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Neonatal respiratory care practices have changed with breathtaking speed in the past few years. It
is critical for the respiratory therapist and others caring for neonates to be up to date with current
recommendations and evolving care practices. The purpose of this article is to review papers of
particular note that were published in 2015 and address important aspects of newborn respiratory
care. Key words: neonatal respiratory care, Apgar score, inhaled nitric oxide, surfactant, resuscitation,
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Introduction

Many practitioners of neonatal care may remember,
not so very long ago, when all babies received 100%
oxygen at birth, when all infants with meconium-stained
fluid were intubated and suctioned, when all preterm
infants were intubated at birth and given surfactant,

when initial CPAP in the delivery room was rarely
used, and when all mechanical ventilation for the neo-
nate was pressure-controlled and not volume-targeted.
Neonatal respiratory care is changing rapidly, based on
new clinical trials and better understanding of physiol-
ogy. This paper highlights important current changes
and some developments on the horizon in respiratory
care of the neonate.

American Heart Association 2015 Consensus on
Neonatal Resuscitation

The following are major changes that will affect new-
born resuscitation. The full text of these and other changes,
as well as a summary of the evidence, is available through
the American Heart Association (AHA) and published in
Circulation,1,2 and has been reprinted in several other jour-
nals.
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Assessment of Heart Rate

Practitioners should be aware that palpation of the um-
bilical cord as well as auscultation are often inaccurate and
underestimate the heart rate. The most accurate measure-
ment of heart rate appears to be by electrocardiography.
This does not replace the need for pulse oximetry to assess
oxygenation.

Delayed Cord Clamping

Delayed cord clamping for �30 s is reasonable for in-
fants, both term and preterm, who do not require imme-
diate resuscitation at birth. An alternative approach, rou-
tine milking of the cord, is not recommended for infants
�29 weeks gestation due to lack of evidence at this time.
Given that delayed cord clamping may provide benefits
for the newborn and is now suggested for preterm infants
not requiring immediate resuscitation, delivery services
should develop protocols for this intervention and should
utilize a multidisciplinary approach.

Temperature Control

Admission temperature of nonasphyxiated infants
strongly predicts mortality, and hypothermia is still a prob-
lem in many cases. Preterm infants are at especially high
risk of morbidity and mortality. The AHA strongly rec-
ommends maintenance of infant temperature between 36.5
and 37.5°C.

There are many ways to improve infant temperature
control, including increased room temperature, plastic
wraps, caps, and thermal mattresses. For respiratory sup-
port, however, one thing that can be done is the use of
warmed, humidified gas in the delivery room. The AHA
mentions this in the current guidelines as an intervention
that is effective in reducing hypothermia. Articles by
te Pas et al3 and Meyer et al4 provide data to support this
recommendation.

Respiratory Management

Oxygen Administration. The AHA now recommends
that for preterm infants of �35 weeks gestation, resusci-
tation be initiated with oxygen of 21–30%. Oxygen level
can then be titrated as needed. Starting resuscitation with
a high level of oxygen is not recommended, because there
is no benefit. Unnecessary exposure to high levels of ox-
ygen may be detrimental in both term and preterm infants.

Use of CPAP. Nasal CPAP rather than immediate intu-
bation is now recommended for preterm infants who are
breathing spontaneously. Practitioners need to remember
that a self-inflating bag cannot deliver CPAP, and reliable

end-expiratory pressure may not be achieved even with a
PEEP valve. A policy statement on the use of CPAP has
recently been issued by the American Academy of Pedi-
atrics (AAP) Committee on Fetus and Newborn.5

Since the AAP and the AHA now recommend early use
of CPAP, it is my recommendation that all hospitals where
deliveries may occur provide a mechanism for nasal CPAP
administration.

Sustained Inflations. Sustained inflations have been ad-
vocated to establish functional residual capacity in preterm
infants. Several trials have evaluated the use of sustained
inflation, but length of inflations and peak inspiratory pres-
sures employed vary widely among studies. The AHA
does not recommend a sustained inflation of �5 s, but
shorter sustained inflations may be considered in individ-
ual circumstances. Readers may wish to review the meta-
analysis of the randomized trials done to date.6 This meta-
analysis found that preterm infants treated with sustained
inflation required less mechanical ventilation but concluded
that further study is needed.

Laryngeal Mask. For infants of �34 weeks gestation, a
laryngeal mask airway is an alternative to intubation. If
intubation is not feasible or is unsuccessful, use of a la-
ryngeal mask airway can be lifesaving and is recommended
by the AHA. In my opinion, any institution where deliv-
eries may occur should have laryngeal masks in the de-
livery room, and their proper use should be regularly re-
viewed.

