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Special Report—Neonatal Resuscitation:
2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care
The following guidelines are an interpretation of the evidence presented in the 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment
Recommendations1). They apply primarily to newly born infants undergoing transition from intrauterine to extrauterine life, but the recommendations are also applicable to neonates who have completed perinatal transition and require resuscitation during the ﬁrst few weeks to
months following birth. Practitioners who resuscitate infants at birth
or at any time during the initial hospital admission should consider
following these guidelines. For the purposes of these guidelines, the
terms newborn and neonate are intended to apply to any infant during
the initial hospitalization. The term newly born is intended to apply
speciﬁcally to an infant at the time of birth.
Approximately 10% of newborns require some assistance to begin
breathing at birth. Less than 1% require extensive resuscitative measures.2,3 Although the vast majority of newly born infants do not require
intervention to make the transition from intrauterine to extrauterine
life, because of the large total number of births, a sizable number will
require some degree of resuscitation.
Those newly born infants who do not require resuscitation can generally be identiﬁed by a rapid assessment of the following 3
characteristics:
● Term gestation?
● Crying or breathing?
● Good muscle tone?

If the answer to all 3 of these questions is “yes,” the baby does not need
resuscitation and should not be separated from the mother. The baby
should be dried, placed skin-to-skin with the mother, and covered with
dry linen to maintain temperature. Observation of breathing, activity,
and color should be ongoing.
If the answer to any of these assessment questions is “no,” the infant
should receive one or more of the following 4 categories of action in
sequence:
A. Initial steps in stabilization (provide warmth, clear airway if necessary, dry, stimulate)
B. Ventilation
e1400
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FIGURE.
Newborn Resuscitation Algorithm.

C. Chest compressions
D. Administration of epinephrine and/
or volume expansion
Approximately 60 seconds (“the Golden
Minute”) are allotted for completing the
initial steps, reevaluating, and beginning
ventilation if required (see Figure). The
decision to progress beyond the initial
steps is determined by simultaneous
PEDIATRICS Volume 126, Number 5, November 2010

assessment of 2 vital characteristics:
respirations (apnea, gasping, or labored
or unlabored breathing) and heart rate
(whether greater than or less than 100
beats per minute). Assessment of heart
rate should be done by intermittently
auscultating the precordial pulse. When
a pulse is detectable, palpation of the
umbilical pulse can also provide a rapid

estimate of the pulse and is more accurate than palpation at other sites.4,5
A pulse oximeter can provide a continuous assessment of the pulse without
interruption of other resuscitation
measures, but the device takes 1 to 2
minutes to apply, and it may not function during states of very poor cardiac
output or perfusion. Once positive
e1401

pressure ventilation or supplementary
oxygen administration is begun, assessment should consist of simultaneous evaluation of 3 vital characteristics: heart rate, respirations, and the
state of oxygenation, the latter optimally determined by a pulse oximeter
as discussed under “Assessment of Oxygen Need and Administration of Oxygen” below. The most sensitive indicator of a successful response to each
step is an increase in heart rate.

ANTICIPATION OF
RESUSCITATION NEED
Anticipation, adequate preparation,
accurate evaluation, and prompt initiation of support are critical for successful neonatal resuscitation. At every delivery there should be at least 1
person whose primary responsibility
is the newly born. This person must be
capable of initiating resuscitation, including administration of positivepressure ventilation and chest compressions. Either that person or
someone else who is promptly available should have the skills required to
perform a complete resuscitation, including endotracheal intubation and
administration of medications.6 Several studies have demonstrated that a
cesarean section performed under regional anesthesia at 37 to 39 weeks,
without antenatally identiﬁed risk factors, versus a similar vaginal delivery
performed at term, does not increase
the risk of the baby requiring endotracheal intubation.7–10
With careful consideration of risk factors, the majority of newborns who
will need resuscitation can be identiﬁed before birth. If the possible need
for resuscitation is anticipated, additional skilled personnel should be recruited and the necessary equipment
prepared. Identiﬁable risk factors and
the necessary equipment for resuscitation are listed in the Textbook of
Neonatal Resuscitation, 6th Edition
e1402
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(American Academy of Pediatrics, in
press).11 If a preterm delivery (⬍37
weeks of gestation) is expected, special preparations will be required. Preterm babies have immature lungs that
may be more difﬁcult to ventilate and
are also more vulnerable to injury by
positive-pressure ventilation. Preterm
babies also have immature blood vessels in the brain that are prone to hemorrhage; thin skin and a large surface
area, which contribute to rapid heat
loss; increased susceptibility to infection; and increased risk of hypovolemic shock related to small blood
volume.

