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KEY POINTS

� The incidence of bronchopulmonary dysplasia, and the competing outcomes death or
bronchopulmonary dysplasia, is decreased with early initiation of nCPAP.

� The best available evidence supports the premise that efforts to minimize CPAP failure
start in the delivery room.

� Various modes and interfaces to deliver CPAP exist; although there may be considerable
differences in the ability of these various CPAP devices to prevent failure, little data from
RCT exist to support this.
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� Compared with infant flow driver, bubble CPAP may decrease the risk of postextubation
failure in infants less than 30 weeks’ gestation who are ventilated �14 days.

� Available data demonstrate that the INSURE approach is not superior to use of CPAP
without prophylactic surfactant in preventing CPAP failure.

� Sustained lung inflation may increase the rate of CPAP success, but may not decrease the
incidence of BPD if positive pressure ventilation is needed.
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WHY PREVENT CONTINUOUS POSITIVE AIRWAY PRESSURE FAILURE?

The need to identify safe and effective interventions to prevent bronchopulmonary
dysplasia (BPD) has reached a critical point. In the simplest terms, BPD is the most
common morbidity affecting a cohort of patients whose survival is increasing at the
greatest rate. Data collected by the Neonatal Research Network recently on more
than 34,000 infants born at 22 to 28 weeks gestation between 1993 and 2012 demon-
strated significant increases in survival among infants born at 23, 24, and 25 weeks’
gestational age (GA).1 Importantly, these tiny babies are at the highest risk of devel-
oping BPD, with an incidence of 60% to 80%. In this same cohort of patients, it seems
that practice changes over this period did little to improve the incidence of BPD.
An alternative to identifying additional interventions to prevent BPD is improving the

interventions clinicians already make to support the highest risk neonates. More than
85% of the 34,000 infants in the Neonatal Research Network cohort were exposed to
mechanical ventilation during their neonatal intensive care unit (NICU) stay.1 Recent
clinical data continue to support a direct relationship between exposure to mechanical
ventilation and an increased risk of developing BPD.2–6 As the survival of the tiniest
babies increases, it is important to determine if a better modality of invasive mechan-
ical ventilation exists to minimize these exposures and prevent BPD. High-frequency
ventilation does not reduce the incidence of BPD in the smallest, high-risk babies.7

Volume-targeted ventilation still remains promising, but randomized trials remain small
and unconvincing.8 Newer approaches, including neurally adjusted ventilator assist,
have not yet been adequately studied.9 These data may point to the reality that the
developing human lung at 22 to 26 weeks’ gestation is uniquely susceptible to injury
caused by invasive mechanical ventilation. If this is true, reducing the burden of BPD
will come only with limiting the exposure to invasive mechanical ventilation.
Data from randomized controlled trials (RCTs) demonstrate that routine use of contin-

uous positive airway pressure (CPAP) significantly reduces the combined outcome of
BPD(assessedat36weeks’gestation)ordeath inat-riskpreterm infants,withannumber
needed to treat of 17.7.10 Two other similar meta-analyses have been performed, each
including slightly different combinations of trials whose comparison groups go beyond
strictlyCPAPversusprophylacticsurfactant.11,12 Inall of thesemeta-analyses, thesignal
for benefit always points toward CPAP. Unfortunately, the routine use of CPAP does
not provide a larger treatment effect; the numbers needed to treat determined across
these three analyses were 17.7,10 25,11 and 35.12 It is reasonable to ask why the
treatment effect is not larger, and can more be done to enhance the benefit of CPAP.
If CPAP prevents BPD by limiting the exposure to mechanical ventilation, efforts to

prevent CPAP failure would likely lead to increased protective effects. In the preterm
infant at highest risk for developing BPD, CPAP failure is common. Data from three
large RCTs evaluating routine CPAP versus routine intubation show that 45% to
50% of high-risk babies fail CPAP within the first week of life (Table 1). Data from



Table 1
Incidence of CPAP failure in large RCTs evaluating CPAP alone as primary mode of respiratory
support

Trial Year Subjects Enrolled GA ACS, % (Any) CPAP Failure, % (5–7 d)

COIN13 2008 610 25 0/7–28 6/7 94 46

SUPPORT19 2010 1316 24 0/7–27 6/7 >95 51.2

CURPAP20 2010 208 25 0/7–28 6/7 >95 33

Dunn18 2011 648 26 0/7–29 6/7 >98 45.1

Abbreviations: ACS, antenatal corticosteroids; GA, gestational age.
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observational studies and RCT demonstrate that rates of CPAP failure are highest for
the smallest babies, approaching 60% at 25 to 26 weeks’ GA.13–16 These data inform
practice in one of two ways: either efforts to minimize CPAP failure in this group of in-
fants will result in less BPD and improved outcomes; or, despite best efforts, CPAP
failure in this group of patients will remain unacceptably high and the ability to detect
who will fail must be improved to provided supportive therapy (eg, mechanical venti-
lation and/or surfactant) as soon as possible.

HOW TO PREVENT CONTINUOUS POSITIVE AIRWAY PRESSURE FAILURE: EVIDENCE-
BASED INTERVENTIONS, FROM THE DELIVERY ROOM TO THE NEONATAL INTENSIVE
CARE UNIT
Does Receipt of Antenatal Corticosteroids Decrease the Risk of Continuous
Positive Airway Pressure Failure?

Antenatal corticosteroids (ACS) are considered “one of the most important antenatal
therapies available to improve newborn outcomes,” and are now recommended for
threatened delivery at 24 0/7 weeks to 33 6/7.17 It is reasonable to hypothesize that
rates of CPAP failure would be higher among neonates that did not receive ACS.
Among neonates enrolled in RCTs evaluating CPAP versus routine intubation, receipt
of ACS was high (>90%, see Table 1).13,18–20 These data suggest that even with the
benefit of ACS, rates of CPAP failure remain high (w60%). So, the question remains:
in the unfortunate circumstance that a baby at high risk of developing BPD
(23–28 weeks) did not receive the benefit of ACS, should there be a lower threshold
to intervene and provide exogenous surfactant?
Randomized studies performed in the 1980s and 1990s demonstrated that in large

(>28 weeks’ GA) intubated infants with respiratory distress syndrome (RDS), who often
had not received ACS, early and even prophylactic surfactant treatment decreased
mortality and air leak.21,22 It is likely that a protective signal exists for earlier treatment
of RDS in more immature infants 24 to 28 weeks’ GA who did not receive ACS, but an
RCT will never likely provide these answers.
Therefore, we recommend that a trial of CPAP should be attempted for all neonates

born at less than 28 weeks’ GA, but the threshold for intervention (ie, intubation and
exogenous surfactant) should be considered early in the course of RDS if ACS were
not administered. Quality of evidence: low, based on the lack of data in patient popu-
lation of interest (24–28 weeks’ GA). Strength of recommendation: weak, based on the
lack of clear data guiding practice.

