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Background: The efficacies of nasal continuous positive airway pressure (NCPAP) and nasal intermittent 
positive pressure ventilation (NIPPV) in neonatal respiratory distress syndrome (RDS) are controversial. 
The reasons for controversy may be the selection bias of research objects and the small sample size. 
Methods: Literature retrieval was performed in PubMed, EMBASE, Medline, Central, China National 
Knowledge Infrastructure (CNKI), Wanfang and China Science Digital Library (CSDL) databases.  
Inclusion criteria: (I) literatures involving subjects who were newborns with RDS; (II) studies that had 
established both experimental and control groups; (III) the intervention measures of the experimental and 
control groups were NIPPV and NCPAP, respectively; (IV) the results included the incidence of intubation, 
bronchopulmonary dysplasia (BPD), or mortality; and (V) randomized controlled trials (RCTs). The chi-
square test was applied for heterogeneity test. Publication bias assessment was conducted by funnel plot and 
Egger’s test. The revised Cochrane risk of bias tool for individually randomized, parallel group trials (RoB2.0) 
was used to evaluate the risk of bias of the included RCT research.
Results: A total of 10 literatures were included for analysis, including 1,104 patients, 557 in the NIPPV 
group and 547 in the NCPAP group. Among the literatures, 2 literatures had low risk of bias, 2 literatures 
had high risk of bias, and the rest had uncertain risk of bias. Compared to NCPAP, NIPPV reduced the 
incidence of neonatal intubation in RDS [risk ratio (RR) =0.57, 95% confidence interval (CI): 0.46–0.71, 
Z=5.11, P<0.00001]. There was no statistically significant heterogeneity (P=0.13, I2=36%) or publication bias 
(P<0.05) among the studies. Compared with NCPAP, NIPPV reduced the incidence of BPD in RDS (RR 
=0.72, 95% CI: 0.57–0.91, Z=2.70, P=0.007). There was no statistically significant heterogeneity (P=0.10, 
I2=41%) or publication bias (P>0.05) among the studies. NIPPV reduced the neonatal mortality rate of RDS 
(RR =0.55, 95% CI: 0.31–0.97, Z=2.08, P=0.04). There was no statistically significant heterogeneity (P=0.20, 
I2=38%) or publication bias (P>0.05) among the studies.
Discussion: Compared with NCPAP, NIPPV can reduce the incidence of intubation, BPD, and mortality. 
The conclusions need to be confirmed via high-quality RCTs.
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Introduction

Respiratory distress syndrome (RDS) is the most common 
respiratory disease in newborns, especially premature 
infants (1-3). About 40% of RDS newborns require 
mechanical ventilation (4,5), which is a risk factor for 
adverse complications such as bronchopulmonary dysplasia 
(BPD) and atelectasis (6-8). Reducing endotracheal 
intubation and mechanical ventilation is an important goal 
in the clinical treatment of neonatal RDS (9). As a non-
invasive mode of ventilation, nasal continuous positive 
airway pressure (NCPAP) provides early respiratory support 
for RDS newborns (10-13). However, the therapeutic effect 
of NCPAP is not ideal, and about half of patients experience 
treatment failure.

Nasal intermittent positive pressure ventilation (NIPPV) 
is an essential non-invasive respiratory support model; it 
has been applied in clinics and has gradually become more 
popular. However, the specific mechanism of NIPPV 
has not been fully clarified. The increased pressure of 
NIPPV is transmitted to the lower respiratory tract. 
Increasing tidal volume and minute ventilation may be the 
primary mechanism of NIPPV in reducing endotracheal  
intubation (14). The increased pressure of NIPPV may be 
used as a stimulus to reduce the onset of apnea, increase 
mean airway pressure, increase lung volume, and support 
alveolar dilatation. NIPPV can also reduce physiological 
dead space and increase gas exchange by promoting the 
elimination of exhaled gas (14).