INITIAL STEPS
The initial steps of resuscitation are to
provide warmth by placing the baby
under a radiant heat source, positioning the head in a “snifﬁng” position to
open the airway, clearing the airway if
necessary with a bulb syringe or suction catheter, drying the baby, and
stimulating breathing. Recent studies
have examined several aspects of
these initial steps. These studies are
summarized below.
Temperature Control
Very low-birth-weight (⬍1500 g) preterm babies are likely to become hypothermic despite the use of traditional
techniques for decreasing heat loss.12
For this reason additional warming techniques are recommended (eg, prewarming the delivery room to 26°C,13 covering
the baby in plastic wrapping (food or
medical grade, heat-resistant plastic)
(Class I, LOE A14,15), placing the baby on an
exothermic mattress (Class IIb, LOE B16),
and placing the baby under radiant heat
(Class IIb, LOE C17). The infant’s temperature must be monitored closely because
of the slight, but described risk of hyperthermia when these techniques are used
in combination (Class IIb, LOE B16). Other
techniques for maintaining temperature during stabilization of the baby in
the delivery room have been used (eg,

prewarming the linen, drying and swaddling, placing the baby skin-to-skin with
the mother and covering both with a
blanket) and are recommended, but they
have not been studied speciﬁcally (Class
IIb, LOE C). All resuscitation procedures,
including endotracheal intubation, chest
compression, and insertion of intravenous lines, can be performed with these
temperature-controlling interventions in
place (Class IIb, LOE C).
Infants born to febrile mothers have
been reported to have a higher incidence of perinatal respiratory depression, neonatal seizures, and cerebral
palsy and an increased risk of mortality.18,19 Animal studies indicate that hyperthermia during or after ischemia is
associated with progression of cerebral injury. Lowering the temperature
reduces neuronal damage.20 Hyperthermia should be avoided (Class IIb, LOE C).
The goal is to achieve normothermia and
avoid iatrogenic hyperthermia.
Clearing the Airway
When Amniotic Fluid Is Clear
There is evidence that suctioning of the
nasopharynx can create bradycardia
during resuscitation21,22 and that suctioning of the trachea in intubated babies receiving mechanical ventilation
in the neonatal intensive care unit
(NICU) can be associated with deterioration of pulmonary compliance and
oxygenation and reduction in cerebral
blood ﬂow velocity when performed
routinely (ie, in the absence of obvious
nasal or oral secretions).23,24 However,
there is also evidence that suctioning
in the presence of secretions can decrease respiratory resistance.25 Therefore it is recommended that suctioning
immediately following birth (including
suctioning with a bulb syringe) should
be reserved for babies who have obvious obstruction to spontaneous breathing or who require positive-pressure
ventilation (PPV) (Class IIb, LOE C).
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When Meconium is Present
Aspiration of meconium before delivery, during birth, or during resuscitation can cause severe meconium aspiration syndrome (MAS). Historically a
variety of techniques have been recommended to reduce the incidence of
MAS. Suctioning of the oropharynx before delivery of the shoulders was considered routine until a randomized
controlled trial demonstrated it to be
of no value.26 Elective and routine endotracheal intubation and direct suctioning of the trachea were initially
recommended for all meconium-stained
newborns until a randomized controlled trial demonstrated that there
was no value in performing this procedure in babies who were vigorous
at birth.27 Although depressed infants
born to mothers with meconium-stained
amniotic ﬂuid (MSAF) are at increased
risk to develop MAS,28,29 tracheal suctioning has not been associated with reduction in the incidence of MAS or mortality
in these infants.30,31 The only evidence
that direct tracheal suctioning of meconium may be of value was based on comparison of suctioned babies with historic
controls, and there was apparent selection bias in the group of intubated babies
included in those studies.32–34
In the absence of randomized, controlled trials, there is insufﬁcient evidence to recommend a change in the
current practice of performing endotracheal suctioning of nonvigorous
babies with meconium-stained amniotic ﬂuid (Class IIb, LOE C). However, if
attempted intubation is prolonged
and unsuccessful, bag-mask ventilation should be considered, particularly
if there is persistent bradycardia.
Assessment of Oxygen Need
and Administration of Oxygen
There is a large body of evidence that
blood oxygen levels in uncompromised
babies generally do not reach extrauterine values until approximately 10
minutes following birth. OxyhemogloPEDIATRICS Volume 126, Number 5, November 2010