Does Routine Use of Sustained Lung Inflation Prevent Continuous Positive Airway
Pressure Failure?

At delivery, term infants provide a sustained pressure (30–35 cm H2O) over a long
inspiratory time (4–5 seconds) to clear lung fluid and establish functional residual
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capacity (FRC).23 Assisting preterm infants in the delivery room by providing positive
pressure at 20 to 25 cm H2O for 5 to 20 seconds via a nasopharyngeal tube or face-
mask has been proposed as a method to establish FRC.23 Smaller RCTs demonstrate
that use of sustained lung inflation (SLI) decreases the need for mechanical ventilation
at 72 hours, without increasing the risk of air leak.24–27 A much larger trial powered to
determine if use of SLI is safe and decreases the incidence of BPD or death in neo-
nates born at 23 to 26 weeks’ GA is ongoing.28

Therefore, we recommend SLI should be considered for all neonates born at less
than 28 weeks’ GA. Quality of evidence: moderate, based on consistent findings
across multiple smaller RCTs. Strength of recommendation: strong recommendation,
based on potential benefit and lack of data demonstrating harm.

Does the Modality of Assisted Ventilation Used in the Delivery (Resuscitation)
Room Affect Continuous Positive Airway Pressure Failure?

Assisted ventilation in the delivery room is provided using one of three devices:
(1) self-inflating bag, (2) flow-inflating bag, and (3) T-piece resuscitator. The theoretic
advantages of the T-piece resuscitator include delivering a consistent end expiratory
pressure while precisely delivering the desired peak inspiratory pressure. Whether use
of the T-piece in the resuscitation suite prevents CPAP failure in the babies at highest
risk of CPAP failure (<26 weeks’ GA) is unknown. However, in babies greater than or
equal to 26 weeks’ GA, use of a T-piece resulted in less intubation in the delivery room
when compared with use of a self-inflating bag. Importantly, use of the T-piece did not
increase the need for chest compressions or air leak.29

Therefore, we recommend that when available, a T-piece resuscitator should be
used to resuscitate neonates born at less than 28 weeks’ GA. Quality of evidence:
low, based on the lack of data in the population of interest (24–28 weeks’ GA). Strength
of recommendation: weak, based on the lack of clear data guiding practice balanced
by the absence of evidence of harm.

Does Intubation, Surfactant, Extubation Improve Continuous Positive Airway
Pressure Success?

Isayama and colleagues30 recently published a systematic analysis comparing the
intubation, surfactant, extubation (INSURE) approach with nasal CPAP. There were
no statistically significant differences between the nasal CPAP and INSURE groups.
However, the relative risks seemed to favor the INSURE group with a nonsignificant
(12%) reduction in chronic lung disease and/or death (moderate-quality evidence), a
14% decrease in chronic lung disease (moderate-quality evidence), and a 50%
decrease in air-leak (very-low-quality evidence).
We recommend that nasal CPAP should be offered to all preterm neonates with

RDS; however, there is no benefit to routine surfactant administration followed by rapid
extubation (INSURE) unless the likelihood of CPAP failure is very high. When the likeli-
hood of CPAP failure is greatly increased, surfactant should be administered followed
by rapid extubation. Quality of evidence: moderate. Strength of recommendation for
using CPAP without prophylactic surfactant: strong.
Recently, there has been renewed interest in the INSURE approach using surfactant

administration through a thin plastic catheter (minimally [or less] invasive surfactant
therapy and less invasive surfactant administration [LISA]) (Table 2). Isayama and col-
leagues31 recently published a meta-analysis comparing seven ventilation strategies
(including LISA and INSURE). The primary outcome was death or BPD at 36 weeks’
postmenstrual age. Compared with all other ventilatory strategies, LISA had the lowest
risk of the primary outcome. However, this outcome was not robust for death when



Table 2
Need for CMV and incidence of BPD in preterm infants with RDS treated with INSURE
approach using surfactant administration through a thin plastic catheter versus ETT

Study
N (Gestation,
wk)

Need for CMV, %
Catheter vs ETT

Incidence of BPD
Catheter vs ETT, %

Entry Criteria
for Catheter

Gopel
et al,80 2015

2206 (26–28) 41 vs 62 (P<.001) 12 vs 18 (P 5 .001) Cohort study
not specified

Kanmaz
et al,81 2013

200 (<32) 40 vs 49 (P 5 NS) 10.3 vs 20.2
Moderate-severe

(P 5 .009)

FIO2 >0.4 and
CPAP

Gopel
et al,82 2011

220 (26–28) 33 vs 73 (P<.0001) 8 vs 13 (P 5 .268) FIO2 >0.3 and
CPAP

Kribs
et al,83 2015

211
(23–26.8)

74.8 vs 99 (P<.001) 67.3 vs 58.7
Survival without

BPD (P 5 NS)

FIO2 >0.3 and
CPAP in
first 2 h

Mohammadizadeh
et al,84 2015

38 (<34) 15.8 vs 10.5
(P 5 NS)

P 5 NS CPAP and need
for surfactant

Bao et al,85 2015 90 (27–32) 17.0 vs 23.3
(P 5 NS)

P 5 NS FIO2 5 0.30–0.35
and CPAP

Mirnia
et al,86 2013

136 (27–32) 19 vs 22 (P 5 NS) 7.5 vs 7.1 (P 5 NS) FIO2 >0.3 and
CPAP

Abbreviations: CMV, conventional mechanical ventilation; ETT, endotracheal tube; FIO2, fraction of
inspired oxygen; NS, nonsignificant.
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limited to higher quality studies. Rigo and colleagues32 recently published a system-
atic analysis of four trials comparing surfactant administration through a thin plastic
catheter versus INSURE. Compared with INSURE, less invasive surfactant therapy
decreased of death/BPD or CPAP failure.
We do not recommend administration of surfactant using a thin plastic catheter

(LISA). Quality of evidence for LISA: low, given the small number of patients random-
ized to this intervention. Strength of recommendation: strong, based on lack of large
RCTs comparing LISA with other modes of surfactant administration.

Does Bubble Continuous Positive Airway Pressure Improve Rates of Continuous
Positive Airway Pressure Success?

