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Risk Factors Associated With Early-Selective Bubble Nasal
Continuous Positive Airway Pressure and Surfactant
Failure in Premature Infants With Respiratory
Distress Syndrome
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Abstract

Background: The aim of the study was to identify significant risk
factors associated with early-selective bubble nasal continuous posi-
tive airway pressure (BnCPAP) and surfactant failure in preterm in-
fants with respiratory distress syndrome (RDS).

Methods: This was a retrospective cohort study of 344 premature
infants with RDS born at the Hospital Universitario de Santander,
Bucaramanga, Colombia, between 2006 and 2015. All infants were
required to have clinical evidence of progressive respiratory failure,
FiO, > 0.4, and exposure to BnCPAP and surfactant with the INSURE
method as initial management for RDS. The primary outcome was
the failure of early-selective BnCPAP and INSURE. The incidence of
failure was estimated as a cumulative incidence and incidence density
ratio. The strength of association with failure was estimated by bino-
mial regression, Kaplan-Meier survival curves, and Cox’s regression
adjusting for birth weight and gestational age (GA).

Results: Early-selective BnCPAP and INSURE failure occurred in
53/344 patients: a cumulative incidence of failure of 14.9% and an
incidence density rate of 3.9/1,000 h of BnCPAP exposure. Risk fac-
tors associated with failure were: GA < 28 weeks (relative risk (RR)
= 2.62, 95% confidence interval (CI): 1.39 - 4.94) and need for re-
suscitation with positive pressure ventilation (RR = 1.97, 95% CI:
1.09 - 3.54). Additionally, failure was associated with a higher risk of
severe intraventricular hemorrhage and death.

Conclusion: GA < 28 weeks and need for positive pressure ventila-
tion during resuscitation were associated with failure of early-selective
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Introduction

The development of different modes of ventilatory support,
exogenous surfactant, and antenatal steroids has significantly
decreased mortality and morbidity from respiratory distress
syndrome (RDS) [1]. However, exposure to mechanical venti-
lation has been identified as a significant risk factor associated
with pulmonary injury and the development of bronchopulmo-
nary dysplasia (BPD) [2]. Additionally, it has been identified
as a risk factor for cerebral palsy and learning disorders in this
vulnerable population of infants [3]. Non-invasive modalities
of ventilatory like continuous positive airway pressure (CPAP)
and early-selective surfactant have been proposed as alterna-
tives to mechanical ventilation [4, 5].

When early-selective CPAP is used as the sole strategy for
ventilatory support in the setting of RDS, failure has been doc-
umented to be in the range of 36-50% [5-7], and is associated
with a substantially higher rate of pneumothorax, a higher risk
of death, BPD, and other morbidities [7]. Administration of
early-selective exogenous surfactant through transient intuba-
tion followed by extubation to bubble nasal CPAP (BnCPAP),
also known as the INSURE method, is a validated strategy for
the treatment of premature infants with RDS that supports ef-
fective and sustains alveolar recruitment, improves lung com-
pliance, shortens the duration of respiratory failure, and sub-
stantially decreases the need for mechanical ventilation and
the development of associated morbidities [4, 5, 8].

The Neonatal Intensive Care Unit (NICU) at the Hospi-
tal Universitario de Santander (UIS) has used early-selective
BnCPAP with the INSURE method for the past 10 years as
the initial management strategy for preterm infants with RDS
[9]. The present study aimed to identify perinatal and neonatal
risk factors associated with failure of this strategy in order to
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anticipate candidates for early-selective intubation and ventila-
tory support with mechanical ventilation.

Materials and Methods

Study design and population

This study included a retrospective cohort of premature infants
< 33 weeks of gestation with RDS born at Hospital Universi-
tario de Santander (HUS) between 2006 and 2015. Additional
inclusion criteria were: evidence of increased work of breathing
during the first hour of life, need for supplemental oxygen with
FiO, > 0.4, administration of early-selective exogenous sur-
factant (within the first hour of life) with the INSURE method,
and ventilatory support with BnCPAP as the initial manage-
ment of RDS. Exclusion criteria were: the need for intubation
and mechanical ventilation as part of initial resuscitation, major
congenital abnormalities, and prolonged rupture of membranes
> 3 weeks. The Institutional Review Boards of the Universidad
Industrial de Santander (UIS) and HUS approved the protocol.
This study was conducted in compliance with the ethical stand-
ards of the two responsible institutions on human subjects.

