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Background: Preterm infants are increasingly using nasal continuous positive airway pressure (CPAP) immediately after
birth as an initial respiratory support. Some infants managed with this modality ultimately fail on CPAP and require intubation
and ventilation. Infants who fail CPAP are associated with a higher risk of adverse outcomes.
Objective: To identify the incidence, predictors and neonatal outcomes associated with the CPAP failure in preterm infants with
respiratory distress syndrome (RDS).
Material and Method: Preterm infants of 25 to 32 weeks gestation with RDS receiving nasal CPAP as an initial respiratory
support were included in the study. They were divided into two groups according to success or failure on CPAP in the first 72
hours of life. Predictors of CPAP failure were determined and outcomes between the two groups were compared.
Results: CPAP failure occurred in 18 of total 83 infants (22%). Which was more likely to occur at gestational ages of 25 to 28
weeks than at 29 to 32 (50% vs. 15%, p = 0.005). In multivariate logistic analysis, gestational age lower than 28 weeks,
received positive pressure ventilation in the delivery room, required maximum FiO

2
 >0.5 and male gender were significantly

associated with CPAP failure [adjusted odd ratio 8.53 (95% CI 1.94, 37.50), 3.56 (95% CI 0.83, 15.40), 3.28 (95% CI 0.72,
15.02) and 2.50 (95% CI 0.63, 9.89) respectively]. Infants who failing CPAP had higher mortality (adjusted odd ratio 45.5,
95% CI 2.78, 744.18) and adverse outcomes including BPD (adjusted odd ratio 1.5, 95% CI 0.34, 6.56) and NEC (adjusted
odd ratio 1.8, 95% CI 0.18, 18.45) when controlled for gestation and presence of moderate to severe RDS on initial chest
radiography.
Conclusion: CPAP failure in preterm infants with RDS usually occurs in those who are born very premature with moderate
to severe RDS as indicated by requirement of maximum FiO

2
 >0.5 in the first hours of life.

Keywords: Preterm infants, Respiratory distress syndrome, Continuous positive airway pressure, Bronchopulmonary dysplasia

Respiratory distress syndrome (RDS) is a
critical predictor of morbidity and mortality in preterm
infants. The diagnosis of RDS can be confirmed by
chest radiography showing a classical ‘ground glass’
appearance and air bronchograms. If left untreated,
death may occur from progressive hypoxia and
respiratory failure. Current practice guidelines in
neonatology recommend using CPAP immediately after
birth with subsequent selective surfactant
administration should be considered as an alternative
to routine intubation with prophylactic or early

surfactant administration(1). Recently large, multicenter
randomized controlled trials of prophylactic or early
nasal CPAP in preterm infants <29 weeks’ gestation
have indicated that when CPAP is started soon after
birth, it is associated with equivalent or superior
respiratory outcomes, as compared to infants who are
intubated and received prophylactic surfactant(2-4).
However, not all extremely premature infants with RDS
who are given CPAP can be successfully managed with
this modality. Infants who fail on CPAP may suffer the
consequences of delayed surfactant administration and
other adverse related outcome. Several studies have
suggested that infants who failed CPAP are associated
with a higher risk of adverse outcomes, including death,
bronchopulmonary dysplasia (BPD), intraventricular
haemorrhage (IVH), and necrotizing enterocolitis (NEC)
than those with successful CPAP(5-9).
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The authors aimed to determine the incidence
of CPAP failure and explore the early predictors of CPAP
failure including demographic risk factors and clinical
indices of respiratory function, and the adverse
outcomes in CPAP failure infants.

Material and Method
This was the retrospectively review of data

between October 2014 and October 2016. The study
was approved by the Ethics Committee of the Faculty
of Medicine, Thammasat University. Our NICU
(Neonate Intensive Care Unit) uses CPAP as an initial
respiratory support for 25 to 32 weeks gestation infants
with respiratory distress, with a maximum CPAP
pressure of 7 cm H

2
O and FiO

2
 0.4 to 0.6. If the FiO

2

requirement exceeds 0.6, or ventilation appears
inadequate (arterial pH <7.20 and PaCO

2 
>60 mmHg),

or infants developed frequent episodes of apnea
requiring repeated bag and mask ventilation despite
adequate CPAP delivery and oxygenation during the
first 72 hours of life, the infants will then receive
endotracheal intubation and exogenous surfactant.

Study population
Our study included infants born at our

hospital with gestational age of 25 to 32 weeks by best
obstetric estimate who were admitted to the NICU with
respiratory distress and managed initially with early
nasal CPAP. Infants requiring intubation in the delivery
room or shortly after arrival in the NICU were excluded.