bin saturation may normally remain in
the 70% to 80% range for several minutes following birth, thus resulting in
the appearance of cyanosis during
that time. Other studies have shown
that clinical assessment of skin color
is a very poor indicator of oxyhemoglobin saturation during the immediate
neonatal period and that lack of cyanosis appears to be a very poor indicator
of the state of oxygenation of an uncompromised baby following birth.
Optimal management of oxygen during
neonatal resuscitation becomes particularly important because of the evidence that either insufﬁcient or excessive oxygenation can be harmful to the
newborn infant. Hypoxia and ischemia
are known to result in injury to multiple organs. Conversely there is growing experimental evidence, as well as
evidence from studies of babies receiving resuscitation, that adverse outcomes may result from even brief exposure to excessive oxygen during and
following resuscitation.
Pulse Oximetry
Numerous studies have deﬁned the
percentiles of oxygen saturation as a
function of time from birth in uncompromised babies born at term (see
table in Figure). This includes saturations measured from both preductal
and postductal sites, following both
operative and vaginal deliveries, and
those occurring at sea level and at
altitude.35– 40
Newer pulse oximeters, which employ
probes designed speciﬁcally for neonates, have been shown to provide reliable readings within 1 to 2 minutes
following birth.41– 43 These oximeters
are reliable in the large majority of
newborns, both term and preterm, and
requiring resuscitation or not, as long
as there is sufﬁcient cardiac output
and skin blood ﬂow for the oximeter to
detect a pulse. It is recommended that
oximetry be used when resuscitation

can be anticipated,2 when positive
pressure is administered for more
than a few breaths, when cyanosis is
persistent, or when supplementary oxygen is administered (Class I, LOE B).
To appropriately compare oxygen saturations to similar published data, the
probe should be attached to a preductal location (ie, the right upper extremity, usually the wrist or medial surface
of the palm).43 There is some evidence
that attaching the probe to the baby
before connecting the probe to the instrument facilitates the most rapid acquisition of signal (Class IIb, LOE C).42
Administration of
Supplementary Oxygen
Two meta-analyses of several randomized controlled trials comparing neonatal resuscitation initiated with room
air versus 100% oxygen showed increased survival when resuscitation
was initiated with air.44,45 There are no
studies in term infants comparing outcomes when resuscitations are initiated with different concentrations of
oxygen other than 100% or room air.
One study in preterm infants showed
that initiation of resuscitation with a
blend of oxygen and air resulted in less
hypoxemia or hyperoxemia, as deﬁned
by the investigators, than when resuscitation was initiated with either air
or 100% oxygen followed by titration
with an adjustable blend of air and
oxygen.46
In the absence of studies comparing
outcomes of neonatal resuscitation
initiated with other oxygen concentrations or targeted at various oxyhemoglobin saturations, it is recommended
that the goal in babies being resuscitated at birth, whether born at term or
preterm, should be an oxygen saturation value in the interquartile range of
preductal saturations (see table in Figure) measured in healthy term babies
following vaginal birth at sea level
(Class IIb, LOE B). These targets may be
e1403