Eligible infants were stabilized with the administration of
positive end-expiratory pressure (PEEP) of 5 cm H,O using
a mask and a T-piece, Neopuff® resuscitator to support lung
recruitment and then intubated for the administration of sur-
factant (Survanta®) 100 mg/kg, followed by the administra-
tion of intermittent positive pressure ventilation (PPV) with a
T-piece resuscitator (peak inflation pressure (PIP) 20 cm H,O
and PEEP of 5 cm H,O) applied for 30 s after the adminis-
tration of surfactant. Infants were then evaluated for evidence
of spontaneous breathing and, if present, were extubated and
placed again on T-piece CPAP and PEEP of 5 cm H,O with a
facemask for transfer to the NICU. In the NICU, infants were
placed on BnCPAP with a pressure of 4 - 6 cm H,O. The BnC-
PAP depended upon the patient’s clinical evaluation and res-
piratory failure. Supplemental oxygen was titrated to maintain
pulse oximetry saturations between 89% and 96%. Infants who
demonstrated worsening respiratory distress and met any of
the following CPAP failure criteria: PaCO, > 65 mm Hg, pH <
7.22, pulse oximetry saturations persistently < 80%, recurrent
severe apnea > 20 s, or FiO, > 0.75 to maintain saturations >
92%) were intubated, placed on mechanical ventilation, and
administered additional doses of surfactant according to a pre-
established protocol [6].

Relevant clinical data were obtained from the electronic
medical record at HUS and registered in pre-designed data col-
lection sheets. Data were transferred to an Excel Microsoft®
spreadsheet for subsequent analysis. The primary outcome of
the study was a failure on BnCPAP after INSURE. Potential
maternal risk factors associated with failure included: diabetes
(gestational, type I and type II), hypertensive disorders during
pregnancy, urinary tract infections, preterm premature rupture
of membranes (PPROM) with prolonged rupture of mem-
branes (> 18 h), and chorioamnionitis (presence of maternal
fever associated with one or more of the following: fetal tachy-
cardia (> 160 beats per minute for at least 10 min), maternal
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leukocytosis > 15,000 in the absence of corticosteroids, evi-
dence of purulent fluid in the cervical canal, or microbiologi-
cal confirmation of invasion of the amniotic cavity) [10]. Post-
natal risk factors included: gestational age (GA), birth weight
(BW), sex, mode of delivery, complete or incomplete prenatal
steroid administration, Apgar score at 1 and 5 min, need for
neonatal resuscitation (PPV + supplemental oxygen, chest
compressions, medications), and diagnosis of pneumonia as
defined by CDC criteria (radiographic findings of pulmonary
consolidation, evidence ventilation or oxygenation impairment
and at least three of the following: thermal instability, leukope-
nia, leukocytosis and/or 10% immature forms, apnea, tachyp-
nea, intercostal retractions, bradycardia, or tachycardia) [11].
Additional long-term outcomes explored to determine their
association with failure were: chronic lung disease (need for
supplemental oxygen at 28 days of chronological age and on
supplemental oxygen at the time of discharge or need for sup-
plemental oxygen at 36 weeks post-menstrual age) associated
with clinical or radiographic changes [12], intraventricular
hemorrhage (IVH) grade I-IV [13], air leak syndrome (pulmo-
nary interstitial emphysema, pneumothorax, pneumo-pericar-
dium or pneumo-mediastinum) [14], necrotizing enterocolitis
(NEC) Bell’s stage > 2A criteria [15], clinically symptomatic
confirmed or suspected sepsis [16], and death.