CPAP delivery devices are broadly grouped into continuous-flow and variable-flow
systems. With continuous-flow devices this is achieved by using water-seal bubble
CPAP (Fisher and Paykel Healthcare, Auckland, New Zealand; Babi-Plus, A Plus Med-
ical, Hollister, CA; home-made) systems or via flow opposition, where the patient’s
expiratory flow opposes a constant flow from nasal prongs (conventional ventilator
provided neonatal CPAP). Variable-flow devices that include the infant flow driver
(IFD; infant flow nasal CPAP system, Care Fusion, Yorba Linda, CA), Benveniste gas
jet valve CPAP (Dameca, Copenhagen, Denmark), Aladdin, and Arabella systems
(Hamilton Medical AG, Reno, NV) use flow opposition with fluidic flow reversal during
expiration, where gas is entrained during inspiration to maintain stable pressure and
expiratory flow is diverted via a separate fluidic flip-flop.

Randomized Trials Comparing Continuous Positive Airway Pressure Devices

Randomized controlled trials performed at birth
Mazzella and colleagues33 compared IFD CPAP with bi-nasal prongs and bubble
CPAP through a single nasopharyngeal tube in preterm infants with RDS at less
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than 12 hours of age. They reported a significant beneficial effect on oxygen require-
ment and respiratory rate with IFD CPAP, compared with bubble CPAP, and a trend
toward a decreased need for mechanical ventilation. Tagare and colleagues34

compared the efficacy and safety of bubble CPAP with ventilator-derived CPAP in
preterm neonates with RDS. A higher percentage of infants was successfully treated
with bubble CPAP (83% vs 63%; P 5 .03), suggesting superiority of bubble CPAP.
Mazmanyan and colleagues35 randomized preterm infants to bubble CPAP or IFD
CPAP after stabilization at birth in a resource-poor setting. They reported bubble
CPAP equivalent to IFD CPAP in the total number of days CPAP was required.

Randomized trials of continuous positive airway pressure after extubation
Stefanescu and colleagues36 examined extremely low birth weight infants and
compared IFD CPAP with ventilator-derived CPAP using INCA prongs and found no
difference in the extubation success rate between the two groups. In a subsequent
trial, Gupta and colleagues37 randomized preterm infants 24 to 29 weeks’ gestation
or 600 to 1500 g at birth to receive bubble CPAP or IFD CPAP following the first
attempt at extubation. Infants were stratified according to duration of initial ventilation
(�14 days or >14 days). Although there was no statistically significant difference in the
extubation failure rate (16.9% on bubble CPAP, 27.5% on IFD CPAP) for the entire
study group, the median duration of CPAP support was 50% shorter in the infants
on bubble CPAP, median 2 days (95% confidence interval, 1–3 days) on bubble
CPAP versus 4 days (95% confidence interval, 2–6 days) on IFD CPAP (P 5 0 .03).
In infants ventilated for less than or equal to 14 days, the extubation failure rate was
significantly lower with bubble CPAP (14.1%; 9 of 64) compared with IFD CPAP
(28.6%; 18 of 63) (P 5 .046). This well-designed clinical trial suggests the superiority
of postextubation bubble CPAP over IFD CPAP in preterm babies less than 30 weeks,
who are initially ventilated for less than 14 days.
Therefore, we recommend the use of bubble CPAP over variable-flow CPAP devices

for postextubation respiratory support, especially in infants ventilated for less than or
equal to 2 weeks. Quality of evidence: low, for device preference when used to treat
RDS after birth; moderate, for use of bubble CPAP following postextubation. Strength
of recommendation: weak, based on only a slight difference between continuous- or
variable-flow CPAP devices when used after birth but a trend in favor of bubble
CPAP for postextubation support, especially in infants ventilated for less than 2 weeks.

Does the Interface Used to Deliver Continuous Positive Airway Pressure Affect
Continuous Positive Airway Pressure Failure?

The ideal interface would reliably deliver consistent distending pressure while being
comfortable to the infant and easy to use. Several options are available, including
short binasal prongs, nasopharyngeal prongs, masks, and the RAM cannula. No
adequately powered trial has directly compared all interfaces. Several have examined
nasal mask versus nasal prongs to prevent CPAP failure, with one demonstrating less
CPAP failure in infants less than 31 weeks with the use of nasal mask.38 However,
another found no difference in CPAP failure between mask and binasal prongs.39

The variability in these results may be caused by different definitions of CPAP failure
and difference in maximum noninvasive support provided (CPAP level, noninvasive
positive-pressure ventilation).
RAM cannula has been used to deliver CPAP in neonates.40 It provides positive dis-

tending pressure through longer nasal cannula prongs made from softer material.41

Unfortunately, there are no clinical studies directly comparing RAM with other nasal
interfaces for preventing CPAP failure. However, there are several preclinical studies
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using lung model systems that attempt to determine whether RAM cannula can
reliably deliver mean airway pressure or peak inspiratory pressures. One demon-
strated that when used as recommended with a 60% to 80% nasal occlusion, even
with a closed mouth, the RAM cannula delivered on average 60% less mean airway
pressure to the lungs than the set pressure.42 Another showed RAM cannula resulted
in significantly higher resistance and dramatically lower peak inspiratory pressures to
the lungs than short binasal prongs.43 The direct clinical relevance of these findings is
unknown and deserves further study.
Therefore, we recommend use of either nasal mask or short binasal prongs for early

CPAP administration. We recommend against the use of RAM cannula during the crit-
ical period determining CPAP success. Quality of evidence: low, based on the small
number of patients studied. Strength of recommendation: strong, based on lack of
clinical data directly comparing RAM cannula with CPAP.

Does Prone or Lateral Body Positioning Improve Continuous Positive Airway
Pressure Success?

Prone positioning improves oxygenation in mechanically ventilated neonates,44 infants,
and children with acute respiratory distress.45 Results in neonates on CPAP are con-
flicting, with several demonstrating improvements in oxygenation, respiratory rate,
and end-expiratory lung volume with prone and lateral positioning.46–48 However,
another found no difference in vital signs or oxygen saturations regardless of position.49

None of the studies found evidence of harm or adverse effect associated with prone or
lateral positioning.
We recommend the prone and lateral positions for infants with the goal of increasing

CPAP success. Quality of evidence: low, based on lack of trials evaluating position to
prevent initial CPAP failure. Strength of recommendation: moderate, based on poten-
tial benefit and lack of demonstrated harm.

Does Timing of Caffeine Administration Affect Continuous Positive Airway
Pressure Failure?

Importantly, the Caffeine for Apnea of Prematurity trial demonstrated that caffeine use
was associated with a significant reduction in the duration of mechanical ventilation.50

An enhanced protective effect on BPD and the duration of mechanical ventilation is
observed when caffeine therapy is initiated early (before 2–3 days of life vs later
than 2–3 days of life).51–54 It is possible that these observations may be explained
by later initiation of caffeine in infants with greater illness severity.55 Additional pro-
spective studies are needed to identify ideal timing of caffeine dosing.
Therefore, we recommend that caffeine should be administered to neonates both at

and less than 28 weeks’ GA, and there may be additional benefit of administering
caffeine early in the first 24 to 72 hours of life. Quality of evidence: high, based on
data from RCTs and large observational studies. Strength of recommendation: strong,
based the consistent finding of benefit and the absence of evidence of harm.