achieved by initiating resuscitation
with air or a blended oxygen and titrating the oxygen concentration to
achieve an SpO2 in the target range as
described above using pulse oximetry
(Class IIb, LOE C). If blended oxygen is
not available, resuscitation should be
initiated with air (Class IIb, LOE B). If
the baby is bradycardic (HR ⬍60 per
minute) after 90 seconds of resuscitation with a lower concentration of oxygen, oxygen concentration should be
increased to 100% until recovery of a
normal heart rate (Class IIb, LOE B).
Positive-Pressure Ventilation (PPV)
If the infant remains apneic or gasping, or if the heart rate remains ⬍100
per minute after administering the initial steps, start PPV.
Initial Breaths and
Assisted Ventilation
Initial inﬂations following birth, either
spontaneous or assisted, create a functional residual capacity (FRC).47–50 The
optimal pressure, inﬂation time, and
ﬂow rate required to establish an effective FRC when PPV is administered during resuscitation have not been determined. Evidence from animal studies
indicates that preterm lungs are easily
injured by large-volume inﬂations immediately after birth.51,52 Assisted ventilation rates of 40 to 60 breaths per minute
are commonly used, but the relative efﬁcacy of various rates has not been
investigated.
The primary measure of adequate initial ventilation is prompt improvement
in heart rate.53 Chest wall movement
should be assessed if heart rate does
not improve. The initial peak inﬂating
pressures needed are variable and unpredictable and should be individualized to achieve an increase in heart
rate or movement of the chest with
each breath. Inﬂation pressure should
be monitored; an initial inﬂation pressure of 20 cm H2O may be effective, but
ⱖ30 to 40 cm H2O may be required in
e1404
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some term babies without spontaneous ventilation (Class IIb, LOE C).48,50,54 If
circumstances preclude the use of
pressure monitoring, the minimal inﬂation required to achieve an increase
in heart rate should be used. There is
insufﬁcient evidence to recommend an
optimum inﬂation time. In summary,
assisted ventilation should be delivered at a rate of 40 to 60 breaths per
minute to promptly achieve or maintain a heart rate ⬎100 per minute
(Class IIb, LOE C).
The use of colorimetric CO2 detectors
during mask ventilation of small numbers of preterm infants in the intensive
care unit and in the delivery room has
been reported, and such detectors may
help to identify airway obstruction.55,56
However, it is unclear whether the use
of CO2 detectors during mask ventilation confers additional beneﬁt above
clinical assessment alone (Class IIb,
LOE C).
End-Expiratory Pressure
Many experts recommend administration of continuous positive airway
pressure (CPAP) to infants who are
breathing spontaneously, but with difﬁculty, following birth, although its
use has been studied only in infants
born preterm. A multicenter randomized clinical trial of newborns at 25 to
28 weeks gestation with signs of respiratory distress showed no signiﬁcant
difference in the outcomes of death or
oxygen requirement at 36 weeks postmenstrual age between infants started
on CPAP versus those intubated and
placed on mechanical ventilation in the
delivery room. Starting infants on
CPAP reduced the rates of intubation
and mechanical ventilation, surfactant
use, and duration of ventilation, but increased the rate of pneumothorax.57
Spontaneously breathing preterm infants who have respiratory distress
may be supported with CPAP or with
intubation and mechanical ventilation
(Class IIb, LOE B). The most appropriate

choice may be guided by local expertise and preferences. There is no evidence to support or refute the use of
CPAP in the delivery room in the term
baby with respiratory distress.
Although positive end– expiratory pressure (PEEP) has been shown to be beneﬁcial and its use is routine during mechanical ventilation of neonates in
intensive care units, there have been
no studies speciﬁcally examining PEEP
versus no PEEP when PPV is used during establishment of an FRC following
birth. Nevertheless, PEEP is likely to be
beneﬁcial and should be used if suitable equipment is available (Class IIb,
LOE C). PEEP can easily be given with a
ﬂow-inﬂating bag or T-piece resuscitator, but it cannot be given with a selfinﬂating bag unless an optional PEEP
valve is used. There is, however, some
evidence that such valves often deliver
inconsistent end-expiratory pressures.58,59

