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Abstract
Aim: To predict early nasal continuous positive airway pressure failure within the first 2 
hours after birth in preterm infants. 

Methods: Patient and respiratory support variables significantly associated with 
continuous positive airway pressure failure in the first 72 hours after birth were identified 
in a cohort of preterm infants < 30 weeks gestation. Using multivariable logistic 
regression analysis, risk estimates for early nasal continuous positive airway pressure 
failure were calculated. 

Results: From 182 infants included 62(34%) failed early nasal continuous positive airway 
pressure. Birth weight ≤800 g, male gender and a fraction of inspired oxygen >0.25 at 
1 and 2 hours of age were significantly associated with early nasal continuous positive 
airway pressure failure. Combining these variables in a logistic regression model provided 
a minimal risk estimate for failure of 0.04[0.01-0.23] (female >800 gram, FIO2 ≤0.25 at 1, 
and 2 hours) and maximal estimate of 0.92[0.44-0.99] (male ≤800 gram, FIO2 >0.25 at 1 
and 2 hours).

Conclusion: Combining gender, birth weight and the fraction of inspired oxygen at 
1 and 2 hours of age allows for a better and more individualized prediction of early 
nasal continuous positive airway pressure failure in preterm infants less than 30 weeks 
gestation.
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Background
Respiratory support and exogenous surfactant are the cornerstones of neonatal 
respiratory distress syndrome treatment (1) Initially respiratory support consisted of 
primary intubation and mechanical ventilation, but over the last decades preterm infants 
are increasingly managed on primary Early Nasal Continuous Positive Airway Pressure 
(ENCPAP) starting in the delivery room. This change in respiratory support over time has 
been primarily based on observational studies showing that ENCPAP in preterm infants 
reduced the need for invasive ventilation and surfactant treatment (2-3). More recent 
randomized studies comparing ENCPAP to primary endotracheal ventilation in preterm 
infants confirmed these observational findings although they failed to show a clear 
benefit on the incidence of Bronchopulmonary Dysplasia (BPD)(4-5).
It is important to acknowledge that ENCPAP also has disadvantages. Approximately 50% 
or more infants will fail ENCPAP and as a consequence will receive their first surfactant 
dose more than 2 hours after birth) (4-5). This so-called late rescue surfactant treatment 
is less effective in reducing BPD compared to early rescue treatment (< 2 hours after 
birth). Early (< 2 hours after birth) prediction of ENCPAP failure might optimize the 
timing of surfactant treatment and improve outcome.
To date only two studies explored predictive variables for ENCPAP failure, reporting a 
significant association between ENCPAP failure and Gestational Age (GA), Birth Weight 
(BW) and several parameters of oxygenation (6-7). Interestingly, this was not the case for 
other factors normally associated with the incidence or severity of respiratory distress 
syndrome, such as antenatal steroids and gender (8-9). Furthermore, both these studies 
did not take into account the time these variables were assessed which is essential when 
aiming to increase the rate of early surfactant administration in infants failing ENCPAP.
In the present study we therefore assessed the predictive value of respiratory support 
data obtained in the first hours after birth on ENCPAP failure in preterm infants managed 
on primary ENCPAP. In addition, we assessed possible associations between maternal 
and infant characteristics and ENCPAP failure.

Patients and Methods
This historical cohort study was approved by the Institutional Review Board at the 
Academic Medical Center Amsterdam.

Patients
All inborn preterm infants less than 30 weeks GA born between August 2006 and 
December 2008 were identified and their medical charts were reviewed. Patients who 
were on ENCPAP at admission to the Neonatal Intensive Care Unit were included in the 
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study. Exclusion criteria were major congenital anomalies and endotracheal intubation 
for the sole purpose of surgery in the first 72 hours of life. 

