messaging, 395
overheating and, 391
pacifier use, 389–390
room ventilation and, 391
skin-to-skin care and, 347–359. See also Skin-to-skin care (SSC)
sleep surfaces, 371–372, 383–384
smoking during pregnancy, 390
swaddling and, 393–394
tummy time and, 393
2016 updated recommendations, 363–408

Safety issues
high-flow nasal cannula, 137
inhaled nitric oxide therapy, 179
nasal intermittent positive pressure ventilation, 133
phototherapy for hyperbilirubinemia in newborn infants  

≥35 weeks of gestation, 307
safe sleep. See Safe sleep
skin-to-skin care, 349–351, 358–359

Scale for Use in Newborns (SUN), 335
Screening. See Newborn screening
Sedation. See Anesthesia/sedation
Selective serotonin uptake inhibitor (SSRI)-exposed infants, 277–279
Sensorial stimulation (SS), 336
Sepsis, early-onset, 209–210. See also Early-onset sepsis (EOS)
SIDS. See Sudden infant death syndrome (SIDS)
Skin-to-skin care (SSC), 336

benefits of, 348–349, 358
definition of, 347–348
evidence for, 348–349, 358–359
immediate SSC procedure, 350
intermittent, 357–358
preterm infants in the NICU, 357–359
risks in, 358–359

safe positioning of newborn, 351
safe sleep and, 347–359
safety issues, 349–350, 358–359
safety suggestions, 350–351
term infants in the NICU, 357–359
transitioning to home, 352–353

Sleep. See Safe sleep
Smallpox, 427
Smoking

during pregnancy. See Smoking during pregnancy
sudden infant death syndrome and, 390

Smoking during pregnancy, 275–276
sudden infant death syndrome and, 390

Sodium alginate, for preterm infants with gastroesophageal reflux, 97
Special health care needs. See Infants with special health care needs
SS. See Sensorial stimulation (SS)
SSC. See Skin-to-skin care (SSC)
Staphylococcus aureus, 34, 193, 214, 223, 234
State newborn screening advisory committees, 52
Stimulant-exposed infants, 276–277
Stimulants, central nervous system (CNS), 276–277
Stool color card screening, for biliary atresia, 68, 69–72
Stress assessment, 332, 336
Succinylcholine, for endotracheal intubation (nonemergency), 326, 328
Sucking-related procedural pain management, 336
Sucrose pain management, 336–337
Sudden infant death syndrome (SIDS), 363–364, 375–376.  

See also Safe sleep
age(s) at death, 366, 378
alcohol/drug use and, 390–391
educational interventions for, 394–395
ethnic disparities in, 366, 378
genetics of, 366–369, 378–381
home monitors, use of, 393
immunizations and, 391–392
media messages and, 395
pathophysiology of, 366–369, 378–381
preventive measures

bedding, 388–389
breastfeeding, 372–373, 384–385
commercial devices, 392–393
educational interventions, 394–395
fans, 391
head coverings, 391
home monitors, use of, 393
infant sleep location, 373–374, 385–388
infant sleep position, 369–371, 381–383
maternal prenatal care, 390
media messages, 395
overheating, 391
pacifier use, 389–390
preterm infants, 4, 370, 382
recommendations, 369–374, 381–395
room ventilation, 391
sleep surfaces, 371–372, 383–384
smoking during pregnancy, 390
swaddling, 393–394
tummy time, 393

racial disparities in, 366, 378
smoking and, 390
swaddling and, 393–394
toxicants and, 394
tummy time and, 393
US trends, 364–366, 376–378
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Sudden unexpected death in infancy (SUDI). See Sudden infant death 
syndrome (SIDS)

Superstorms. See Emergency mass critical care (EMCC)
Support services

discharge planning for high-risk infants, 7
respiratory. See Respiratory support

Surfactant therapy, 167–168
administration, 169–170

early administration (INSURE strategy), 169
animal-derived versus synthetic surfactants, 169
antenatal steroids and, 171
clinical implications, 172
clinical trials, effectiveness in, 168
composition and dosage, 170
continuous positive airway pressure and, 171
early versus delayed therapy for RDS, 168–169
for non-RDS respiratory disorders, 170–171
prophylactic versus rescue surfactants, 168
summary of science, 172

Survival. See Morbidity and mortality
Swaddling

for procedural pain management, 336
sudden infant death syndrome and, 393–394

T
Technology

infants dependent on. See Infants dependent on technology
newborn screening advances, 41–42

Term infants
early-onset sepsis risk factors, 211–213
healthy. See Healthy term newborn infants
hypoglycemia in. See Hypoglycemia in late-preterm and  

term infants
skin-to-skin care in the NICU, 357–359

Testicular descent, 241–242
Tetracaine gel, 338
Thiopental, for endotracheal intubation (nonemergency), 325, 328
Tobacco use during pregnancy, 275
Topical anesthetic agents, 338
Toxicants and SIDS, 394
Transportation of infants after discharge

low birth weight infants, 27–30
preterm infants, 27–30

U
Umbilical cord

bacterial colonization of, 33–34
care. See Umbilical cord care
nonpathogenic colonization, promotion of, 35

Umbilical cord care, 33–34
antimicrobial agents for, 35–36
dry cord care, 35
evidence-based practice, 34–35

Universal newborn screening, 24

V
Vaccines

hepatitis B, perinatal. See Hepatitis B vaccine
sudden infant death syndrome and, 391–392

Vagolytic agents, for endotracheal intubation (nonemergency), 326
Valacyclovir, for HSV infection, 201
Vancomycin, 232, 234
Vecuronium, for endotracheal intubation (nonemergency), 326, 328
Vitamin K, 23

and childhood cancer, 423–424
controversies concerning, 423–424

Vitamin K deficiency bleeding (VKDB), 423

W
Water births, 17–19

complications reported from, 19
evidence regarding, 18
proposed benefits of, 18–19

Wildfires. See Emergency mass critical care (EMCC)
Withdrawal. See Drug withdrawal

X
Xanthine therapy, for apnea of prematurity, 87–88

Z
Zika virus, 426, 427
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Clinical practice guidelines have long 
provided physicians with an evidence-
based decision-making tool for managing 
common pediatric conditions. Policy 
statements issued by the American 
Academy of Pediatrics (AAP) are 
developed to provide physicians with a 
quick reference guide to the AAP position 
on child health care issues. 

This manual contains an AAP clinical 
practice guideline and AAP policy 
statements, clinical reports, and technical 
reports related to neonatal care.

Within this compendium, you will find the 
collected results of the AAP Committee on 
Fetus and Newborn efforts over the past 
several years, in addition to select policies 
from other AAP groups. A wide range of 
perinatal topics, from antenatal counseling 
for periviable birth, to hospital discharge 
of the high-risk neonate, to post-discharge 
follow-up of infants with congenital 
diaphragmatic hernia, is captured in  
these pages. 

More than 40 different topics, organized 
into 9 sections for easy reference, are 
included. Each statement or report 
contains an abstract overview, a concise 
presentation and critique of the available 
data, and a summary of the findings and/
or recommendations, along with a current 
and comprehensive bibliography.

Sections include

• Delivery/Discharge
• Newborn Screening
• High-Risk Newborn/Prematurity
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• Infections/Vaccinations
• Complications/Issues
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• Sudden Infant Death Syndrome/ 

Infant Death
• Other Related Policies
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