ASSISTED-VENTILATION DEVICES
Effective ventilation can be achieved
with either a ﬂow-inﬂating or selfinﬂating bag or with a T-piece mechanical device designed to regulate pressure.60 – 63 The pop-off valves of selfinﬂating bags are dependent on the
ﬂow rate of incoming gas, and pressures generated may exceed the value
speciﬁed by the manufacturer. Target
inﬂation pressures and long inspiratory times are more consistently
achieved in mechanical models when
T-piece devices are used rather than
bags,60,61 although the clinical implications of these ﬁndings are not clear
(Class IIb, LOE C). It is likely that inﬂation pressures will need to change as
compliance improves following birth,
but the relationship of pressures to delivered volume and the optimal volume
to deliver with each breath as FRC is
being established have not been studied. Resuscitators are insensitive to
changes in lung compliance, regardless of the device being used (Class IIb,
LOE C).64
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Laryngeal Mask Airways
Laryngeal mask airways that ﬁt over
the laryngeal inlet have been shown to
be effective for ventilating newborns
weighing more than 2000 g or delivered ⱖ34 weeks gestation (Class IIb,
LOE B65– 67). There are limited data on
the use of these devices in small preterm infants, ie, ⬍ 2000 g or ⬍34
weeks (Class IIb, LOE C65– 67). A laryngeal mask should be considered during resuscitation if facemask ventilation is unsuccessful and tracheal
intubation is unsuccessful or not feasible (Class IIa, LOE B). The laryngeal
mask has not been evaluated in cases
of meconium-stained ﬂuid, during
chest compressions, or for administration of emergency intratracheal
medications.
Endotracheal Tube Placement
Endotracheal intubation may be indicated at several points during neonatal resuscitation:
● Initial endotracheal suctioning of non-

vigorous meconium-stained newborns
● If bag-mask ventilation is ineffective

or prolonged
● When

chest compressions are
performed

● For special resuscitation circum-

stances, such as congenital diaphragmatic hernia or extremely low
birth weight
The timing of endotracheal intubation
may also depend on the skill and experience of the available providers.
After endotracheal intubation and administration of intermittent positive
pressure, a prompt increase in heart
rate is the best indicator that the tube
is in the tracheobronchial tree and
providing effective ventilation.53 Exhaled CO2 detection is effective for conﬁrmation of endotracheal tube placement in infants, including very lowbirth-weight infants (Class IIa, LOE B68–71).
A positive test result (detection of exhaled CO2) in patients with adequate carPEDIATRICS Volume 126, Number 5, November 2010

diac output conﬁrms placement of the
endotracheal tube within the trachea,
whereas a negative test result (ie, no CO2
detected) strongly suggests esophageal
intubation.68 –72 Exhaled CO2 detection is
the recommended method of conﬁrmation of endotracheal tube placement (Class IIa, LOE B). However, it
should be noted that poor or absent
pulmonary blood ﬂow may give falsenegative results (ie, no CO2 detected
despite tube placement in the trachea). A false-negative result may thus
lead to unnecessary extubation and reintubation of critically ill infants with
poor cardiac output.
Other clinical indicators of correct endotracheal tube placement are condensation in the endotracheal tube,
chest movement, and presence of
equal breath sounds bilaterally, but
these indicators have not been systematically evaluated in neonates (Class
11b, LOE C).
Chest Compressions
Chest compressions are indicated for
a heart rate that is ⬍60 per minute
despite adequate ventilation with supplementary oxygen for 30 seconds. Because ventilation is the most effective
action in neonatal resuscitation and
because chest compressions are likely
to compete with effective ventilation,
rescuers should ensure that assisted
ventilation is being delivered optimally
before starting chest compressions.
Compressions should be delivered on
the lower third of the sternum to a
depth of approximately one third of the
anterior-posterior diameter of the
chest (Class IIb, LOE C73–75). Two techniques have been described: compression with 2 thumbs with ﬁngers encircling the chest and supporting the
back (the 2 thumb– encircling hands
technique) or compression with 2 ﬁngers with a second hand supporting
the back. Because the 2 thumb– encircling hands technique may generate