WHEN NO EVIDENCE EXISTS, CAN ONE SUPPORT “BEST PRACTICE”?
Does Aggressive Airway Clearance Prevent Continuous Positive Airway Pressure
Failure?

Effective delivery of noninvasive positive distending pressure cannot occur in the pres-
ence of obstructed nasal passages or oropharynx. Little evidence guides practice
regarding how frequently one should preform nasal and oral suctioning. Although
maintaining airway patency is paramount, aggressive suctioning can lead to edema,
trauma, and bleeding, thus exacerbating plugging. In addition to the loss of positive
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distending pressure during suctioning, other more serious complications can occur
including bradycardia, laryngospasm, and arrhythmias. In practice, indications and
frequency of suctioning is variable.56 Instructions on nontraumatic suctioning have
been published.57 Units with long experience in successful application of CPAP in
the most premature infants recommend suctioning every 3 to 4 hours.58

Therefore, we recommend that nasal and oropharyngeal suctioning should be
performed every 3 to 4 hours, and more frequently with signs of obstruction (apnea,
desaturation, acute increase in work of breathing). Attention must be paid to avoiding
excessive suctioning and causing trauma. Quality of evidence: low. Strength of recom-
mendation: strong, based on physiologic benefit and the low likelihood of harm.

Can Quality Improvement Projects Improve Continuous Positive Airway Pressure
Success Rates?

Multiple obstacles stand in the way of implementing early, aggressive, and successful
CPAP in high-risk neonates. It takes time to technically train the multidisciplinary team
(eg, nursing, respiratory therapist, neonatal nurse practitioner.) in correct CPAP appli-
cation, administration, and maintenance. It requires education and consensus of the
attending physicians, trainees at multiple levels, and nurse practitioners who are mak-
ing decisions regarding what defines CPAP failure, and when invasive mechanical
ventilation should be used. Not surprisingly, time and experience with CPAP has
been shown to increase CPAP success and decrease rates of BPD.59

Several groups have implemented quality improvement studies demonstrating
short-term success increasing CPAP use and decreasing rates of intubation.60–63

Some,60,61 but not all,62,63 have decreased unit BPD rates during the study period.
Importantly, sustained practice improvement and decreased rates of BPD have
been demonstrated.64 These findings support that targeted multidisciplinary quality
improvement efforts can help improve CPAP success.
We recommend that any institution dedicated to adopting a strategy of early CPAP

develop a multidisciplinary team to champion this cause, whether it is through a formal
quality improvement project or as an annual unit goal. Quality of evidence: low, based
on small number of studies. Strength of recommendation: strong, based on potential
benefit.

IF BABIES MUST FAIL, CAN ONE PREDICT WHO WILL FAIL, AND INTERVENE EARLY?
Are There Antenatal Characteristics that Reliably Predict Continuous Positive
Airway Pressure Failure?

Studies of antenatal identifiers of CPAP failure report discordant results. Many estab-
lish early GA and lower birth weight as predictive as CPAP failure.16,65,66 Lack of ACS
and male sex have correlated with CPAP failure in some studies.66–68 However, others
have shown aspects of medical history, including GA and birth weight, are not predic-
tive of CPAP failure.15,69

None of these studies identified factors with adequate sensitivity or positive pressure
ventilation in predicting CPAP failure. Thus, we recommend against using antenatal
characteristics to exclude infants from a trial of CPAP. Quality of evidence: moderate,
based on lack of convincing evidence. Strength of recommendation: strong, based on
potential benefit of CPAP success.

Are There any Clinical Variables or Diagnostic Tests that Predict Continuous
Positive Airway Pressure Failure?

Multiple studies have attempted to define clinical features of a neonate’s initial NICU
course that predict CPAP failure. Several groups have shown early higher fraction of
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inspired oxygen (FIO2) correlates with CPAP failure.15,65,69 However, this relationship is
confounded by including FIO2 requirement in the definition of CPAP failure. The same
can be said for the relationship between higher levels of CPAP and ultimate CPAP fail-
ure.69 Importantly, one trial identified that infants who succeeded CPAP were started
earlier (4.3 minutes vs 29 minutes), emphasizing the importance of early FRC establish-
ment.61 Multiple studies have performed sophisticated analyses to identify early clinical
findings that predict CPAP failure (Table 3). Although no clinical variable is foolproof,
thematic links begin to emerge. These studies would suggest that CPAP failure is
more common in the most premature neonates, those with severe RDS on initial chest
radiograph (CXR), and those requiring high levels of supplemental oxygen. Although
none of these associations is surprising, these factors must be in the clinician’s mind
when attempting to determine if a neonate is “failing” CPAP. Other groups have recom-
mended composite scoring and combining variables to help predict CPAP failure, such
as birth weight less than 800 g, male sex, and FIO2 greater than 0.25 at 1 or 2 hours,14

the product of FIO2 and CPAP level being greater than or equal to 1.28,68 or creating a
clinical score with features including GA, lack of antenatal corticosteroids, prolonged
premature rupture of membranes, and the product of FIO2 and CPAP level,68 has
also been considered.

Surfactant activity and/or production tests
A screening test able to identify surfactant deficiency would allow clinicians to target
surfactant administrations to select patients at high risk of CPAP failure secondary to
RDS. Surfactant activity level has been evaluated to predict CPAP failure using the
surfactant adsorption test. The surfactant adsorption test is done on amniotic fluid
and has demonstrated correlation with lamellar body counts and lung ultrasound
scores. In a pilot study, infants failing CPAP have lower surfactant adsorption test
levels than those who succeeded.70

The rapid bedside stable microbubble test evaluates if surfactant is present in
tracheal, gastric, and amniotic fluid samples. This test has been used to stratify infants
into high or low risk for CPAP failure.71–74 Other tests of surfactant production include
Table 3
Clinical predictors of CPAP failure

Study Infants Studied
Clinical Characteristics as
Predictors of CPAP Failure Odds Ratio (95% CI)

Ammari
et al,16 2005

261 infants
�1250 g

Severe RDS on initial CXR 6.42 (2.75–15.0)
PPV at delivery 2.37 (1.02–5.52)
A-a DO2 >180 mm Hg 6.42 (2.75–15.0)

Pillai
et al,68 2011

62 infants
�1500 g

Product of CPAP and FIO2 �1.28 3.9 (1.0–15.5)
PPROM 5.3 (1.2–24.5)
GA <28 wk 6.5 (1.5–28.3)