The efficacy of NIPPV and NCPAP are two different 
non-invasive ventilation modes. In terms of safety, they 
have considerable advantages, but there are controversies 
in the treatment efficacy of neonatal RDS. Previous 
studies (15,16) have shown that NIPPV can reduce the 
incidence of endotracheal intubation and BPD. No adverse 
events were observed in NIPPV and NCPAP. However, 
a recent randomized controlled trial (RCT) (17) reported 
no difference in the incidence of endotracheal intubation 
between NIPPV and NCPAP in the treatment of neonatal 
RDS. NIPPV does not provide benefits to RDS newborns 
in terms of mortality, BPD, sepsis, and atelectasis. We 
believed that the reasons for these differences in results are 
the selection bias of research objects and the small sample 

size. A previous meta-analysis (18) and its results update (19)  
showed that NIPPV could reduce the incidence of 
endotracheal intubation. However, this effect is conditional 
and cannot be promoted. Also, this meta-analysis (18) and 
results update (19) included fewer studies, and the results 
were limited to the benefits of NIPPV in reducing the 
demand for invasive ventilation. Therefore, we believe that 
a meta-analysis is necessary to compare the efficacy and 
safety of NIPPV and NCPAP in neonatal RDS. We present 
the following article in accordance with the PRISMA 
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-22-288/rc).

Methods

Literature retrieval

The literature search was conducted based on the literature 
retrieval was performed in PubMed, EMBASE, Medline, 
Central, China National Knowledge Infrastructure (CNKI), 
Wanfang and China Science Digital Library (CSDL) 
databases. The search terms were as follows: (“nasal 
intermittent positive pressure ventilation” OR “NIPPV”) 
AND (“nasal continuous positive airway pressure” OR 
“NCPAP”) AND (“respiratory distress syndrome” OR 
“neonatal respiratory distress syndrome” OR “RDS”). 
The search deadline was May 17, 2022, and there were no 
language restrictions.

Literature screening

Inclusion criteria: (I) subjects: newborns with RDS; (II) 
studies that had established both experimental and control 
groups; (III) the intervention measures of the experimental 
and control groups were NIPPV and NCPAP, respectively; 
(IV) the results included the incidence of intubation, BPD, 
or mortality; and (V) RCTs.

Exclusion criteria: (I) repeated reports and case reports; 
(II) studies with a poor balance of baseline data between 
the experimental and control groups; (III) other non-
invasive ventilation modes were applied in the experimental 
or control groups; (IV) literatures in which key data were 
missing and could not be supplemented.
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Data extraction

Two researchers extracted the data including the author, 
title, publication time, number of research cases, intubation 
needs, number of deaths, number of BPD cases, etc. The 
literature author was contacted in cases where the data 
missing. The two researchers resolved their differences of 
opinion through discussion. 

Literature quality evaluation

In this paper, two researchers used the revised Cochrane 
risk of bias tool for individually randomized, parallel group 
trials (RoB2.0) to evaluate the quality of the included RCT 
research. RoB consists of five items, namely randomization 
process, deviations from intended interventions, missing 
outcome data, measurement of the outcome, and selection 
of the reported result. The literature was divided into three 
categories: low risk of bias, high risk of bias, and uncertain. 
As long as there was a high risk of bias in one of all items, 
the literature had a high risk of bias. If all items had low risk 
of bias, the literature had low risk of bias. In addition to the 
above two cases, the risk of literature bias was uncertain.

Statistical method

The Cochrane software (RevMan5.3) was applied to 

analyze the data. The risk ratio (RR) and 95% confidence 
interval (CI) were used to describe the effect quantity. The 
Chi-square test was applied for heterogeneity assessment. 
When the I2>50% or P<0.1, there was heterogeneity among 
the included literature, and a random effects model was 
conducted. The causes of heterogeneity were explored via 
subgroup analysis. However, when the I2≤50% and P≥0.1, 
no heterogeneity existed among the published literature, 
and the fixed effects model was conducted. The funnel 
plot and egger test were used to test for publication bias. 
Sensitivity analysis was used to assess the effect of literature 
bias risk on the stability of results. Bilateral P<0.05 was 
considered to indicate statistical significance.

