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Abstract
Background and objective

Late preterm and term infants commonly require continuous positive airway pressure (CPAP) on admission.
However, CPAP failure in this population has not been well studied. Hence, we conducted this study to
determine the impact of CPAP failure and identify antenatal factors associated with it in late preterm and
term infants.

Materials and methods

We carried out a single-center retrospective analysis of all inborn infants of >34 weeks gestational age (GA)
from 2012 to 2019 who received CPAP on admission to the neonatal intensive care unit (NICU). CPAP failure
was defined as follows: escalation in the mode of respiratory support, surfactant administration, increase in
FiOy >0.2 above the baseline, or absolute FiO 5 >0.4 for >3h; within 12h of admission. In-hospital outcomes

and perinatal factors were compared between CPAP-failure and success groups. Multivariate stepwise binary
logistic regression analysis (LRA) was used to assess the association between antenatal factors and CPAP
failure.

Results

Of the 272 infants included in the study, 38 (14%) failed CPAP. Infants in the failure group received a longer
duration of respiratory support [median (IQR): 3.0 (5.6) vs. 0.5 (0.5)d; p<0.001], and length of stay [9 (9) vs.
4 (4)d; p<0.001]. On LRA, higher GA was associated with reduced odds of CPAP failure. Maternal
hypertensive disorders, meconium-stained amniotic fluid, and group B Streptococcus (GBS)-positive status
were associated with increased odds of CPAP failure.

Conclusions

In this cohort of late preterm and term infants, CPAP failure was associated with worse in-hospital
outcomes. Lower GA, maternal hypertensive disorders, meconium-stained amniotic fluid, and GBS-positive
status were associated with CPAP failure. These data, if replicated in further studies, may help develop
individualized respiratory support strategies.

Categories: Pediatrics
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Introduction

Late preterm and term infants constitute the majority of admissions to the neonatal intensive care unit
(NICU), with respiratory failure being one of the most common indications [1-3]. Continuous positive airway
pressure (CPAP) is frequently used as the initial mode of respiratory support for managing respiratory
failure. While there is significant evidence supporting the indications, outcomes, and risks for failure of
CPAP in extremely preterm infants, there is a scarcity of such data related to late preterm and term

infants [4-8].

The applicability of the available data to late preterm and term infants may be limited due to differences in
lung maturation stages, causes and severity of respiratory failure, and more benign clinical course [3,9].
While some recent studies have evaluated non-invasive respiratory support in this patient population, they
have been mostly limited to identifying the risk factors for requiring respiratory support, prediction of failure
based on early postnatal factors, or have included different non-invasive respiratory support strategies [10-
12]. The data on antenatal factors associated with failure of initial CPAP in this population is lacking and can
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potentially help identify at-risk populations and improve the management of respiratory failure in these
groups.

In light of this, we conducted a retrospective study evaluating outcomes and antenatal factors associated
with CPAP failure in late preterm and term infants. The objectives of this study were as follows: (1) to
identify antenatal factors associated with CPAP failure in late preterm and term infants and (2) to determine
the association between CPAP failure and in-hospital outcomes in this population.

Materials And Methods

We conducted a single-center, retrospective analysis of a cohort of all infants of >34w gestation born at
Robert Wood Johnson University Hospital between January 2012 and December 2019 and admitted to the
NICU on CPAP within 12h after birth. Infants with a major congenital anomaly and those receiving invasive
mechanical ventilation on admission were excluded. For the study, CPAP failure was defined as any of the
following within 12h of initiation of CPAP: escalation in the mode of support, need for surfactant, increase
in Fioy >0.2 above baseline for >3 hours, or absolute Fio, >0.4 for > 3 hours. All decisions regarding

respiratory support were made by the medical team according to their clinical judgment with no
standardized protocols. This study was approved by the Rutgers Human Research Protection Program
Institutional Review Board (Study ID: Pro 2021001864) with a waiver of consent as it involved a
retrospective analysis of de-identified data.