Data collection
Clinical indices of respiratory function were

defined from the intensive care charts. Data recorded
included maximum FiO

2
 (sustained for at least 15 min)

and CPAP pressure in the first 2 to 6 hours of life. CPAP
failure was defined as the need for intubation before
72 hours, and the radiological severity of RDS was
categorized by the attending physicians as mild,
moderate or severe(10). The radiographic finding was
classified as moderate or severe if it show dense
reticulogranular pattern making the borders of the
heart, thymus and diaphragm unclear or impossible to
distinguish the borders with an air bronchogram seen
in the major parts of the bronchi and the trachea.
Demographic and clinical outcomes were collected from
our unit’s databases including gestational age, sex, birth
weight, route of delivery, administration of prenatal
steroids, presence of multiple births, Apgar scores, and
delivery room management (positive pressure
ventilation via a bag and mask) (PPV). The adverse

outcomes included death, bronchopulmonary dysplasia
(BPD), defined as the need for supplementary oxygen
or any form of respiratory support at 36 weeks post-
menstrual age, necrotizing enterocolitis (NEC) stage
>2 by Bell’s staging system(11), retinopathy of
prematurity (ROP) as defined by the International
Classification of Retinopathy of Prematurity
classification(12), all grades of intraventricular
hemorrhage (IVH) by Papile’s classification(13), duration
of hospital stay (days) and duration of oxygen support
(days).

Statistical analysis
Baseline characteristic risk factors and

outcome variables were compared between infants who
succeeding and failing in early nasal CPAP. Data were
expressed as means and standard deviations for normal
distributions. Comparable categorical data between the
two groups were analyzed using the Chi-square test or
Fischer’s exact test when appropriate. Comparable
continuous data between the two groups were analyzed
using an independent sample T test or Mann-Whitney
U test. A p-value less than 0.05 was considered
significant. Logistic regression models were used to
investigate the effects of clinical indices of respiratory
function coupled with potential demographic
predictors.

Results
A total of 83 infants of 25 to 32 weeks gestation

were treated initially with early nasal CPAP. Overall,
CPAP failure occurred in 18 infants (22%). There was
100% CPAP failure in infants at gestation of 25 weeks.
Occurrence was more likely at 25 to 28 weeks gestation
than at 29 to 32 (50% vs. 15% p = 0.005). The proportion
of CPAP failure was higher in infants with lower birth
weight (28%, 30% and 12% in 500-999, 1,000-1,499
and 1,500-2,000 g, respectively), (Table 1). There were
no differences in birth weight, sex, cesarean delivery,
multiple birth and reception of prenatal steroids
between the two groups (Table 2). In univariate logistic
regression analysis, there was increased risk of
CPAP failure in lower than 28 weeks gestation, male,
required  PPV in the delivery room, presence of
moderate to severe RDS on initial chest radiography
and requirement of FiO

2  
>0.5 in the first hours of life

infants (Table 3). In the multivariate logistic analysis,
gestational age lower than 28 weeks, received positive
pressure ventilation in the delivery room, required
maximum FiO

2
 >0.5 and male gender were significantly

associated with CPAP failure [adjusted odd ratio 8.53



S48                                                                                                                J Med Assoc Thai Vol. 100 Suppl. 5  2017

    Gestational age (week)                             Birth weight (g)

25 to 28 29 to 32 500 to 999 1,000 to 1,499 1,500 to 2,000

No of infants   16   67     7       36       40
CPAP failure, n (%)     8 (50)   10 (15)*     2 (28)       11 (30)         5 (12)

* The p-values = 0.005 by Fischer’s exact test

Table 1. Proportion of infants with CPAP failure by distribution of gestational age and birth weight

  CPAP success     CPAP failure p-value
        n = 65         n = 18

Male, n (%)      31 (48)      11 (61)   0.426
BW (g), median (IQR) 1,526 (1,258, 1,662) 1,340 (1,128, 1,586)   0.237
GA (week), median (IQR)      31 (30 to 32)      30 (28 to 32)   0.027
Multiple birth, n (%)      20 (31)        3 (17)   0.373
Cesarean section, n (%)      38 (58)        8 (44)   0.422
5 minutes apgar score, median (IQR)      10 (8 to 10)      10 (8 to 10)   0.622
Received prenatal steroid, n (%)      48 (74)      12 (67)   0.562

Table 2. Baseline characteristics

(95% CI 1.94, 37.50), 3.56 (95% CI 0.83, 15.40), 3.28
(95% CI 0.72, 15.02) and 2.50 (95% CI 0.63, 9.89)
respectively] (Table 4). The adjusted odd ratios for the
logistic regression models for mortality and morbidity
for those who failed CPAP is shown (Table 5). The
models were controlled for gestation and presence of
moderate to severe RDS on initial chest radiography.
Infants failing CPAP had higher mortality (adjusted odd

ratio 45.5, 95% CI 2.78, 744.18), BPD (adjusted odd ratio
1.5, 95% CI 0.34, 6.56) and NEC (adjusted odd ratio 1.8,
95% CI 0.18, 18.45). The hospital stay in the CPAP failure
group were 50 (19, 60) days compared to 31 (21, 44)
days (median, interquartile range, p = 0.685) in the CPAP
success group. The duration of oxygen support was
significantly higher in the CPAP failure group 32 (8, 49)
days compared to 7 (3, 20) days (median, interquartile