Respiratory support protocol
In the delivery room all preterm infants showing spontaneous breathing were immediately 
started on ENCPAP with a pressure of 6 to 8 cmH2O using a mask and T-piece resuscitator 
(Neopuff®, Fisher&Paykel, New Zealand). Sustained inflations and positive pressure 
ventilation was exclusively applied for persistent bradycardia or apnea. The Fraction of 
Inspired Oxygen (FIO2) was  set at 1.0 and reduced as fast as possible, aiming at a preductal 
pulse oxygen saturation between 86 - 94%. If these interventions were unsuccessful 
mechanical ventilation was started. Patients successfully stabilized on ENCPAP were 
transported to the Neonatal Intensive Care Unit using a nasopharyngeal tube and a 
neonatal transport ventilator (Babylog1, Dräger, Germany). In the Neonatal Intensive 
Care Unit, patients were switched to a variable flow CPAP system (InfantFlow®, Care 
Fusion, USA) using nasal prongs and/or mask. FIO2 was adjusted to the aforementioned 
pulse oxygen saturations measured at postductal level. Nasal CPAP was started on 5 
cmH2O and this pressure could be increased to a maximum of 7 cmH2O. Patients were 
placed in prone position and interventions were avoided as much as possible during the 
first hours of life. Special attention was paid to the position of nasal interface to avoid 
loss of pressure or airway obstruction. Infants with a GA < 29 weeks received a loading 
dose of 10 mg/kg caffeine base. 
Indications for endotracheal mechanical ventilation after admission were: FIO2 > 0.4 
for more than 1 hour with signs of respiratory distress; or recurrent apnea requiring 
either vigorous stimulation in a one-hour period or more than one bag-and-mask 
ventilation episode in a 12 hour period; or hypercarbia resulting in pH < 7.2. Following 
intubation infants < 29 weeks were treated with exogenous surfactant independent of 
the ventilator settings. Patients ≥ 29 weeks received surfactant when the continuous 
distending pressure times the FIO2 was ≥ 2.5. Infants who needed mechanical ventilation 
in the first 72 hours of life were considered to have ENCPAP failure and those remaining 
on ENCPAP were considered ENCPAP success. 

Data Collection 
The maternal variables and patient characteristics studied included pregnancy induced 
hypertension, prolonged premature rupture of membranes > 24 h, intra uterine infection, 
use of antenatal corticosteroids, diabetes, GA, BW, small for gestational age, gender, 
route of delivery, and Apgar score at 5 minutes. In addition, the following outcome 
parameters were collected: mortality during the first year of life, BPD defined as the 
need for supplemental oxygen at 36 weeks postmenstrual age, air leaks, necrotizing 
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enterocolitis, intraventricular hemorrhage and periventricular leucomalacia.
Data on respiratory support, including the set CPAP pressure, FIO2 and number of apneic 
episodes, were recorded hourly for the first 12 hours, averaged over 3-hour periods 
during the following 12 hours and averaged over 6 hours for the remaining 48 hours. 
In addition, data on timing of intubation, exogenous surfactant therapy, and blood gas 
analysis before intubation were recorded.

Statistical Analysis 
Statistical analysis was performed using SPSS version 16 (SPSS, Chicago, IL). Data are 
presented as mean ± Standard Deviation (SD) or median and Interquartile Range (IQR) 
depending on their distribution. Data were analyzed by a Student�s T test or Mann-Whitney 
U test, as appropriate. The risk for ENCPAP failure was estimated by multivariable logistic 
regression analysis with dichotomized determinants. The following determinants were 
investigated in univariate logistic regression analysis: GA, BW, small for gestational age, 
gender, antenatal steroids, delivery route, pregnancy induced hypertension, prolonged 
premature rupture of membranes, intra uterine infection, Apgar 5 min, and  FIO2 and 
CPAP pressure during the first 2 hours. For continuous variables significantly associated 
with ENCPAP failure, Receiver Operating Characteristic (ROC) curves were constructed 
to establish the optimal cut-off value yielding a maximum sensitivity and specificity. If the 
OR was significant with a p-value smaller than 0.05, the determinant was considered for 
the multivariable model. Those determinants which led to an increase in the explained 
variance of at least 10% were kept in the model. A p value < 0.05 was considered significant.

Results
A total of 230 preterm infants with a GA less than 30 weeks were born during the 
study period. Twenty seven (12%) of these infants were intubated in the delivery room 
for resuscitation or severe hypoxia. Thirteen infants (6%) were excluded because of 
congenital anomalies or surgery, and one infant could be managed on low flow nasal 
cannula. Of the remaining 189 infants, the medical charts or respiratory data were 
missing in 7 infants, leaving 182 infants for the final analysis (Figure 1).