higher peak systolic and coronary
perfusion pressure than the 2-ﬁnger
technique,76 – 80 the 2 thumb– encircling
hands technique is recommended for
performing chest compressions in
newly born infants (Class IIb, LOE C).
The 2-ﬁnger technique may be preferable when access to the umbilicus is
required during insertion of an umbilical catheter, although it is possible
to administer the 2 thumb– encircling
hands technique in intubated infants
with the rescuer standing at the baby’s
head, thus permitting adequate access
to the umbilicus (Class IIb, LOE C).
Compressions and ventilations should
be coordinated to avoid simultaneous
delivery.81 The chest should be permitted to reexpand fully during relaxation, but the rescuer’s thumbs should
not leave the chest (Class IIb, LOE C).
There should be a 3:1 ratio of compressions to ventilations with 90 compressions and 30 breaths to achieve
approximately 120 events per minute
to maximize ventilation at an achievable rate. Thus each event will be allotted approximately 1/2 second, with
exhalation occurring during the ﬁrst
compression after each ventilation
(Class IIb, LOE C).
There is evidence from animals and
non-neonatal studies that sustained
compressions or a compression ratio
of 15:2 or even 30:2 may be more effective when the arrest is of primary cardiac etiology. One study in children
suggests that CPR with rescue breathing is preferable to chest compressions alone when the arrest is of noncardiac etiology.82 It is recommended
that a 3:1 compression to ventilation
ratio be used for neonatal resuscitation where compromise of ventilation
is nearly always the primary cause, but
rescuers should consider using higher
ratios (eg, 15:2) if the arrest is believed
to be of cardiac origin (Class IIb, LOE C).
Respirations, heart rate, and oxygenation should be reassessed periodically,
e1405

and coordinated chest compressions
and ventilations should continue until
the spontaneous heart rate is ⱖ60 per
minute (Class IIb, LOE C). However, frequent interruptions of compressions
should be avoided, as they will compromise artiﬁcial maintenance of systemic perfusion and maintenance of
coronary blood ﬂow (Class IIb, LOE C).

MEDICATIONS
Drugs are rarely indicated in resuscitation of the newly born infant. Bradycardia in the newborn infant is usually
the result of inadequate lung inﬂation
or profound hypoxemia, and establishing adequate ventilation is the most
important step toward correcting it.
However, if the heart rate remains
⬍60 per minute despite adequate ventilation (usually with endotracheal intubation) with 100% oxygen and chest
compressions, administration of epinephrine or volume expansion, or both,
may be indicated. Rarely, buffers, a
narcotic antagonist, or vasopressors
may be useful after resuscitation, but
these are not recommended in the delivery room.
Rate and Dose of
Epinephrine Administration
Epinephrine is recommended to be administered intravenously (Class IIb,
LOE C). Past guidelines recommended
that initial doses of epinephrine be
given through an endotracheal tube
because the dose can be administered
more quickly than when an intravenous route must be established.
However, animal studies that showed a
positive effect of endotracheal epinephrine used considerably higher
doses than are currently recommended,83,84 and the one animal study that
used currently recommended doses
via endotracheal tube showed no effect.85 Given the lack of supportive
data for endotracheal epinephrine, the
IV route should be used as soon as
e1406
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venous access is established (Class
IIb, LOE C).
The recommended IV dose is 0.01 to
0.03 mg/kg per dose. Higher IV doses
are not recommended because animal86,87 and pediatric88,89 studies show
exaggerated hypertension, decreased
myocardial function, and worse neurological function after administration of
IV doses in the range of 0.1 mg/kg. If
the endotracheal route is used, doses
of 0.01 or 0.03 mg/kg will likely be ineffective. Therefore, IV administration of
0.01 to 0.03 mg/kg per dose is the preferred route. While access is being obtained, administration of a higher dose
(0.05 to 0.1 mg/kg) through the endotracheal tube may be considered, but
the safety and efﬁcacy of this practice have not been evaluated (Class IIb,
LOE C). The concentration of epinephrine for either route should be 1:10,000
(0.1 mg/mL).