Dargaville
et al,14 2013

66 infants
25–28 wk GA

FIO2 by 2 h 1.19 (1.06–1.33)
Caesarean delivery 14.77 (1.47–148.55)

Tagliaferro
et al,66 2015

235 infants
�1000 g

GA �26 wk 6.19 (2.79–13.73)
A-a DO2 >180 mm Hg 2.18 (1.06–4.47)
pH �7.27 2.69 (1.27–5.69)
Severe RDS on initial

radiograph
10.81 (3.5–33.3)

Abbreviations: A-a DO2, alveolar-arterial oxygen difference; CI, confidence interval; CXR, chest
radiograph; FIO2, fraction of inspired oxygen; PPROM, prolonged premature rupture of mem-
branes; PPV, positive pressure ventilation.
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the click test, the shake test, and lamellar body counts, but have not been evaluating
ability to predict CPAP failure.75–78

Chest radiographs
Severe RDS on a CXR obtained in the first hours of life has been identified as a pre-
dictive variable for CPAP failure in multiple studies.14,16 A repeat study corroborated
this finding in extremely low birth weight infants, finding that early radiologic evidence
of severe RDSwas a strong predictor of CPAP failure with a positive predictive value of
0.81. However, its utility as a screening tool is somewhat limited because the sensi-
tivity of severe RDS on a CXR to predict CPAP failure was only 32%.66 Because
obtaining CXR is already a common part of clinical practice for these infants, incorpo-
rating a thoughtful interpretation of this modality to clinical decision making seems
feasible and prudent to use it in decision making.

Lung ultrasound
Furthermore, a lung ultrasound score obtained in the first hours of life evaluating
the patterns of aeration in different lung quadrants correlated well with CPAP level
and oxygenation indices, such as alveolar-arterial gradient, oxygenation index,
and arterial to alveolar ratio in infants 27 to 41 weeks.79 Whether this information
can be used to predict CPAP failure is unknown. Several of these diagnostic
tools require further study before recommendation could be made for broad
implementation.
We recommend against using a single antenatal risk factor or clinical finding to pre-

dict CPAP failure and implement surfactant treatment. At this point and pending further
study, predicting CPAP failure depends on an individual’s unique clinical characteris-
tics. Quality of evidence: weak, based on lack of large studies and standardized criteria
for defining CPAP failure. Strength of recommendation: strong, based on current avail-
able information. We also recommend that if an extremely premature neonate
(<26 weeks GA) has a CXR with evidence of severe RDS, they be monitored closely
and considered for early intubation and surfactant administration. Quality of evidence:
moderate, based on support from multiple retrospective trials. Strength of recommen-
dation: strong, based on ease of practice.

SUMMARY

Multiple studies support using CPAP as first-line therapy for many preterm infants
requiring respiratory support. However, rates of CPAP failure remain high among
neonates at highest risk for developing lung injury. Multiple interventions, from the de-
livery room to the NICU, stand to minimize the risk of CPAP failure. Future studies will
determine whether SLI will decrease CPAP failure, and criteria used to predict CPAP
failure require further refinement.

REFERENCES

1. Stoll BJ, Hansen NI, Bell EF, et al. Trends in care practices, morbidity, and
mortality of extremely preterm neonates, 1993-2012. JAMA 2015;314:
1039–51.

2. May C, Patel S, Kennedy C, et al. Prediction of bronchopulmonary dysplasia.
Arch Dis Child Fetal Neonatal Ed 2011;96:F410–6.

3. Ambalavanan N, Walsh M, Bobashev G, et al. Intercenter differences in broncho-
pulmonary dysplasia or death among very low birth weight infants. Pediatrics
2011;127:e106–16.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref1
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref1
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref1
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref2
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref2
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref3
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref3
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref3


Preventing CPAP Failure 11
4. Laughon M, Bose C, Allred EN, et al. Antecedents of chronic lung disease
following three patterns of early respiratory disease in preterm infants. Arch Dis
Child Fetal Neonatal Ed 2011;96:F114–20.

5. Gagliardi L, Bellu R, Lista G, et al. Do differences in delivery room intubation
explain different rates of bronchopulmonary dysplasia between hospitals? Arch
Dis Child Fetal Neonatal Ed 2011;96:F30–5.

6. Ambalavanan N, Van Meurs KP, Perritt R, et al. Predictors of death or bronchopul-
monary dysplasia in preterm infants with respiratory failure. J Perinatol 2008;28:
420–6.

7. Cools F, Offringa M, Askie LM. Elective high frequency oscillatory ventilation
versus conventional ventilation for acute pulmonary dysfunction in preterm in-
fants. Cochrane Database Syst Rev 2015;(3):CD000104.

8. Wheeler KI, Klingenberg C, Morley CJ, et al. Volume-targeted versus pressure-
limited ventilation for preterm infants: a systematic review and meta-analysis.
Neonatology 2011;100:219–27.

9. Stein H, Firestone K. Application of neurally adjusted ventilatory assist in neo-
nates. Semin Fetal Neonatal Med 2014;19:60–9.

10. Wright CJ, Polin RA, Kirpalani H. Continuous positive airway pressure to prevent
neonatal lung injury: how did we get here, and how do we improve? J Pediatr
2016;173:17–24.e2.

11. Schmolzer GM, Kumar M, Pichler G, et al. Non-invasive versus invasive respira-
tory support in preterm infants at birth: systematic review and meta-analysis. BMJ
2013;347:f5980.

12. Fischer HS, Buhrer C. Avoiding endotracheal ventilation to prevent bronchopul-
monary dysplasia: a meta-analysis. Pediatrics 2013;132:e1351–60.

13. Morley CJ, Davis PG, Doyle LW, et al. Nasal CPAP or intubation at birth for very
preterm infants. N Engl J Med 2008;358:700–8.

14. Dargaville PA, Aiyappan A, De Paoli AG, et al. Continuous positive airway pres-
sure failure in preterm infants: incidence, predictors and consequences. Neona-
tology 2013;104:8–14.

15. Fuchs H, Lindner W, Leiprecht A, et al. Predictors of early nasal CPAP failure and
effects of various intubation criteria on the rate of mechanical ventilation in pre-
term infants of <29 weeks gestational age. Arch Dis Child Fetal Neonatal Ed
2011;96:F343–7.

16. Ammari A, Suri M, Milisavljevic V, et al. Variables associated with the early failure
of nasal CPAP in very low birth weight infants. J Pediatr 2005;147:341–7.

17. Committee opinion No. 677 summary: antenatal corticosteroid therapy for fetal
maturation. Obstet Gynecol 2016;128:940–1.

18. Dunn MS, Kaempf J, de Klerk A, et al. Randomized trial comparing 3 approaches
to the initial respiratory management of preterm neonates. Pediatrics 2011;128:
e1069–76.