Statistical analysis

Early-selective BnCPAP + INSURE failure was estimated as a
cumulative incidence and number of events/1,000 h of CPAP
exposure. Nominal and ordinal variables were summarized in
the univariate analysis as proportions for each category, while
the discrete and continuous variables were summarized as the
median and interquartile range (IQR) due to the absence of
normal distribution. Two multiple stepwise regression analy-
ses were performed, including all prenatal and postnatal vari-
ables significantly associated with failure of early-selective
BnCPAP + INSURE in a univariate analysis controlling for
BW. First, binomial regression analysis was done to estimate
relative risks (RRs) with their corresponding 95% confidence
intervals (Cls) for a cumulative incidence of failure. Second,
we estimated the survival function free of early-selective BnC-
PAP and INSURE failure using Kaplan-Meier survival curves
and hazard ratio (HR), and their 95% CI were estimated by
Cox’s regression for incidence density rate. Finally, we evalu-
ated the strength of the association between early-selective
BnCPAP and INSURE failure and secondary outcomes by
logistic regression adjusting for BW to produce odds ratios
(ORs) and corresponding 95% CI. We evaluated the statisti-
cal significance of possible associations using the y? test for
proportions and log-rank for survival curves using an o < 0.05
as a cut-point.

Results

Between 2006 and 2015, 395 premature newborns with < 33
weeks of gestation met eligibility criteria. Fifty-one infants
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Table 1. INSURE Failure Incidence According to Maternal Prenatal Exposures

Variable Category Failure (%)? P-value

Delivery Vaginal 13/73 (17.8%) 0.522
C-section 40/271 (14.8%)

Gestational age (weeks) <28 7/15 (46.7%) 0.001
28 -29.6 13/60 (21.7%)
>30 33/269 (123%)

Maternal diabetes Yes 1/6 (16.7%) 0.931
No 52/338 (15.4%)

Pregnancy hypertensive disorder Yes 13/83 (15.7%) 0.941
No 40/261 (15.4%)

PROM Yes 8/69 (11.6%) 0.326
No 45/275 (16.4%)

Urinary tract infection Yes 9/39 (23.0%) 0.159
No 44/305 (14.4%)

Chorioamnionitis Yes 13/49 (26.5%) 0.020
No 40/295 (13.6%)

Antenatal corticoids course None 19/112 (17.0%) 0.667
Incomplete 19/113 (16.8%)
Complete 15/119 (12.6%)

aFailure with early-selective BnCPAP and INSURE. BnCPAP: bubble nasal continuous positive airway pressure; PROM: premature rupture of mem-

branes.

from this cohort were excluded: 30 infants had an Apgar score
at 5 min of age < 3, six infants had a major congenital anom-
aly, and 15 infants required intubation during the first 15 min
of life as part of resuscitation. A total of 344 premature new-
borns were included in the study. INSURE failure occurred in
53 infants (15.4%); 25 failures (47.2%) occurred during the
first 24 h of life. The cumulative incidence of INSURE fail-
ure was 14.9%, with an incidence density of 3.9 failures for

every 1,000 h of BnCPAP exposure. Tables 1, 2, and 3 show
the prenatal and postnatal characteristics and risk factors of the
cohort categorized by success versus failure of early-selective
BnCPAP and INSURE. Only BW and GA, maternal chorioam-
nionitis, need for resuscitation, pneumonia, and initial PEEP
were significantly different between groups. Binomial regres-
sion analysis adjusted for BW found two risk factors associ-
ated with BnCPAP and INSURE + failure: GA < 28 weeks

Table 2. Failure Rate of Early-Selective BhnCPAP and INSURE According to Year and Neonatal Demographics

Variable Category Failure (%)? P-value
Failure year® <2008 23/104 (22.0%) 0.270
2009 - 2011 18/132 (13.6%)
>2012 12/108 (11.0%)
Birth weight (g) < 1,000 8/18 (44.4%) 0.003
1,000 - 1,499 22/132 (16.7%)
1,500 - 1,999 20/161 (12.4%)
>2,000 3/33 (9.1%)
According to GA Adequate 48/320 (15.0%) 0.595
Small 3/17 (17.7%)
Large 2/7 (17.7%)
Sex Female 16/146 (11.0%) 0.055
Male 37/198 (18.7%)

aFailure on early-selective BhnCPAP and INSURE. BnCPAP: bubble nasal continuous positive airway pressure; GA: gestational age.
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Table 3. BnCPAP and INSURE Failure Incidence According to Postnatal Clinical Characteristics