In this study population 120 (64 %) patients remained on ENCPAP during the first 72 
hours of life and 62 (36 %) patients needed intubation and ventilation. The reasons for 
intubation were a FIO2 > 0.4 in 44 patients (71%), a pH < 7.2 in 14 patients (23%), and severe 
apnea in 4 patients (6%). Intubation was performed at a median (IQR) age of 5 (3 - 16) 
hours.
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230 infants < 30 wk GA
& ≤ 72 hrs after birth 

120 nCPAP 
success

189 patients on CPAP 
at admission (eligible)

41 patients excluded
27 intubated in DR (resuscitation/ severe hypoxia)
6 > 4 weeks ROM or lunghypoplasia
7 multiple congenital anomaly or surgery
1 no CPAP

182 patients included

62 nCPAP 
failure 

2 missing charts
5 missing respiratory data

44 patients fraction inspired oxygen
14 patients pH < 7.2
4 recurrent severe apnea

Figure 1. Patient flow chart. Early Nasal Continuous Positive Airway Pressure (ENCPAP)

Table 1 shows the maternal and patient characteristics in the total, the ENCPAP success 
and the ENCPAP failure group. Patients in the ENCPAP failure group had a significantly 
lower GA and BW. In addition, there were significantly more males in the failure group. 
Comparison of the FIO2 and CPAP pressure at 1 and 2 hours after birth revealed that both 
these variables were significantly higher in the ENCPAP failure group compared with the 
ENCPAP success group. This differences remained statistical significant at all time points 
during the first 44 h (data not shown).
Just before intubation the median (IQR) FIO2 and CPAP pressure in all intubated patients 
was, 0.50 (0.38 – 0.64) and 6.0 (6.0 – 6.5) cmH2O, respectively. Exogenous surfactant 
was administered to 58 (94%) of the intubated patients at a median time (IQR) of 7.8 
hours (5.4 - 15.3) after birth.
Univariate analyses showed that ENCPAP failure was significantly associated with 
gender, GA, BW, CPAP pressure and FIO2 (Table 1). 
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Table 1: Patient characteristics. 

Total

(n=182)

ENCPAP failure

(n=62)

ENCPAP success

(n=120)
p-value

Gestational Age (mean ± SD), wk 27.9 ± 1.5 27.3 ± 1.6 28.2 ± 1.4 0.001
Birth Weight (mean ± SD), g 1018 ± 267 947 ± 259 1055 ± 264 0.006
SGA 10 (6) 1 (2) 9 (8) 0.100
Male 96 (53) 40 (65) 56 (47) 0.022
Antenatal Steroids

    Completed courses

136 (75)

110 (61)

41 (66)

34 (55)

95 (79)

76 (63)

0.763

Caesarean Section 69 (38) 24 (39) 45 (38) 0.873
PIH 99 (54) 35 (57) 64 (53) 0.689
Diabetes 15 (8) 3 (5) 12 (10) 0.230
PPROM

    >24 h

    >7 d

36 (20)

10 (6)

11 (18)

3 (5)

25 (21)

7  (6)

0.724

0.259
Intra uterine infection 25 (14) 8 (13) 17 (14) 0.845
Median Apgar Score 5 min (IQR) 9 (8-9) 9 (7-9) 9 (8-9) 0.614
FIO2 first hour (mean ± SD) 0.28 ± 0.13 0.37 ± 0.19 0.24 ± 0.05 < 0.001
FIO2 second hour (mean ± SD) 0.26 ± 0.08 0.32 ± 0.11 0.23 ± 0.05 < 0.001
CPAP first hour (mean ± SD) , cm H2O 5.6 ± 0.7 5.8 ± 0.7 5.5 ± 0.7 0.008
CPAP second hour (mean ± SD), cm H2O 5.6 ± 0.8 5.9 ± 0.6 5.4 ± 0.8 < 0.001

Data are presented as numbers and percentage (%) unless stated differently. SGA Small for Gestational 
Age < 2.3 SD, PIH Pregnancy Induced Hypertension, PPROM Premature Prolonged Rupture of 
Membranes, IQR Interquartile Range.

Since GA and BW are closely correlated, only BW was included in the multivariable 
logistic regression model (table 2), as this can be determined more accurately at the time 
of birth. The ROC curves for BW, FIO2 at 1 hour and FIO2 at 2 hours had an area under the 
curve of 0.63, 0.79 and 0.84 respectively. Based on these curves, the cut-off value for BW 
was set at 800 grams and for the FIO2 at one and two hours after birth at 0.25. 