19. Finer NN, Carlo WA, Walsh MC, et al. Early CPAP versus surfactant in extremely
preterm infants. N Engl J Med 2010;362:1970–9.

20. Sandri F, Plavka R, Ancora G, et al. Prophylactic or early selective surfactant com-
bined with nCPAP in very preterm infants. Pediatrics 2010;125:e1402–9.

21. Seger N, Soll R. Animal derived surfactant extract for treatment of respiratory
distress syndrome. Cochrane Database Syst Rev 2009;(2):CD007836.

22. Rojas-Reyes MX, Morley CJ, Soll R. Prophylactic versus selective use of surfac-
tant in preventing morbidity and mortality in preterm infants. Cochrane Database
Syst Rev 2012;(3):CD000510.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref4
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref4
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref4
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref5
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref5
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref5
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref6
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref6
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref6
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref7
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref7
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref7
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref8
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref8
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref8
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref9
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref9
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref10
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref10
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref10
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref11
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref11
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref11
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref12
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref12
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref13
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref13
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref14
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref14
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref14
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref15
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref15
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref15
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref15
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref16
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref16
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref17
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref17
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref18
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref18
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref18
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref19
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref19
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref20
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref20
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref21
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref21
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref22
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref22
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref22


Wright et al12
23. Lista G, Castoldi F, Cavigioli F, et al. Alveolar recruitment in the delivery room.
J Matern Fetal Neonatal Med 2012;25(Suppl 1):39–40.

24. Lista G, Boni L, Scopesi F, et al. Sustained lung inflation at birth for preterm in-
fants: a randomized clinical trial. Pediatrics 2015;135:e457–64.

25. te Pas AB, Walther FJ. A randomized, controlled trial of delivery-room respiratory
management in very preterm infants. Pediatrics 2007;120:322–9.

26. Lindner W, Hogel J, Pohlandt F. Sustained pressure-controlled inflation or inter-
mittent mandatory ventilation in preterm infants in the delivery room? A random-
ized, controlled trial on initial respiratory support via nasopharyngeal tube. Acta
Paediatr 2005;94:303–9.

27. El-Chimi MS, Awad HA, El-Gammasy TM, et al. Sustained versus intermittent lung
inflation for resuscitation of preterm infants: a randomized controlled trial.
J Matern Fetal Neonatal Med 2017;30(11):1273–8.

28. Foglia EE, Owen LS, Thio M, et al. Sustained Aeration of Infant Lungs (SAIL) trial:
study protocol for a randomized controlled trial. Trials 2015;16:95.

29. Szyld E, Aguilar A, Musante GA, et al. Comparison of devices for newborn venti-
lation in the delivery room. J Pediatr 2014;165:234–9.e3.

30. Isayama T, Chai-Adisaksopha C, McDonald SD. Noninvasive ventilation with vs
without early surfactant to prevent chronic lung disease in preterm infants: a sys-
tematic review and meta-analysis. JAMA Pediatr 2015;169:731–9.

31. Isayama T, Iwami H, McDonald S, et al. Association of noninvasive ventilation
strategies with mortality and bronchopulmonary dysplasia among preterm in-
fants: a systematic review and meta-analysis. JAMA 2016;316:611–24.

32. Rigo V, Lefebvre C, Broux I. Surfactant instillation in spontaneously breathing pre-
term infants: a systematic review and meta-analysis. Eur J Pediatr 2016;175:
1933–42.

33. Mazzella M, Bellini C, Calevo MG, et al. A randomised control study comparing
the infant flow driver with nasal continuous positive airway pressure in preterm in-
fants. Arch Dis Child Fetal Neonatal Ed 2001;85:F86–90.

34. Tagare A, Kadam S, Vaidya U, et al. Bubble CPAP versus ventilator CPAP in pre-
term neonates with early onset respiratory distress: a randomized controlled trial.
J Trop Pediatr 2013;59:113–9.

35. Mazmanyan P, Mellor K, Dore CJ, et al. A randomised controlled trial of flow driver
and bubble continuous positive airway pressure in preterm infants in a resource-
limited setting. Arch Dis Child Fetal Neonatal Ed 2016;101:F16–20.

36. Stefanescu BM, Murphy WP, Hansell BJ, et al. A randomized, controlled trial
comparing two different continuous positive airway pressure systems for the suc-
cessful extubation of extremely low birth weight infants. Pediatrics 2003;112:
1031–8.

37. Gupta S, Sinha SK, Tin W, et al. A randomized controlled trial of post-extubation
bubble continuous positive airway pressure versus infant flow driver continuous
positive airway pressure in preterm infants with respiratory distress syndrome.
J Pediatr 2009;154:645–50.

38. Kieran EA, Twomey AR, Molloy EJ, et al. Randomized trial of prongs or mask for
nasal continuous positive airway pressure in preterm infants. Pediatrics 2012;
130:e1170–6.

39. Goel S, Mondkar J, Panchal H, et al. Nasal mask versus nasal prongs for deliv-
ering nasal continuous positive airway pressure in preterm infants with respiratory
distress: a randomized controlled trial. Indian Pediatr 2015;52:1035–40.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref23
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref23
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref24
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref24
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref25
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref25
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref26
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref26
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref26
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref26
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref27
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref27
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref27
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref28
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref28
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref29
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref29
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref30
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref30
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref30
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref31
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref31
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref31
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref32
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref32
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref32
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref33
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref33
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref33
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref34
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref34
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref34
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref35
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref35
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref35
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref36
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref36
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref36
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref36
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref37
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref37
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref37
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref37
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref38
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref38
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref38
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref39
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref39
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref39


Preventing CPAP Failure 13
40. Nzegwu NI, Mack T, DellaVentura R, et al. Systematic use of the RAM nasal can-
nula in the Yale-New Haven Children’s Hospital neonatal intensive care unit: a
quality improvement project. J Matern Fetal Neonatal Med 2015;28:718–21.

41. Neotech Ram Cannula Sell Sheet. Valencia (CA): Neotech Products LLC; 2017.
Available at: https://www.neotechproducts.com/n17/wp-content/uploads/2017/
07/M555_RevC_RAM_Sell_Sheet.pdf. Accessed May 18, 2017.

42. Gerdes JS, Sivieri EM, Abbasi S. Factors influencing delivered mean airway pres-
sure during nasal CPAP with the RAM cannula. Pediatr Pulmonol 2016;51:60–9.