Variable Category INSURE failure P-value
Apgar score at 5 min 7-10 49/328 (15.0%) 0.276
4-6 4/16 (25.0%)
Need for resuscitation None 14/154 (9.1%) 0.009
PPV only 36/178 (20.2%)
PPV + CC 1/8 (12.5%)
PPV + CC + medication 2/4 (50.0%)
Pneumonia Yes 17/68 (25.0%) 0.014
No 36/276 (13.0%)
Initial PEEP (cm H,0) 4 43/308 (14.0%) 0.043
6/26 (23.0%)
6 4/10 (40.0%)

CC: chest compression; PEEP: positive end-expiratory pressure; PPV:

(RR=2.62, 95% CI: 1.39 - 4.94) and the need for resuscitative
measures with PPV (RR =1.97, 95% CI: 1.09 - 3.54).

Figure 1a shows the survival function free of BnCPAP and
INSURE failure showing it occurs between 2.0 and 78.5 h af-
ter initiation of BnCPAP. The risk of failure is relatively simi-
lar during the first 48 h but increases after this period (Fig. 1b).
Cox’s regression identified GA < 28 weeks (HR = 4.02, 95%
CI: 1.73 - 9.34), maternal history of chorioamnionitis (HR =
2.60, 95% CI: 1.36 - 4.96), being male (HR = 2.22, 95% CI:
1.22 - 4.05), and an initial PEEP of 6 cm H,O (HR =2.96, 95%
CI: 1.01 - 8.68) as significant risk factors associated with a
shorter time interval to failure. These findings are corroborated
when analyzing time to BnCPAP failure using Kaplan-Meier
curves (Figs. 2-4).

The incidence of secondary outcomes is shown in Table
4. In addition, INSURE and BnCPAP failure is related to the
incidence of severe IVH, even after adjusting for BW (OR =
16.46, 95% CI: 1.74 - 155.46). Newborn infants < 28 weeks
of GA have a higher risk of failure (OR =29.37, 95% CI: 2.53
- 341.12). Finally, the death risk related to BnCPAP and IN-
SURE failure was not significant (RR = 1.91, 95% CI: 0.49
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005

- 4.61), but it is significant among those newborns with a GA
of <28 weeks (RR =9.89, 95% CI: 2.72 - 35.95).

Discussion

In this study, we found BnCPAP and INSURE failure in 14.9%
of patients, with 47.2% occurring during the first 24 h after
its administration. Risk factors associated with failure were a
GA < 28 weeks and the need for resuscitation with PPV. Early
failure after the intervention was associated with a lower GA,
chorioamnionitis, and being male. Additionally, severe IVH
(IIT and IV) was associated with failure.

These results are similar to those reported by Rojas et al
[5], in a randomized controlled study of early-selective BnC-
PAP and INSURE. Our incidence of failure is significantly
lower than reported previously in studies of CPAP without
early-selective surfactant [7]. The COIN study reported a fail-
ure rate of 46% in newborns between 25 and 28.5 weeks of
gestation treated with CPAP without early-selective surfactant
[17]. Our rate of pneumothorax (2.0%) was also significantly
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Figure 1. Risk of survival free of CPAP failure (a) and risk of CPAP failure with corresponding 95% confidence intervals (b).

CPAP: continuous positive airway pressure.
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Figure 2. Survival analysis of CPAP failure according to gestational age (a) (P < 0.001) and maternal history of chorioamnionitis
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Figure 3. Survival analysis of CPAP failure according to neonatal sex (a) (P = 0.007) and initial PEEP value (b) (P = 0.083).
CPAP: continuous positive airway pressure; PEEP: positive end-expiratory pressure.

lower than the 9.1% observed in the COIN study [17]. The [7]. Similarly, the CURPAP study found a failure rate of 33%,

lower gestation of the population of preterm infants in the with an incidence of pneumothorax of 6.7% in infants < 28
COIN study may partly explain this difference, but the pres- weeks gestation exposed to prophylactic nasal CPAP [18].
ence of a significantly higher rate of pneumothorax suggests Regarding the factors related to CPAP failure, Ammari et
that lack of early-selective surfactant as an explanatory factor al found failure in 24-50% of newborns weighing less than
as; b
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Figure 4. Survival analysis of CPAP failure according to need for resuscitation (a) (P = 0.014) and weight at birth (b) (P = 0.040).
CPAP: continuous positive airway pressure; PPV: positive pressure ventilation.
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Table 4. Incidence of Secondary Outcomes According to INSURE Success or Failure