VOLUME EXPANSION
Volume expansion should be considered when blood loss is known or suspected (pale skin, poor perfusion, weak
pulse) and the baby’s heart rate has
not responded adequately to other resuscitative measures (Class IIb, LOE C).90
An isotonic crystalloid solution or
blood is recommended for volume expansion in the delivery room (Class IIb,
LOE C). The recommended dose is 10
mL/kg, which may need to be repeated.
When resuscitating premature infants,
care should be taken to avoid giving
volume expanders rapidly, because
rapid infusions of large volumes have
been associated with intraventricular
hemorrhage (Class IIb, LOE C).
POSTRESUSCITATION CARE
Babies who require resuscitation are
at risk for deterioration after their vital signs have returned to normal.
Once adequate ventilation and circulation have been established, the infant
should be maintained in, or transferred to an environment where close

monitoring and anticipatory care can
be provided.
Naloxone
Administration of naloxone is not recommended as part of initial resuscitative efforts in the delivery room for
newborns with respiratory depression.
Heart rate and oxygenation should be
restored by supporting ventilation.
Glucose
Newborns with lower blood glucose
levels are at increased risk for brain
injury and adverse outcomes after a
hypoxic-ischemic insult, although no
speciﬁc glucose level associated with
worse outcome has been identiﬁed.91,92
Increased glucose levels after hypoxia
or ischemia were not associated with
adverse effects in a recent pediatric
series93 or in animal studies,94 and they
may be protective.95 However, there
are no randomized controlled trials
that examine this question. Due to the
paucity of data, no speciﬁc target glucose concentration range can be identiﬁed at present. Intravenous glucose
infusion should be considered as soon
as practical after resuscitation, with
the goal of avoiding hypoglycemia
(Class IIb, LOE C).
Induced Therapeutic Hypothermia
Several randomized controlled multicenter trials of induced hypothermia
(33.5°C to 34.5°C) of newborns ⱖ36
weeks gestational age, with moderate
to severe hypoxic-ischemic encephalopathy as deﬁned by strict criteria,
showed that those babies who were
cooled had signiﬁcantly lower mortality and less neurodevelopmental disability at 18-month follow-up than babies who were not cooled.96 –98 The
randomized trials produced similar
results using different methods of
cooling (selective head versus systemic).96 –100 It is recommended that infants
born at ⱖ36 weeks gestation with
evolving moderate to severe hypoxicischemic encephalopathy should be
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offered therapeutic hypothermia. The
treatment should be implemented according to the studied protocols, which
currently include commencement within
6 hours following birth, continuation for
72 hours, and slow rewarming over at
least 4 hours. Therapeutic hypothermia
should be administered under clearly
deﬁned protocols similar to those used
in published clinical trials and in facilities with the capabilities for multidisciplinary care and longitudinal follow-up
(Class IIa, LOE A). Studies suggest that
there may be some associated adverse
effects, such as thrombocytopenia and
increased need for inotropic support.

functional survival is highly unlikely.103
The following guidelines must be interpreted according to current regional
outcomes:

GUIDELINES FOR WITHHOLDING
AND DISCONTINUING
RESUSCITATION
For neonates at the margins of viability
or those with conditions which predict
a high risk of mortality or morbidity,
attitudes and practice vary according
to region and availability of resources.
Studies indicate that parents desire a
larger role in decisions to initiate resuscitation and continue life support
of severely compromised newborns.
Opinions among neonatal providers
vary widely regarding the beneﬁts and
disadvantages of aggressive therapies
in such newborns.