43. Mukerji A, Belik J. Neonatal nasal intermittent positive pressure ventilation effi-
cacy and lung pressure transmission. J Perinatol 2015;35:716–9.

44. Rivas-Fernandez M, Roque IFM, Diez-Izquierdo A, et al. Infant position in neo-
nates receiving mechanical ventilation. Cochrane Database Syst Rev
2016;(11):CD003668.

45. Gillies D, Wells D, Bhandari AP. Positioning for acute respiratory distress in hos-
pitalised infants and children. Cochrane Database Syst Rev 2012;(7):CD003645.

46. Gouna G, Rakza T, Kuissi E, et al. Positioning effects on lung function and breath-
ing pattern in premature newborns. J Pediatr 2013;162:1133–7, 1137.e1.

47. Maynard V, Bignall S, Kitchen S. Effect of positioning on respiratory synchrony in
non-ventilated pre-term infants. Physiother Res Int 2000;5:96–110.

48. Montgomery K, Choy NL, Steele M, et al. The effectiveness of quarter turn from
prone in maintaining respiratory function in premature infants. J Paediatr Child
Health 2014;50:972–7.

49. Brunherotti MA, Martinez EZ, Martinez FE. Effect of body position on preterm
newborns receiving continuous positive airway pressure. Acta Paediatr 2014;
103:e101–5.

50. Schmidt B, Roberts RS, Davis P, et al. Caffeine therapy for apnea of prematurity.
N Engl J Med 2006;354:2112–21.

51. Lodha A, Seshia M, McMillan DD, et al. Association of early caffeine administra-
tion and neonatal outcomes in very preterm neonates. JAMA Pediatr 2015;169:
33–8.

52. Taha D, Kirkby S, Nawab U, et al. Early caffeine therapy for prevention of bron-
chopulmonary dysplasia in preterm infants. J Matern Fetal Neonatal Med 2014;
27:1698–702.

53. Patel RM, Leong T, Carlton DP, et al. Early caffeine therapy and clinical outcomes
in extremely preterm infants. J Perinatol 2013;33:134–40.

54. Dobson NR, Patel RM, Smith PB, et al. Trends in caffeine use and association be-
tween clinical outcomes and timing of therapy in very low birth weight infants.
J Pediatr 2014;164:992–8.e3.

55. Jensen EA, Foglia EE, Schmidt B. Evidence-based pharmacologic therapies for
prevention of bronchopulmonary dysplasia: application of the grading of recom-
mendations assessment, development, and evaluation methodology. Clin Perina-
tol 2015;42:755–79.

56. Mann B, Sweet M, Knupp AM, et al. Nasal continuous positive airway pressure: a
multisite study of suctioning practices within NICUs. Adv Neonatal Care 2013;13:
E1–9.

57. Waisman D. Non-traumatic nasopharyngeal suction in premature newborn infants
with upper airway obstruction from secretions following nasal CPAP. J Pediatr
2006;149:279.

58. Sahni R, Schiaratura M, Polin RA. Strategies for the prevention of continuous pos-
itive airway pressure failure. Semin Fetal Neonatal Med 2016;21:196–203.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref40
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref40
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref40
https://www.neotechproducts.com/n17/wp-content/uploads/2017/07/M555_RevC_RAM_Sell_Sheet.pdf
https://www.neotechproducts.com/n17/wp-content/uploads/2017/07/M555_RevC_RAM_Sell_Sheet.pdf
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref42
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref42
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref43
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref43
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref44
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref44
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref44
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref45
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref45
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref46
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref46
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref47
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref47
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref48
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref48
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref48
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref49
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref49
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref49
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref50
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref50
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref51
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref51
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref51
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref52
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref52
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref52
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref53
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref53
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref54
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref54
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref54
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref55
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref55
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref55
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref55
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref56
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref56
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref56
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref57
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref57
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref57
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref58
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref58


Wright et al14
59. Aly H, Milner JD, Patel K, et al. Does the experience with the use of nasal contin-
uous positive airway pressure improve over time in extremely low birth weight in-
fants? Pediatrics 2004;114:697–702.

60. Birenbaum HJ, Dentry A, Cirelli J, et al. Reduction in the incidence of chronic lung
disease in very low birth weight infants: results of a quality improvement process
in a tertiary level neonatal intensive care unit. Pediatrics 2009;123:44–50.

61. Levesque BM, Kalish LA, LaPierre J, et al. Impact of implementing 5 potentially
better respiratory practices on neonatal outcomes and costs. Pediatrics 2011;
128:e218–26.

62. Payne NR, Finkelstein MJ, Liu M, et al. NICU practices and outcomes associated
with 9 years of quality improvement collaboratives. Pediatrics 2010;125:437–46.

63. Walsh M, Laptook A, Kazzi SN, et al. A cluster-randomized trial of benchmarking
and multimodal quality improvement to improve rates of survival free of broncho-
pulmonary dysplasia for infants with birth weights of less than 1250 grams. Pedi-
atrics 2007;119:876–90.

64. Birenbaum HJ, Pfoh ER, Helou S, et al. Chronic lung disease in very low birth
weight infants: persistence and improvement of a quality improvement process
in a tertiary level neonatal intensive care unit. J Neonatal Perinatal Med 2016;9:
187–94.

65. De Jaegere AP, van der Lee JH, Cante C, et al. Early prediction of nasal contin-
uous positive airway pressure failure in preterm infants less than 30 weeks gesta-
tion. Acta Paediatr 2012;101:374–9.

66. Tagliaferro T, Bateman D, Ruzal-Shapiro C, et al. Early radiologic evidence of se-
vere respiratory distress syndrome as a predictor of nasal continuous positive
airway pressure failure in extremely low birth weight newborns. J Perinatol
2015;35:99–103.

67. Dargaville PA, Aiyappan A, De Paoli AG, et al. Minimally-invasive surfactant ther-
apy in preterm infants on continuous positive airway pressure. Arch Dis Child
Fetal Neonatal Ed 2013;98:F122–6.

68. Pillai MS, Sankar MJ, Mani K, et al. Clinical prediction score for nasal CPAP failure
in pre-term VLBW neonates with early onset respiratory distress. J Trop Pediatr
2011;57:274–9.

69. Rocha G, Flor-de-Lima F, Proenca E, et al. Failure of early nasal continuous pos-
itive airway pressure in preterm infants of 26 to 30 weeks gestation. J Perinatol
2013;33:297–301.

70. Autilio C, Echaide M, Benachi A, et al. A noninvasive surfactant adsorption test
predicting the need for surfactant therapy in preterm infants treated with contin-
uous positive airway pressure. J Pediatr 2017;182:66–73.e61.