Table 2: Multivariable and adjusted associations with CPAP failure in the logistic regression model 
containing gender, birthweight and Fraction Inspired Oxygen (FIO2) at 1 and 2 hours of age.

OR 95% CI

male 3.7 1.6 – 8.2
BW ≤ 800 gr 
(correlated with GA) 4.9 2.0 – 11.8

FIO2 > 0.25 first hour 10.9 5.0 – 24.0
FIO2 > 0.25 second hour 18.7 7.9 – 44.0

Data are presented as odds ratio (OR) with 95% Confidence Interval (CI). Gestational Age (GA), Birthweight (BW).
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The percentage explained variance (Nagelkerke R2) was 12% for the model containing 
gender and BW. When FIO2 at 1 and 2 hours was added the explained variance increased 
to 37% and 47 %, respectively. Adding CPAP to the model did not improve the explained 
variance. The flowchart in Figure 2 shows the absolute risk estimates for ENCPAP failure 
according to gender, BW and FIO2 > 0.25 and FIO2 ≤ 0.25 at 1 and 2 hours, based on the 
multivariable logistic regression analysis. 

34
[27 – 41]

26
[17-36]

à priori risk 
ENCPAP 

failure

≤ 800 gr

17
[5-44]

35
[4-86]

5
[1-20]

47
[6-93]

4
[1-23]

40
[27-56]

71
[33-92]

18
[9-34]

76
[36-95]

15
[7-30]

42
[19-69]

35
[7-80]

66
[7-98]

15
[1-68]

75
[8-99]

14
[1-71]

64
[33-87]

90
[45-99]

45
[14-80]

92
[44-99]

37
[9-78]

Gender

FEMALE

MALE

> 800 gr

Hours after 
birth

second
n = 174

Birth weight

≤ 800 gr

> 800 gr

>  0.25

first

n = 181

second
n = 174

first

second
n = 174

first

second
n = 174

first

Fraction Inspired Oxygen

Figure 2. Absolute risk estimate % [95 % CI] of Early Nasal Continuous Positive Airway Pressure 
(ENCPAP) failure within 72 hours after birth according to the multivariable logistic regression with 
stepwise entering gender, birth weight dichotomized at 800 grams, fraction of inspired oxygen 
dichotomized at 0.25 during the first and second hour after birth.

As shown by Table 3, mortality and/or BPD at 36 weeks postmenstrual age was 
significantly higher in the ENCPAP failure group compared to the success group. All other 
major short-term morbidities did not differ between the groups. 
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Table 3: Secondary neonatal outcomes. Data are in presented as numbers and percentage (%). 

total
(n=182)

CPAP failure
(n=62)

CPAP success
(n=120) p-value

Mortality * 12 (7) 9 (15) 3 (3) 0.008

BPD36 wk
‡ 33 (18) 20 (32) 13 (11) < 0.001

BPD free survival 137 (75) 33 (53) 104 (87) < 0.001

pneumothorax 4 (2) 2 (3) 2 (2) 0.147

IVH gr 3 and 4 4 (2) 1 (2) 3 (3) 0.699

PVL 8 (4) 4 (7) 4 (3) 0.331

NEC 12 (7) 6 (10) 6 (5) 0.216

* Mortality during the first year of life, ‡ BPD Bronchopulmonary Dysplasia oxygen need at 36 weeks, IVH 
Intraventricular Hemorrhage, PVL Periventricular Leucomalacia, NEC necrotizing enterocolitis.

