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ABSTRACT 

Introduction: Nasal bubble continuous positive airway pressure 
(NBCPAP) is a modality used for respiratory distress in newborns 
and provides respiratory support by preventing atelectasis and 
reducing the work of breathing. The objective of this study was to 
determine the efficacy, outcomes and complications of NBCPAP 
in term and preterm newborns requiring NBCPAP. 
Methods:A prospective observational study was conducted on 75 
neonates with mild to moderate respiratory distress requiring 
respiratory support from August 2020 to December 2020.  
Assessment of baseline characteristics, indications, complications 
and outcomes of NBCPAP was carried out on the studied 
newborns. Outcomes were considered as either success 
(improvement) or failure (need for mechanical ventilation). 
Results: The median gestational age was 38 weeks (IQR:35-39 
weeks). The median birth weight was 2600 gm (IQR: 2000- 3000 
gm).  The commonest indication for the requirement of NBCPAP 
was neonatal sepsis (34%). A total of 65 (86.7%) neonates could 
be successfully weaned off NBCPAP. Complications were noted in 
23 neonates. Modified Downes score on admission (adjusted OR 
5.34, 95% CI 1.75- 16.35) and gestational age (adjusted OR 0.68, 
95% CI 0.51- 0.92) were independent predictors of failure of 
NBCPAP. 
Conclusions: NBCPAP can be successfully utilised in preterm and 
term babies with mild to moderate respiratory distress. The major 
predictors of failure of NBCPAP are decreasing gestational age 
and increasing Downes score. 
Keywords: Downes score; neonates; respiratory distress; 
respiratory support 
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INTRODUCTION 
Nasal bubble continuous positive airway pressure 
(NBCPAP) is a respiratory support delivered to a 
spontaneously breathing patient.1 It is a non-
invasive ventilator support and an essential 
component of neonatal care which has contributed 
towards an improved overall outcome in the 
management of neonates with respiratory      
distress.2,3 By utilising NBCPAP, positive end 
expiratory pressure (PEEP) is delivered through a 
water column using a bottle or bag which supports 
the respiratory system by preventing atelectasis, 
maintaining airway stability and stabilising the 
chest wall.4,5 

NBCPAP is used in respiratory distress syndrome 
(RDS), meconium aspiration syndrome (MAS), 
congenital pneumonia, transient tachypnea of the 
newborn (TTNB), pulmonary edema, apnea and 
post extubation in neonates. It can be used as a first 
line respiratory support and has shown to decrease 
the requirement of mechanical ventilation.3 
NBCPAP has gained popularity due to its simple 
mechanism; it is easily assemblable, cost effective 
and has shown good results without significant 
complications.6-8 Complications noted include skin 
abrasions, necrosis of the nasal septum, 
pneumothorax, gastric distention and feeding 
intolerance.9 

Data regarding NBCPAP have been found to be 
lacking in Western Nepal. Therefore this study has 
been conceptualised to determine the efficacy, 
outcomes and complications of NBCPAP in 
neonates requiring respiratory support in Manipal 
Teaching Hospital, Pokhara, Nepal. 

METHODS 
This was a hospital based prospective observational 
study carried out in the neonatal intensive care unit 
(NICU) of Manipal Teaching Hospital, Pokhara, 
Nepal from August 2020 to December 2020. 
Newborns above 26 weeks of gestational age and 
up to 28 days of life were included in the study. 
Neonates wi th respi ra tory d is t ress , but 
spontaneously breathing and meeting the criteria to 
be commenced on continuous positive airway 
pressure (CPAP) were started on NBCPAP. The 
criteria used in NICU for the instigation of 
NBCPAP were: babies not maintaining saturation 
(SPO2 < 90%) on oxygen delivered via nasal 