Intubation and Tracheal Suctioning in Nonvigorous In-
fants Born Through Meconium. This is perhaps the
biggest change in the Neonatal Resuscitation Program
(NRP) recommendations. For years, we have intubated
and suctioned infants born with meconium-stained amni-
otic fluid. In the past, all such babies were intubated; in
more recent times, only depressed, nonvigorous infants
were intubated and suctioned. Given the total lack of data
on the effectiveness of this intervention plus the potential
harm of repeated attempts at intubation and possible con-
tinued bradycardia and hypoxia, this recommendation has
been dropped.

Practitioners must remember that the mouth and nose
should still be suctioned as with any resuscitation and that
intubation may be appropriate in some circumstances, such
as possible plug in the airway. Intubation should be done
when appropriate as with any other newborn resuscitation.

Discontinuing or Not Initiating Care

Preterm Infants of <25 Weeks Gestation. This re-
mains a difficult area, with no major changes from the last
guideline. However, it is important to point out that not
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initiating care and discontinuing care are ethically equiv-
alent; once initiated, care can be withdrawn. Region-spe-
cific guidelines and parental involvement are both very
important.

Apgar Score of 0 for 10 Minutes. Resuscitation of an
infant with no detectable heart rate can sometimes con-
tinue for very long periods. An Apgar score of 0 at 10 min
strongly predicts death or very poor outcome. The AHA
suggests it is reasonable to stop resuscitation at this point.
However, it is important to individualize this decision based
on available information, such as timing of the insult if
known, adequacy of the resuscitation efforts, and family
wishes.

Apgar Score

This past year, the AAP published an interesting and
informative policy statement on the Apgar score, in-
cluding a recommendation on use of an expanded Apgar
score.7

The Apgar score has often been used inappropriately.
Clearly, it is not useful to determine the need for resusci-
tation, because resuscitation must be initiated immediately,
during the first “golden minute” of life and before assign-
ment of the 1-min Apgar score. The outcome of a partic-
ular infant cannot be predicted by a 5-min Apgar score,
and most infants with an Apgar score of �5 at 5 min will
develop normally. There is, however, an increased risk of
adverse neurologic outcome, as noted in large population
studies.8–11 A low Apgar score should not be used to di-
agnose asphyxia, because this diagnosis depends on the
documented presence of hypoxia, hypercarbia, and severe
metabolic acidosis. Preterm infants may have low Apgar
scores because of immaturity. An Apgar of 0 at 10 min, as
previously noted, may be useful in deciding whether to
continue resuscitation.

A major problem with the Apgar score is that the score
assigned to an infant who is not requiring active resusci-
tation is not the same as the score assigned to an infant
who may be requiring oxygen, positive-pressure ventila-
tion, or even chest compressions. The AAP and American
Congress of Obstetricians and Gynecologists now recom-
mend the use of an expanded Apgar score, which records
the standard Apgar score but in addition reports any re-
suscitative efforts occurring simultaneously with provision
of the Apgar score at 1, 5, 10, 15, and 20 min.

The authors7 comment that this expanded score may
also be useful for delayed cord clamping, which is now
suggested by the AHA, as noted above. The expanded
Apgar score sheet provides a comment box to record time
of cord clamping or other important events.

Off-Label Use of Inhaled Nitric Oxide

Inhaled nitric oxide (INO) is an important therapy for
term and near-term infants with persistent pulmonary hy-
pertension of the neonate. However, its use in infants at
�34 weeks gestation is off-label and has not been shown
to be effective. In an article published this year by Ells-
worth et al,12 off-label use of INO was shown to be in-
creasing rather than decreasing.

In 2011, the National Institutes of Health released a
consensus statement that discouraged the use of INO in
preterm infants.13 Evidence from most controlled trials as
well as from an individual subject data meta-analysis of
these trials14 shows no benefit in reducing morbidity and
mortality in these subjects. Ellsworth et al12 queried data
from �420,000 subjects and found a 23% increase in use
of INO between 2009 and 2013. The authors estimated
that the cost to United States health care, if these data
apply to all similar infants similarly treated, is about $153
million.

In an accompanying editorial Finer and Evans14 point
out that INO is not benign and may result in adverse
outcomes in infants �1,000 g. Since it is true that some
infants may have persistent pulmonary hypertension of the
neonate even if premature, they recommend limiting INO
use to infants whose pulmonary arterial pressure is at or
above systemic pressure. They stress that trials focusing
on preterm infants with specific conditions associated with
pulmonary hypertension are needed.