Predictors                                 Univariate logistic regression

Odds ratio     95% CI p-value

Gestational age <28 weeks     5.70 1.73, 18.70   0.004
Birth weight <1,000 g     1.50 0.26, 8.46   0.646
Male     1.72 0.59, 5.00   0.317
Caesarean delivery     0.56 0.19, 1.62   0.293
Multiple birth     0.45 0.12, 1.73   0.245
Prenatal steroids (any)     0.70 0.28, 2.18   0.548
Required PPV in delivery room     2.40 0.76, 7.95   0.134
Presence of mod-severe RDS*   16.57 4.72, 58.14 <0.001
CPAP level     0.64 0.19, 2.19   0.478
Required maximum FiO

2 
>0.5     4.28 1.18, 15.48   0.026

Table 3. Prediction of CPAP failure

* Presence of moderate to severe RDS on initial chest radiography
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Predictors Adjusted odds ratio    95% CI p-value

Gestational age <28 weeks           8.53 1.94, 37.50   0.005
Required maximum FiO >0.5           3.28 0.72, 15.02   0.125
Required PPV in delivery room           3.56 0.83, 15.40   0.087
Male           2.50 0.63, 9.89   0.192

Table 4. Multivariate logistic regression of predictors of CPAP failure

range, p = 0.022) in the CPAP success group.

Discussion
In our study, most spontaneously breathing

preterm infants (78%) were managed successfully with
early nasal CPAP. Even in the lower gestation (25 to 28
weeks), CPAP was successful in about half of the
infants. In the 25 to 28 weeks gestation range, the CPAP
failure rate (50%) was comparable to previous studies
(25 to 50%)(5-9). Except for male gender and gestational
age, our data did not support the finding of the other
demographic factors as a predictor. Some infants on
CPAP managed without an indwelling arterial catheter
which may limit the evaluation of oxygen indices in
arterial blood gas. Therefore, the highest level of FiO

2

in the 2 to 6 hours of life was used as the indicator of
oxygenation to predict CPAP failure. We found that
factors associated with CPAP failure were those related
to immaturity, male, reception of PPV in the delivery
room and requirement of maximum FiO

2 
>0.5 in the first

hours of life. These factors define cases with small
baby that born very premature who required positive
pressure ventilation in the delivery room with
unremitting RDS where the condition can be expected
to progress as indicated by requirement of maximum
FiO

2 
>0.5 in the first hours of life. In our study, the data

support the previous studies(5,9) that infants failing
CPAP in the first 72 hours have a higher rates of mortality

Adverse outcomes Odds ratio     95% CI p-value Adjusted    95% CI p-value
odds ratio*

Death 12.8 1.22, 131.81   0.032     45.5 2.78, 744.18   0.007
NEC   1.5 0.26, 8.46   0.646       1.8 0.18, 18.45   0.603
BPD   3.3 1.12, 9.90   0.030       1.5 0.34, 6.56   0.586
IVH   0.95 0.72, 3.33   0.939       0.57 0.11, 3.08   0.522

Table 5. Adverse outcomes for CPAP failure infants

BPD = bronchopulmonary dysplasia; IVH = intraventricular haemorrhage; NEC = necrotizing enterocolitis
* Adjusted odds ratio for gestation and presence of moderate to severe RDS on initial chest radiography

and adverse outcomes. The clinical outcomes for
infants who succeed on CPAP are excellent with lower
mortality, BPD, NEC, the duration of oxygen support
and hospital stay. According to the high mortality rates
in the failing CPAP group, it might be wrong to continue
CPAP in any infant with the factors that associated
with CPAP failure.

Conclusion
Preterm infants with RDS whom receiving

nasal CPAP as an initial respiratory support, gestational
age lower than 28 weeks, received PPV in the delivery
room, required maximum FiO

2
 >0.5 and male gender

appeared to be a good predictor of CPAP failure.

What is already known on this topic?
Widespread use of nasal CPAP as the initial

respiratory support modality in preterm infants with
RDS is progressively replacing intubation and
mechanical ventilation. Some infants will develop
worsening respiratory failure and eventually require
intubation. Infants who failed CPAP are associated with
a higher risk of adverse outcomes.

What this study adds?
Preterm infants failing CPAP usually occurs

because of worsening respiratory distress syndrome.
An indicator of oxygenation such as requirement of
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maximum FiO
2
 >0.5 is the good predictor of CPAP failure.
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⌫     ⌫
⌫

 ⌫  

      ⌫   
  ⌦   ⌫⌫⌫
 ⌫⌫⌫ ⌫⌫    
   ⌫⌫
⌫⌫
 ⌦   ⌫   ⌫
    ⌦⌫   ⌫⌫⌫
 
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