Results

Characteristics of included literature

We retrieved 1,867 literatures from the database, and finally 
selected 10 literatures for study (15-17,20-26). The 10 
literatures included 1,104 patients, 557 in the NIPPV group 
and 547 in the NCPAP group. The screening flow chart is 
shown in Figure 1. The characteristic information and risk 
of bias of the literatures are shown in Table 1. Among the 
literatures included in our analysis, 2 literatures had low risk 
of bias, 2 literatures had high risk of bias, and the rest had 
uncertain risk of bias (Table 2).

Records identified from:
• Databases (n=1,867)

Records removed before screening:
• Duplicate records removed (n=849)

Records screened
(n=1,018)

Records excluded after reading abstract
(n=723)

Full text unavailable (n=143)

Reports excluded:
• Other noninvasive ventilation mode 

(n=39)
• Study type (n=74)
• Critical data missing (n=29)

Reports sought for 
retrieval (n=295)

Reports assessed for 
eligibility (n=152)
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Figure 1 Literature screening flow chart.
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Table 1 The basic characteristics of the included literatures

Author Year Study type
No. of patients

Risk of bias 
NIPPV NCPAP

Bhandari (20) 2007 RCT 20 21 Low risk

Estay (17) 2020 RCT 112 108 Uncertain

Jasani (21) 2016 RCT 31 32 Uncertain

Kahramaner (22) 2014 RCT 39 28 Uncertain

Khalaf (23) 2001 RCT 34 30 High risk 

Sai Sunil Kishore (24) 2009 RCT 37 39 Uncertain

Kugelman (15) 2007 RCT 43 41 Low risk

Oncel (16) 2016 RCT 100 100 Uncertain

Ramanathan (25) 2012 RCT 53 57 High risk

Shi (26) 2014 RCT 88 91 Uncertain

NIPPV, nasal intermittent positive pressure ventilation; NCPAP, nasal continuous positive airway pressure; RCT, randomized controlled trial.

Table 2 The risk of bias of the included literatures

Author
Randomization 
process

Deviations from intended 
interventions

Missing 
outcome data

Measurement of  
the outcome

Selection of the 
reported results

Overall

Bhandari (20) Low risk Low risk Low risk Low risk Low risk Low risk

Estay (17) Uncertain Low risk Low risk Low risk Low risk Uncertain

Jasani (21) Low risk Uncertain Low risk Low risk Uncertain Uncertain

Kahramaner (22) Low risk Low risk Low risk Uncertain Low risk Uncertain

Khalaf (23) Low risk Low risk Low risk Low risk High risk High risk

Sai Sunil Kishore (24) Low risk Uncertain Low risk Low risk Low risk Uncertain

Kugelman (15) Low risk Low risk Low risk Low risk Low risk Low risk

Oncel (16) Low risk Uncertain Low risk Uncertain Low risk Uncertain

Ramanathan (25) Low risk Low risk Low risk Low risk High risk High risk

Shi (26) Low risk Low risk Low risk Uncertain Low risk Uncertain

Comparison of intubation rates between the NIPPV and 
NCPAP groups

A total of nine literatures were about to the incidence 
of intubation between the NIPPV and NCPAP groups. 
There were 537 RDS newborns in the NIPPV group, 101 
of whom required intubation, and 526 RDS newborns in 
the NCPAP group, 172 of whom needed intubation. The 
heterogeneity test showed that there was no heterogeneity 
among the studies (Chi2=12.46, P=0.13, I2=36%). NIPPV 
reduced the incidence of neonatal intubation in RDS 

newborns compared with NCPAP (RR =0.57, 95% CI: 
0.46–0.71, Z=5.11, P<0.00001, Figure 2). The funnel plot 
and egger test showed that the scatter points were biased to 
the left with publication bias (P<0.05, Figure 3).