Discussion
Observational and randomized studies have clearly shown that ENCPAP started in the 
delivery room is feasible in preterm infants and results in a reduction in the need for 
invasive mechanical ventilation and surfactant therapy, but not the incidence of death 
and/or BPD (4-5). It has been suggested that this latter finding may, in part, be explained 
by the fact that almost half of the infants fail ENCPAP in the first days of life and, after 
intubation, will receive their first surfactant dose more than 2 hours after birth, i.e. late 
selective treatment.  Studies have shown that, compared with early elective treatment (< 
2 hours after birth), late treatment will increase the risk of air leaks and, more importantly, 
the risk of death and/or BPD (10). The fact that one of the recent randomized studies 
reported more air leaks in the ENCPAP group seems to support this line of reasoning (4).
To date, only two studies looked for predictive variables for ENCPAP failure in preterm 
infants. Ammari and colleagues reported a significant association between ENCPAP 
failure and GA, BW, Apgar score at 1 or 5 minutes and oxygenation parameters (6-7). 
Fuchs and colleagues confirmed the association between ENCPAP failure and GA and 
oxygenation (7) . 
Our study adds important and new information to these two previous reports. First, 
we systematically explored the predictive value of the respiratory support variables 
CPAP pressure and FIO2 at 1 and 2 hours after birth. Adding timing to these variables is 
important because prediction of ENCPAP failure should ideally be done within the first 
hours of life if the aim is to increase the rate of early selective surfactant treatment in 
those infants that fail. Furthermore, these variables do not require an arterial blood 
gas analysis, which is often not available in the first hours of life. Our study shows that 
the FIO2 obtained at 1 and 2 hours after birth is significantly associated with ENCPAP 
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failure. Using ROC curves we were able to identify 0.25 as the cut-off value with the 
optimal balance between sensitivity and specificity. Although statistically significant, 
the differences in CPAP pressure between the ENCPAP failure and success group was 
not clinically relevant, a finding most likely explained by the fact that the range is CPAP 
pressure used in our department is relatively small (4-6 cmH2O). This probably also 
explains why the product of CPAP pressure and FIO2 , did not improve the predictive 
values for ENCPAP failure. Second, and in contrast to the study by Ammari and colleagues, 
our study identified gender as a predictive variable for ENCPAP failure. This finding is 
consistent with previous studies reporting a significant association between male 
gender and an increased risk of severe respiratory distress syndrome (9). In addition 
to gender, we confirmed the significant association between ENCPAP failure and BW, 
closely correlated with GA. Based on the ROC curve we were able to identify 800 gram 
as the optimal cut-off value. Finally and in contrast to both previous studies, our study 
shows that combining gender, BW and FIO2 at 1 or 2 hours after birth allows for a better 
and more individualized prediction of ENCPAP failure (Figure 2). Using multivariable 
regression modeling we were able to show that the combination of female gender, birth 
weight > 800 g and an FIO2 ≤ 0.25 at 1 and 2 hours after birth resulted in the lowest risk 
of ENCPAP failure (0.04 [0.01-0.23]) and the combination of male gender, birth weight ≤ 
800 g and an FIO2 > 0.25 at 1 and 2 hours after birth in the highest risk ( 0.92 [0.44-0.99]).
Although the provided risk estimates for ENCPAP failure in this study are higher than 
previously reported, the clinical implications are dependent on several factors (7). First, 
clinicians may interpret these risk estimates differently depending on what they consider 
an acceptable risk of intubating a preterm infant in the first hours after birth that in the 
end could have been managed on ENCPAP alone. Second, it is important to acknowledge 
that these risk estimates are dependent on the criteria used to define ENCPAP failure. 
The FIO2 threshold of 0.40 used in our department was based on the study by Verder 
and colleagues showing that using a lower threshold to administer surfactant treatment 
significantly reduced mortality compared with a higher threshold (11). Although recent 
studies have also adopted this FIO2 threshold (12), others still use higher FIO2 levels (4-5) 
and this will probably reduce the predictive values presented in this study. 
This study has several limitations that need to be addressed. First, this model for early 
prediction of ENCPAP failure was based on retrospective data. In general, such a design 
may compromise the quality and completeness of the collected data and therefore the 
accuracy of the model (13). In the present study, data on the use of a sustained inflation 
in the delivery room, which may impact the risk of intubation, was poorly recorded and 
could therefore not be incorporated in the risk model (14). Because of this limitation 
the present model needs to be validated in a prospective cohort study. Second, due to 
the restraint treatment policy in the Netherlands, only a small number of infants below 
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25 weeks gestation were included in this cohort, which may have affected the results 
presented in this study. Finally, this study cannot answer the question if more selective 
early intubation and surfactant treatment in infants failing primary ENCPAP will have an 
impact on death and/or BPD. However, the fact that we could show a significant increase 
in this outcome in infants failing ENCPAP warrants further investigation.
In conclusion, this study shows that combining gender, BW and the FIO2 at 1 and 2 
hours of age allows for a better and more individualized prediction of ENCPAP failure 
in preterm infants less than 30 weeks gestation. This model needs to be validated in a 
prospective cohort study.
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