● In conditions associated with a high

Withholding Resuscitation
It is possible to identify conditions associated with high mortality and poor
outcome in which withholding resuscitative efforts may be considered reasonable, particularly when there has
been the opportunity for parental
agreement (Class IIb, LOE C101,102).

Assessment of morbidity and mortality
risks should take into consideration
available data, and may be augmented
by use of published tools based on
data from speciﬁc populations. Decisions should also take into account
changes in medical practice that may
occur over time.

A consistent and coordinated approach to individual cases by the obstetric and neonatal teams and the
parents is an important goal. Noninitiation of resuscitation and discontinuation of life-sustaining treatment during or after resuscitation are ethically
equivalent, and clinicians should not
hesitate to withdraw support when

Mortality and morbidity data by gestational age compiled from data collected by perinatal centers in the US
and several other countries may be
found on the Neonatal Resuscitation
Program (NRP) website (www.aap.
org/nrp). A link to a computerized tool
to estimate mortality and morbidity
from a population of extremely low-
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● When gestation, birth weight, or

congenital anomalies are associated with almost certain early death
and when unacceptably high morbidity is likely among the rare survivors, resuscitation is not indicated.
Examples include extreme prematurity (gestational age ⬍23 weeks or
birth weight ⬍400 g), anencephaly,
and some major chromosomal abnormalities, such as trisomy 13
(Class IIb, LOE C).
rate of survival and acceptable morbidity, resuscitation is nearly always indicated. This will generally
include babies with gestational age
ⱖ25 weeks and those with most
congenital malformations (Class IIb,
LOE C).
● In conditions associated with uncer-

tain prognosis in which survival is
borderline, the morbidity rate is relatively high, and the anticipated
burden to the child is high, parental
desires concerning initiation of resuscitation should be supported
(Class IIb, LOE C).

birth-weight babies born in a network
of regional perinatal centers may be
found at that site. However, unless conception occurred via in vitro fertilization, techniques used for obstetric dating are accurate to only ⫾3 to 4 days if
applied in the ﬁrst trimester and to
only ⫾1 to 2 weeks subsequently. Estimates of fetal weight are accurate to
only ⫾15% to 20%. Even small discrepancies of 1 or 2 weeks between estimated and actual gestational age or a
100- to 200-g difference in birth weight
may have implications for survival and
long-term morbidity. Also, fetal weight
can be misleading if there has been
intrauterine growth restriction, and
outcomes may be less predictable.
These uncertainties underscore the
importance of not making ﬁrm commitments about withholding or providing resuscitation until you have the opportunity to examine the baby after
birth.
Discontinuing Resuscitative Efforts
In a newly born baby with no detectable heart rate, it is appropriate to
consider stopping resuscitation if the
heart rate remains undetectable for 10
minutes (Class IIb, LOE C104 –106). The decision to continue resuscitation efforts
beyond 10 minutes with no heart rate
should take into consideration factors
such as the presumed etiology of the
arrest, the gestation of the baby, the
presence or absence of complications,
the potential role of therapeutic hypothermia, and the parents’ previously
expressed feelings about acceptable
risk of morbidity.

STRUCTURE OF EDUCATIONAL
PROGRAMS TO TEACH
NEONATAL RESUSCITATION
Studies have demonstrated that use of
simulation-based learning methodologies enhances performance in both
real-life clinical situations and simulated resuscitations,107–110 although a
few studies have found no differences
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when compared to standard or other
nonsimulated training.111,112 Also, studies examining brieﬁngs or debrieﬁngs
of resuscitation team performance
have generally shown improved knowledge or skills.113–118 Interpretation of

data is complicated by the heterogeneity and limitations of the studies,
including a paucity of data about
clinical outcomes. Based on available
evidence, it is recommended that the
AAP/AHA Neonatal Resuscitation Pro-

gram adopt simulation, brieﬁng, and
debrieﬁng techniques in designing an
education program for the acquisition
and maintenance of the skills necessary for effective neonatal resuscitation (Class IIb, LOE C).
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