In-hospital respiratory and other outcomes were compared between CPAP-failure and success groups. These
included mortality; pneumothorax; duration of respiratory support and oxygen supplementation; time to
achieve full oral feeds; exposure to antibiotics; exposure to prolonged antibiotics, defined as >48h; and
length of stay. The following antenatal and perinatal factors were compared between the groups: gestational
age (GA), gender, maternal age, maternal smoking status, maternal diabetes, maternal hypertensive
disorders (comprising chronic hypertension, pregnancy-induced hypertension, preeclampsia, and/or
eclampsia), group B Streptococcus (GBS)-positive status, clinical chorioamnionitis, magnesium sulfate
(MgS0Qy) exposure before delivery, any antenatal steroid exposure before delivery, meconium-stained

amniotic fluid, small for gestational age (SGA) defined as birth weight <10th percentile, and mode of
delivery. Postnatal variables included Apgar score, need for positive pressure ventilation (PPV) during
resuscitation, mode of CPAP delivery at admission, and Fio, on admission.

Perinatal factors and in-hospital outcomes were compared between groups using Chi-square analysis for
categorical variables, independent t-test for continuous variables, or nonparametric Mann-Whitney U test as
determined by the Shapiro-Wilk test. Multivariate binary logistic regression analysis (MLR) was used to
model the association between CPAP failure and antenatal risk factors. Data analysis was performed using
SPSS Statistics (IBM Corp., Armonk, NY). A p-value <0.05 was considered statistically significant for all
analyses.

Results

Of the 272 infants who met the study inclusion criteria, 38 (14%) failed CPAP. Regarding the individual
components of failure criteria, 68% of infants required escalation of the mode of respiratory support, 45%
received surfactant, 37% met the criteria of absolute FiO, >0.4, and 8% had an increase in FiO ; greater than

0.2 above baseline.

Maternal, perinatal, and demographic characteristics

There was no significant difference between the groups in maternal age, incidence of smoking, or maternal
diabetes. A higher proportion of mothers in the CPAP-failure group had hypertensive disorders (32% vs.
16%; p = 0.019) with no difference in exposure to MgSOy. Both groups did not differ in antenatal risk factors
for infection as determined by the incidence of GBS-positive status, prolonged rupture of membrane, or
clinical chorioamnionitis (Table 7).
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Variables CPAP failure (n = 38) CPAP success (n = 234) P-value
Maternal age, years, mean + SD 30+6.4 31+64 0.547
Maternal smoking, n (%) 8 (21) 44 (19) 0.877
Maternal diabetes, n (%) 5(13) 57 (24) 0.269
Maternal hypertensive disorders, n (%) 12 (32) 37 (16) 0.019
Maternal GBS-positive status, n (%) 12 (32) 41 (18) 0.053
Rupture of membrane >18h, n (%) 5(13) 24 (10) 0.319
Clinical chorioamnionitis, n (%) 2 (5.3) 20 (8.5) 0.226
Exposure to MgSOy, n (%) 8 (21) 28 (12) 0.27
Any antenatal steroids, n (%) 8 (21) 53 (23) 0.827

TABLE 1: Maternal characteristics of CPAP-failure and success groups

CPAP: continuous positive airway pressure; GBS: group B Streptococcus; SD: standard deviation

The infants in the CPAP-failure group had lower GA [median (IQR): 37.1 (4.1) vs. 37.5 (3.1)w; p = 0.043] with
no difference in birth weight or incidence of SGA. Both groups were similar in terms of female gender (34%
vs. 44%; p = 0.257) and mode of delivery. While there was a higher proportion of infants in the CPAP-failure
group with meconium-stained amniotic fluid (21% vs. 13%; p = 0.086), five-min Apgar score <5 (7.9% vs.
2.1%, p = 0.051), and need for positive pressure during resuscitation (82% vs. 74%; p = 0.313), they did not
reach statistical significance. Infants in the failure group had a higher admission FiO, [median (IQR): 0.35

(0.16) vs. 0.23 (0.09); p<0.001], and a smaller proportion of infants used bubble device for CPAP (87% vs.
97%; p = 0.006) as compared to the success group (Table 2).