Current evidence does not support the use of INO in
preterm infants in most cases. This therapy is extremely
expensive, harmful in some cases, and not helpful in most
other circumstances. Respiratory therapists should estab-
lish guidelines for their units that are consistent with the
current guidelines and recommendations.

Surfactant Administration

Although nasal CPAP is now a cornerstone of respira-
tory distress syndrome early management, surfactant use is
still often needed and can be lifesaving. When and how to
give surfactant is still controversial given the current use
of early nasal CPAP.

Two recent articles in JAMA Pediatrics explore some
current controversies. Isayama et al16 report a review and
meta-analysis of nasal CPAP versus early INSURE (intu-
bate, surfactant, extubate). There were no statistically sig-
nificant differences in any outcomes, although trends were
noted favoring INSURE in chronic lung disease and/or
death, chronic lung disease alone, and air leak.

Kribs et al,17 in the same issue of JAMA Pediatrics,
report a randomized trial of nonintubated versus intubated
surfactant administration. In this multi-center trial con-
ducted in Germany, �200 infants were randomized to
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either conventional intubation and administration of sur-
factant or less invasive surfactant application. During the
less invasive surfactant application, a small catheter was
passed between the vocal cords, and the infant was sup-
ported on nasal CPAP. Surfactant was administered over
about 1–2 min. In this study, infants who received less
invasive surfactant application were less frequently intu-
bated and had fewer pneumothoraces, fewer days of ven-
tilation, and less severe intraventricular hemorrhage. Sur-
vival without severe adverse events was increased in the
group with less invasive surfactant application.

In an editorial accompanying these articles, Dargaville18

points out some of the difficulties in drawing conclusions
about the best timing and method for surfactant adminis-
tration, pending further data. Less invasive surfactant ap-
plication is one of several alternatives to intubation being
currently evaluated, others being surfactant administration
by less invasive application and by aerosol.

Perhaps the best approach at present is the one cur-
rently stated by the AAP: Early nasal CPAP with sub-
sequent surfactant treatment results in lower rates of
bronchopulmonary dysplasia/death than immediate in-
tubation and surfactant. However, if surfactant is needed,
early rescue at �2 h of age will decrease mortality, air
leak, and chronic lung disease. If intubation is needed,
the endotracheal tube should be removed as soon as
possible to minimize lung damage.5,19

Hypo- and Hypercarbia

Hypocarbia, hypercarbia, and wide fluctuations in PCO2

levels have been associated in multiple studies20 –24 with
an increased risk of intraventricular hemorrhage,
periventricular leukomalacia, and poor neurodevelop-
mental outcome. Yet another article published in 2015
found this association. Ambalavanan et al,25 in a sec-
ondary data analysis of the large SUPPORT trial, found
that higher PCO2

was an independent predictor of severe
intraventricular hemorrhage or death, bronchopulmonary
dysplasia or death, and neurodevelopmental impairment
or death.

There is little doubt today that significant variations in
PCO2

are associated with significant adverse outcomes. This
is due to the effect of PCO2

on cerebral blood flow, with
hypocarbia causing cerebral vasoconstriction and hyper-
carbia causing cerebral vasodilation.

Careful attention to PCO2
is of utmost importance in the

critically ill ventilated neonate. Because intermittent arte-
rial or capillary blood gas monitoring is not sufficient to
monitor changes in PCO2

levels, I recommend that all such
infants receive transcutaneous CO2 monitoring to help pre-
vent these severe adverse outcomes.

Automated Control of Oxygen Saturations

Computerized control of various respiratory parameters
is a reality today, with new innovations constantly being
developed. Volume-targeted ventilation is now standard of
care. Automated control of oxygen saturations, although
still proprietary, is moving into the clinical care arena. van
Kaam et al26 randomized 80 preterm infants to saturation
target ranges and then, in random sequence, treated the
infants with manual or automated oxygen control. The
percentage of time in target range was significantly higher
when oxygen control was automated. Hypoxemia was con-
sistently reduced, and the number of manual adjustments
needed was reduced almost 100%. Other recent studies
have reported very similar findings.27

Summary

This review highlights important updates in neonatal
respiratory care reported in 2015. Changes in this arena
are occurring at breakneck speed. New data are over-
turning old ways of thinking and old ways of respiratory
interventions. Things we thought impossible or futuris-
tic a few years ago are now happening or are on the
horizon. Even an artificial placenta is now in animal
trials with plans to move into clinical trials within 2–3
years.28

Now, more than ever, it is crucial to stay abreast of
changes within our field, for without question changes will
happen. It is an exciting time to be involved in the respi-
ratory care of the newborn.
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