Comparison of BPD incidence between the NIPPV and 
NCPAP groups

A total of eight literatures were included to compare the 
incidence of BPD between the NIPPV and NCPAP groups. 
In the NIPPV group, there were 484 RDS newborns 
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and 95 had BPD. There were 470 RDS newborns in the 
NCPAP group and 125 had BPD. The heterogeneity 
test showed that there was no heterogeneity among the 
studies (Chi2=11.93, P=0.10, I2=41%). NIPPV reduced 
the incidence of BPD in RDS newborns compared with 
NCPAP (RR =0.72, 95% CI: 0.57–0.91, Z=2.70, P=0.007, 
Figure 4). The funnel plot and egger test indicated the 
scatter points were distributed roughly symmetrical, and 
there was no publication bias (P>0.05, Figure 5).

Comparison of mortality between the NIPPV and NCPAP 
groups

Three literatures were included to compare the mortality 

between the NIPPV and NCPAP groups. There were 171 
RDS newborns in the NIPPV group and 15 died. There 
were 157 RDS newborns in the NCPAP group and 26 died. 
The heterogeneity test showed that there was heterogeneity 
among the studies (Chi2=3.25, P=0.20, I2=38%). NIPPV 
reduced the neonatal mortality rate of RDS compared with 
NCPAP (RR =0.55, 95% CI: 0.31–0.97, Z=2.08, P=0.04, 
Figure 6). The funnel plot and egger test indicated the 
scatter points were distributed roughly symmetrical, and 
there was no publication bias (P>0.05, Figure 7).

Discussion

Our meta-analysis showed that NIPPV could reduce the 
incidence of neonatal intubation, BPD, and mortality 
compared with NCPAP. Some previous studies have 
suggested that NIPPV can benefit RDS newborns. Bhandari 
et al. (20) compared the effects of NIPPV and NCPAP on 
the prognosis of newborns with RDS and found that NIPPV 
could significantly reduce the incidence of neonatal BPD 
and death. NIPPV and NCPAP were similar in preventing 
other diseases or complications. Also, the two treatments 
had similar effects on neonatal neurodevelopment. 
Kahramaner et al. (22) found that compared with NIPPV, 
NCPAP might increase the incidence of atelectasis and 
intubation in premature infants with RDS after treatment. 
However, no difference was observed in the incidence 
of BPD, sepsis, and pneumothorax between NIPPV and 
NCPAP, but children treated with NIPPV had a lower 
mortality rate. Khalaf et al. (23) demonstrated that NIPPV 

Figure 3 Funnel chart comparing the incidence of intubation 
between the NIPPV and NCPAP groups. SE, standard error; RR, 
risk ratio; NIPPV, nasal intermittent positive pressure ventilation; 
NCPAP, nasal continuous positive airway pressure.

Figure 2 Forest map comparing the incidence of intubation between the NIPPV and NCPAP groups. NIPPV, nasal intermittent positive 
pressure ventilation; NCPAP, nasal continuous positive airway pressure.
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significantly reduced the incidence of reintubation in RDS 
newborns after treatment, as compared with NCPAP. 
Moreover, the benefits offered by NIPPV may be more 
significant if the child’s weight is controlled. There was no 
difference in apnea or bradycardia between the two groups. 

Also, children with NIPPV had better pulmonary 
dynamic compliance. Sai Sunil Kishore et al. (24) suggested 
that NIPPV could reduce the proportion of intubation 
and mechanical ventilation in RDS newborns. The 
efficacy of NIPPV was superior to NCPAP in newborns 
at 28–30 and 31–34 weeks, which was independent 
of the use of surfactants. Sai Sunil Kishore et al. (24) 
suggested that premature infants with a high-RDS risk 

could be treated with NIPPV. Kugelman et al. (15)  
showed that the incidence of endotracheal intubation in 
RDS preterm infants treated with NIPPV was lower than 
that in those treated with NCPAP. The efficacy advantage 
of NIPPV is more significant in preterm infants with low 
body weight and small for gestational age. 