Variables CPAP failure (n = 38) CPAP success (n = 234) P-value
Gestational age, weeks, median (IQR) 37.1(4.1) 37.5(3.1) 0.043
Birth weight, g, mean + SD 2909 + 608 3065 + 602 0.14
Small for gestational age (birth weight <10th centile), n (%) 3(7.9) 15(6.4) 0.733
Female gender, n (%) 13 (34) 103 (44) 0.257
Delivery by Cesarian section, n (%) 19 (50) 136 (58) 0.348
Meconium-stained amniotic fluid, n (%) 8 (21) 30 (13) 0.086
Five-min Apgar score <5, n (%) 3(7.9) 5(2.1) 0.051
Need for positive pressure during resuscitation, n (%) 31 (82) 173 (74) 0.313
Admitted from nursery, v 4 (11) 36 (15) 0.433
Admission FiO,, median (IQR) 0.35 (0.16) 0.23 (0.09) <0.001
Bubble device for CPAP use, n (%) 33(87) 226 (97) 0.006

TABLE 2: Birth and admission characteristics of CPAP-failure and success groups

CPAP: continuous positive airway pressure; IQR: interquartile range; SD: standard deviation

On MLR, higher GA was associated with lower odds of CPAP failure (aOR: 0.634, 95% CI: 0.467 - 0.862). As
for antenatal factors, maternal hypertensive disorders (aOR: 3.086, 95% CI: 1.216 - 7.831), GBS-positive
status (aOR: 2.849, 95% CI: 1.081 - 7.513), and meconium-stained amniotic fluid (aOR: 3.47, 95% CI: 1.114 -
10.812) were associated with higher odds of CPAP failure (Figure ).
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FIGURE 1: Multivariate logistic regression analysis of the association
between initial non-invasive respiratory support failure and perinatal

and demographic factors

Adjusted odd ratios (aOR) with 95% confidence intervals (Cl) are displayed for each factor

GA: gestational age; GBS: group B Streptococcus

In-hospital outcomes

No death occurred in either group. Infants in the CPAP-failure group had a longer duration of respiratory
support [median (IQR): 3.0 (5.6) vs. 0.5 (0.5)d; p<0.001] and duration of oxygen exposure [median (IQR): 1.7

(5.0) vs. 0.5 (0.5)d; p<0.001]. A higher proportion of infants in the failure group received antibiotics (90% vs.

61%; p<0.001) and had a prolonged antibiotics course (37% vs. 9.7%; p<0.001). Finally, infants in the CPAP-

failure group took longer to achieve full feeds [median (IQR): 6.0 (6.0) vs. 2.0 (3.0)d; p<0.001], and had a

longer hospital stay than the success group [median (IQR): 9.0 (9.0) vs. 4.0 (4.0)d; p<0.001] (Table 3).

Outcome

Duration of respiratory support, days, median (IQR)
Duration of oxygen supplementation, days, median (IQR)
Infants with pneumothorax, n (%)

Infants exposed to antibiotics, n (%)

Infants on antibiotics >48h, n (%)

Postnatal age at achieving full feeds, days, median (IQR)

Length of hospital stay, days, median (IQR)

CPARP failure (n = 38)

3.0 (5.6)
1.7 (5.0)
7(18)
34 (90)
14 (37)
6.0 (6.0)

9.0 (9.0)

0.5 (0.5)
0.5 (0.5)
22 (9.4)
142 (61)
22 (9.4)
2.0 (3.0)

4.0 (4.0)

TABLE 3: In-hospital outcomes for CPAP-failure and success groups

CPAP: continuous positive airway pressure; IQR: interquartile range

CPAP success (n = 234)