71. Chida S, Fujiwara T. Stable microbubble test for predicting the risk of respiratory
distress syndrome: I. Comparisons with other predictors of fetal lung maturity in
amniotic fluid. Eur J Pediatr 1993;152:148–51.

72. Bhatia R, Morley CJ, Argus B, et al. The stable microbubble test for determining
continuous positive airway pressure (CPAP) success in very preterm infants
receiving nasal CPAP from birth. Neonatology 2013;104:188–93.

73. Daniel IW, Fiori HH, Piva JP, et al. Lamellar body count and stable microbubble
test on gastric aspirates from preterm infants for the diagnosis of respiratory
distress syndrome. Neonatology 2010;98:150–5.

74. Fiori HH, Fritscher CC, Fiori RM. Selective surfactant prophylaxis in preterm in-
fants born at < or 531 weeks’ gestation using the stable microbubble test in
gastric aspirates. J Perinat Med 2006;34:66–70.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref59
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref59
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref59
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref60
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref60
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref60
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref61
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref61
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref61
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref62
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref62
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref63
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref63
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref63
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref63
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref64
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref64
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref64
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref64
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref65
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref65
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref65
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref66
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref66
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref66
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref66
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref67
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref67
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref67
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref68
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref68
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref68
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref69
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref69
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref69
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref70
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref70
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref70
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref71
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref71
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref71
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref72
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref72
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref72
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref73
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref73
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref73
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref74
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref74
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref74


Preventing CPAP Failure 15
75. Bhuta T, Kent-Biggs J, Jeffery HE. Prediction of surfactant dysfunction in term in-
fants by the click test. Pediatr Pulmonol 1997;23:287–91.

76. Fiori HH, Varela I, Justo AL, et al. Stable microbubble test and click test to predict
respiratory distress syndrome in preterm infants not requiring ventilation at birth.
J Perinat Med 2003;31:509–14.

77. Mehrpisheh S, Mosayebi Z, Memarian A, et al. Evaluation of specificity and sensi-
tivity of gastric aspirate shake test to predict surfactant deficiency in Iranian pre-
mature infants. Pregnancy Hypertens 2015;5:182–6.

78. Verder H, Ebbesen F, Brandt J, et al. Lamellar body counts on gastric aspirates
for prediction of respiratory distress syndrome. Acta Paediatr 2011;100:175–80.

79. Brat R, Yousef N, Klifa R, et al. Lung ultrasonography score to evaluate oxygen-
ation and surfactant need in neonates treated with continuous positive airway
pressure. JAMA Pediatr 2015;169. e151797.

80. Gopel W, Kribs A, Hartel C, et al. Less invasive surfactant administration is asso-
ciated with improved pulmonary outcomes in spontaneously breathing preterm
infants. Acta Paediatr 2015;104:241–6.

81. Kanmaz HG, Erdeve O, Canpolat FE, et al. Surfactant administration via thin cath-
eter during spontaneous breathing: randomized controlled trial. Pediatrics 2013;
131:e502–9.

82. Gopel W, Kribs A, Ziegler A, et al. Avoidance of mechanical ventilation by surfac-
tant treatment of spontaneously breathing preterm infants (AMV): an open-label,
randomised, controlled trial. Lancet 2011;378:1627–34.

83. Kribs A, Roll C, Gopel W, et al. Nonintubated surfactant application vs conven-
tional therapy in extremely preterm infants: a randomized clinical trial. JAMA Pe-
diatr 2015;169:723–30.

84. Mohammadizadeh M, Ardestani AG, Sadeghnia AR. Early administration of sur-
factant via a thin intratracheal catheter in preterm infants with respiratory distress
syndrome: feasibility and outcome. J Res Pharm Pract 2015;4:31–6.

85. Bao Y, Zhang G, Wu M, et al. A pilot study of less invasive surfactant administra-
tion in very preterm infants in a Chinese tertiary center. BMC Pediatr 2015;15:21.

86. Mirnia K, Heidarzadeh M, Hosseini M, et al. Comparison outcome of surfactant
administration via tracheal catheterization during spontaneous breathing with
INSURE. Medical Journal of Islamic World Academy of Sciences 2013;21:143–8.

http://refhub.elsevier.com/S0095-5108(18)30011-3/sref75
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref75
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref76
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref76
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref76
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref77
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref77
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref77
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref78
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref78
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref79
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref79
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref79
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref80
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref80
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref80
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref81
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref81
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref81
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref82
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref82
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref82
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref83
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref83
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref83
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref84
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref84
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref84
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref85
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref85
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref86
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref86
http://refhub.elsevier.com/S0095-5108(18)30011-3/sref86

	Preventing Continuous Positive Airway Pressure Failure
	Key points
	Why prevent continuous positive airway pressure failure?
	How to prevent continuous positive airway pressure failure: evidence-based interventions, from the delivery room to the neo ...
	Does Receipt of Antenatal Corticosteroids Decrease the Risk of Continuous Positive Airway Pressure Failure?
	Does Routine Use of Sustained Lung Inflation Prevent Continuous Positive Airway Pressure Failure?
	Does the Modality of Assisted Ventilation Used in the Delivery (Resuscitation) Room Affect Continuous Positive Airway Press ...
	Does Intubation, Surfactant, Extubation Improve Continuous Positive Airway Pressure Success?
	Does Bubble Continuous Positive Airway Pressure Improve Rates of Continuous Positive Airway Pressure Success?
	Randomized Trials Comparing Continuous Positive Airway Pressure Devices
	Randomized controlled trials performed at birth
	Randomized trials of continuous positive airway pressure after extubation

	Does the Interface Used to Deliver Continuous Positive Airway Pressure Affect Continuous Positive Airway Pressure Failure?
	Does Prone or Lateral Body Positioning Improve Continuous Positive Airway Pressure Success?
	Does Timing of Caffeine Administration Affect Continuous Positive Airway Pressure Failure?

	When no evidence exists, can one support “best practice”?
	Does Aggressive Airway Clearance Prevent Continuous Positive Airway Pressure Failure?
	Can Quality Improvement Projects Improve Continuous Positive Airway Pressure Success Rates?

	If babies must fail, can one predict who will fail, and intervene early?
	Are There Antenatal Characteristics that Reliably Predict Continuous Positive Airway Pressure Failure?
	Are There any Clinical Variables or Diagnostic Tests that Predict Continuous Positive Airway Pressure Failure?
	Surfactant activity and/or production tests
	Chest radiographs
	Lung ultrasound


	Summary
	References