Total patients INSURE outcome
Secondary outcome _ P-value
(n =344) Success (n = 291) Failure (n = 53)
Chronic pneumopathy 48 (14.0%) 37 (12.7%) 11 (20.7%) 0.120
IVH grade III or IV 6 (1.7%) 1 (0.3%) 5(9.4%) <0.001
NEC 17(4.5%) 15 (5.1%) 2 (3.7%) 0.670
Air leak syndrome 7 (2.0%) 5(1.7%) 2 (3.8%) 0.330
Sepsis 100 (29.1%) 80 (27.5%) 20 (37.7%) 0.131
Death 20 (5.8%) 14 (4.8%) 6 (11.3%) 0.063

IVH: intraventricular hemorrhage; NEC: necrotizing enterocolitis.

1,250 g and 750 g, respectively, and identified a shorter GA (<
26 weeks), low BW (< 750 g), and the severity of the RDS as
risk factors [6]. In our study, GA was a crucial predicting fac-
tor. However, most of the GAs were above 28 weeks, and only
four patients were between 24 and 26 weeks. Additionally, all
our patients received surfactant before BnCPAP. Cherif et al
described 109 patients that received surfactant and CPAP with
a 32.1% failure rate, twice ours. Failure in their study was as-
sociated with weighting less than 1,000 g, the partial pressure
level of CO,, and severe radiographic changes as predictors
[8]. They did not take into account clinical parameters like Ap-
gar score at 1 min and the need for resuscitation, but they con-
sidered blood gas and radiographic parameters that were not
considered in this study because once our patients presented
with early progressive RDS, we administered BnCPAP and
INSURE, and obtained a chest film [8].

A small study by Koti et al found significant radiographic
changes, not receiving antenatal steroids, patent ductus arte-
riosus, sepsis/pneumonia, and FiO, > 50% after 20 min on
BnCPAP without INSURE as significant risk factors for fail-
ure [19]. In our study, antenatal steroids were not associated
with failure. Additionally, Rocha et al found failure was as-
sociated with the need for FiO, > 0.3 during resuscitation, a
BnCPAP pressure of > 6 cm H,0O, and FiO, > 0.4 in the first 4
h of life [20]. The need for postnatal supplemental oxygen and
high CPAP appears to be proxies for surfactant deficiency and
severe respiratory distress. However, in our study, the high-
est proportion of patients received a CPAP of 4 cm H,O after
early-selective surfactant avoiding the need for higher CPAP.

Recently, Dargaville et al reported a cohort study that
evaluated 19,103 newborns between 25 and 28 weeks, and 29
and 32 weeks that received CPAP without INSURE versus me-
chanical ventilation with surfactant therapy. CPAP failure was
observed in 43% and 21%, respectively and was associated
with an increase in the rate of pneumothorax (8.1% and 11%
versus 0.36% and 0.37%) [7]. In our study, CPAP failure was
lower, and the frequency of pneumothorax was only 3.8% in
patients with CPAP failure and 1.7% among those where it was
successful supporting the need for administering early-selec-
tive surfactant in the management of these patients. Addition-
ally, given that the risk of INSURE failure increased after 48
h of its administration, we consider it necessary to conduct a
new study to evaluate the need for a second dose of surfactant.

In summary, GA of < 28 weeks and the need for resuscita-

46 Articles © The authors | Journal compilation © Int | Clin Pediatr and Elmer Press Inc™

tive measures with PPV are factors associated with BnCPAP
and INSURE failure. Additionally, failure was associated with
an increased risk of severe IVH and death in preterm infants <
28 weeks gestation. We recommend including these risk fac-
tors when considering the need for intubation and management
with mechanical ventilation and surfactant in preterm new-
borns with evidence of RDS.
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