P-value

<0.001

<0.001

0.188

<0.001

<0.001

<0.001

<0.001

Discussion

In this cohort of late preterm and term infants receiving CPAP on admission to the NICU, 14% met the
criteria for failure, with infants in the failure group requiring about six times the duration of respiratory

support and twice the length of stay. While higher GA was associated with lower odds of CPAP failure,

maternal hypertensive disorders, meconium-stained amniotic fluid, and GBS-positive status were associated

with higher odds of CPAP failure. To our knowledge, this is the first study to examine antenatal risk factors

and outcomes of CPAP failure in late preterm and term infants. Unlike some of the previous studies, we used
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12h as the cut-off for defining CPAP failure, as, in our experience, most of these infants require escalation of
respiratory support soon after birth. A potential critique of this study is the relatively arbitrary criteria for
defining CPAP failure. These criteria were chosen to account for a lack of strict guidelines for the escalation
of respiratory support and surfactant administration in this patient population. Using these criteria, the
CPAP failure rate of 14% was similar to previously reported rates of 12% by Tournex et al. [10] and 11% by
Sonetal.[11].

Maternal hypertensive disorders were found to be associated with increased odds of failure of CPAP, with no
difference in magnesium sulfate exposure or incidence of SGA in the current study. An association between
preeclampsia and adverse neonatal respiratory outcomes has been previously described, with the biological
rationale of anti-angiogenic in-utero environment in preeclampsia impairing alveolar and vascular
development [13,14]. These data are more robust in very preterm infants [15-17] with limited and
contradicting evidence in late preterm and term infants [18,19]. These contradictions could be attributed to
variability in the anti-angiogenic profile of patients with preeclampsia at different points of gestation [20],
variability in the severity of maternal hypertensive disorders, or the definition of respiratory morbidities in
different studies. One of the limitations of the current study is that different maternal hypertensive
disorders were combined in a single group, potentially diluting the overall impact on respiratory morbidities.
Further larger studies are needed to better elucidate the role of individual types of maternal hypertensive
disorders, degree of blood pressure control, or treatment strategies on neonatal respiratory morbidities.

In the current study, maternal GBS-positive status and meconium-stained amniotic fluid were associated
with almost three times higher odds of CPAP failure. The association of CPAP failure with maternal GBS-
positive status and meconium-stained amniotic fluid aligns with previous evidence on its association with
neonatal morbidities [21,22]. The lack of association with chorioamnionitis, though interesting, is not
entirely surprising as the impact of chorioamnionitis on neonatal morbidities has not been clearly defined
[23,24]. As expected, CPAP failure in our study was associated with prolonged and more invasive respiratory
support. The long-term impact of this small but significant increase in respiratory morbidities needs to be
further evaluated in longer-term studies. More infants in the CPAP failure group were exposed to antibiotics
and for a longer duration. Neonatal exposure to antibiotics has not only been linked to lower diversity in
intestinal microbiome in the short term [25] but also to several longer-term morbidities like asthma [26],
obesity [27], or autoimmune disorders [28]. Infants with CPAP failure on average were hospitalized for twice
as long as the success group, and its impact on overall hospital costs and burden at the individual family
level needs to be evaluated [29,30].

There are several limitations to the current study. The decisions related to changes in respiratory support
were physician-dependent and could potentially be subjective. The single-center design of the study limits
the generalizability of its findings. The retrospective nature and relatively small sample size of the study
mean that all inferences from the study are hypothesis-building, which needs to be further tested in larger
studies.

Conclusions

Our single-center study showed that CPAP failure in late preterm and term infants was associated with
adverse in-hospital respiratory outcomes, prolonged length of stay, and increased exposure to antibiotics. In
addition to lower GA, maternal hypertensive disorders, meconium-stained amniotic fluid, and maternal
GBS-positive status were associated with the failure of CPAP. These data, if replicated in further studies, may
not only help clinicians in predicting the clinical course but also aid in developing individualized respiratory
support strategies.
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