NIPPV significantly reduced the incidence of BPD 
in premature infants with RDS. This trend still exists in 
preterm infants weighing less than 1500g. In their study 
of 200 premature infants with RDS, Oncel et al. (16) 
showed that NIPPV could reduce the proportions of RDS 
premature infants requiring surfactant treatment as well 
as the use of surfactant (16). The incidence of intubation 
and BPD in children treated with NIPPV was lower than 
in those treated with NCPAP. Oncel et al. (16) suggested 
that premature infants with a gestational age of 26– 
32 weeks should be treated with NIPPV instead of NCPAP 
after RDS. Ramanathan et al. (25) showed that NIPPV was 
more effective than NCPAP in preterm infants <30 weeks.  
Furthermore, NIPPV could reduce the proportion of 
children’s need for invasive ventilation and the treatment 
time of invasive ventilation. NIPPV also reduced the 
incidence of pathological BPD. 

Shi et al. (26) compared the efficacy of NIPPV and 
NCPAP on RDS in both preterm and term infants. NIPPV 
reduced the incidence of intubation and the need for 
mechanical ventilation. This result was observed in both 
preterm and term infants. The food intake and body weight 
of the children in the NIPPV group were higher than 
those in the NCPAP group. Thus, NIPPV can improve the 
prognosis of children with RDS.

Figure 5 Funnel chart comparing the incidence of bronchopulmonary 
dysplasia incidence in the NIPPV and NCPAP groups. SE, 
standard error; RR, risk ratio; NIPPV, nasal intermittent positive 
pressure ventilation; NCPAP, nasal continuous positive airway 
pressure.

Figure 4 Forest map comparing the incidence of bronchopulmonary dysplasia between the NIPPV and NCPAP groups. NIPPV, nasal 
intermittent positive pressure ventilation; NCPAP, nasal continuous positive airway pressure.
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The above research results support that NIPPV can 
benefit RDS newborns by reducing invasive ventilation. 
However, different views have been proposed in some 
literatures. Jasani et al. (21) showed NCPAP and NIPPV 
had similar incidence of intubation in premature infants 
with RDS. NIPPV also has advantages in reducing the 
oxygen inhalation time and the incidence of BPD. Another 
recent RCT (17) showed that NIPPV and NCPAP had 
similar effects on neonatal RDS; there was no reported 
difference in the incidence of intubation, BPD, and 
mortality between the NIPPV and NCPAP groups. 
Moreover, there was also no difference in the incidence of 
intraventricular hemorrhage, pneumothorax, and invasive 
ventilation time between the two groups.

A previous meta-analysis showed that (18) NIPPV could 
reduce the need for invasive ventilation in preterm infants 
but could not reduce the incidence of BPD. However, 

only three studies were included in this meta-analysis, and 
the number of cases was small. Li et al. (19) updated the 
results of this meta-analysis; they believe that the efficacy 
of NIPPV is limited and may be related to the weight 
and gestational age of premature infants. However, their 
study was limited to the benefit of NIPPV in terms of 
the incidence of intubation. We suggest that compared 
with NCPAP, NIPPV can provide benefits in terms of the 
incidence of intubation, BPD, and mortality.

There were some defects in our study. Firstly, there 
were not enough included literatures and small sample size; 
secondly, some included literatures had high risk of bias. 
These may have had an impact on the results.

In conclusion, compared with NCPAP, NIPPV can 
reduce the incidence of intubation, BPD, and mortality of 
NCPAP. The conclusions need to be confirmed via high-
quality RCTs.
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