prongs or oxygen hood box,1babies with ≥ 3 
episodes of apnea over an hour,1babies with 
Downes’ score of ≥ 3.1,10 (A score of 3 was 
considered mild respiratory distress and scores 4 - 6 
was considered as moderate respiratory distress). 
Exclusion criteria included neonates with 
congenital anomaly such as oro-facial deformity 
including cleft lip and palate, trachea-esophageal 
fistula, congenital diaphragmatic hernia and a 
Downes score of ≥ 7 requiring intubation. Sample 
size was calculated based on single population 
proportion formula using efficacy of NBCPAP of 
87% from a similar study, margin of error of 0.08 
and Z - score of 1.96 for 95% confidence interval.11 
A 10% non-response rate was added and so a total 
of 75 consecutive neonates requiring NBCPAP was 
the calculated sample size. NBCPAP that was 
utilised in our study was a self-setup system. It was 
administered using a circuit of tubing attached to 
central oxygen source with a humidifier. Neonatal 
nasal prongs was used as the interface for setting up 
the CPAP system and a water seal bag was filled to 
a predetermined level with sterile water to generate 
the PEEP to the depth to which the expiratory limb 
of the CPAP was immersed. PEEP was started at 5 
cm H2O and increased up to 8 cm H2O depending 
on the neonates response measured by the SPO2, 
severity of chest retractions and Downes score. 
NBCPAP was considered to be successful if the 
baby could be weaned off using the following 
criteria- respiratory rate < 60/minute, no or minimal 
chest retractions, SPO2> 95% maintained with 
oxygen delivered via nasal prongs or hood box 
after weaning from the NBCPAP for four 
consecutive hours and Downes score of <3.We 
considered NBCPAP to have failed if the child 
needed intubation and mechanical ventilation based 
on a respiratory rate > 60/minute with SPO2< 90% 
on a PEEP of 8 cm H2O, a Downes score of ≥ 7 or 
if the baby had recurrent apneic episodes. In 
addition to the NBCPAP, the study subjects 
received standard and specific treatment in 
a c c o r d a n c e w i t h t h e i r s p e c i f i c 
diagnosis.Demographics of the neonates, diagnosis, 
age at the start of NBCPAP, its duration, outcome 
and complications of the baby was recorded. Both 
descriptive and analytical statistical analyses were 
done using Statistical Package for Social Sciences 
(SPSS) version 23. All categorical variables were 
compared for the study outcome by using the 
Fisher exact test or χ2 test, and continuous 
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variables were compared using the t test or the 
Mann-Whitney U test, as appropriate. Continuous 
data were expressed as mean (SD) or median 
{interquartile range (IQR)} values. Multivariate 
logistic regression was performed to determine the 
independent predictors of outcome. P< 0.05 was 
considered statistically significant.   

RESULTS 
The study population included 75 neonates 
requiring NBCPAP. The median age was four days 
(IQR: 1 - 6 days, Range: 1 - 18 days) and 43 
(57.3%) were males. The median gestational age 
according to New Ballard’s score was 38 weeks 
(IQR: 35-39 weeks), out of which 34 (45.3%) were 
premature. The median birth weight was 2600 gm 
(IQR: 2000 - 3000 gm), of which 34 (45.3%) were 
low birth weight. The number of babies born via 
cesarean section was 32 (42.7%). More than 90% 
of mothers had no underlying illness. The most 
common indication of NBCPAP was neonatal 
sepsis {34% (25)} followed by RDS. Based on 
modified Downes score, 41 (54.7%) neonates had 
mild respiratory distress and 34 (45.3%) had 
moderate respiratory distress on admission. The 
neonates required NBCPAP for a median of three 
days (IQR: 2 - 4 days). A total of 65 (86.7%) 
neonates could be weaned off successfully of 
NBCPAP including nine (12%) neonates leaving 
against medical advice and two (2.7%) neonates 
who were referred to higher centres. These 
neonates were weaned off before discharge. 
Remaining ten needed intubation and mechanical 
ventilation for desaturation and deteriorating 
modified Downes score despite maximum 
permissible FiO2 and PEEP. However, only five of 
these cases survived. All of the mortality cases 
were preterm babies with respiratory distress 
syndrome. The median hospital stay was five days 
(IQR: 4 - 9 days). In our study, 23 (30.7%) 
neonates had one or more complications of 
NBCPAP, out of which all cases of failure had 
complications. The most frequent complication was 
abdominal distension in 10 (13.3%) neonates 
although oro-gastric tube was placed in all neonates 
on NBCPAP. The baseline characteristics and 
outcome of these neonates are presented in Table 1. 

Compared with neonates who were successfully 
weaned off (n = 65), those requiring further 
interventions (n = 10) were pre-term {38 weeks 

(IQR: 36.5 - 39 weeks) vs. 32 weeks (IQR: 28 - 37 
weeks), p < 0.001} with low birth weight {2700 gm 
(IQR: 2095 - 3130 gm) vs. 1600 gm (IQR: 982.50 - 
2650 grams), p < 0.001} and higher modified 
Downes score on admission {(Median: 3 vs. 5), p < 
0.001}. Failure cases tend to be on NBCPAP for 
more number of days as compared to neonates who 
didn’t require intubation {2 days (IQR: 2 - 4 days) 
vs. 5 days (IQR: 2 - 5.25 days), p < 0.001}. Also, 
these neonates were more likely to have 
complications of NBCPAP (p < 0.001). All the 
failure cases had one or more complications. 

Table 2 shows the results of multivariate logistic 
regression model. Modified Downes score on 
admission {adjusted odds ratio (OR) 5.34, 95% 
confidence interval (CI) 1.75- 16.35} and 
gestational age {adjusted OR 0.68, 95% CI 0.51 -  
0.92} were independent predictors of failure of 
NBCPAP. 

DISCUSSION 
The importance of CPAP is well demonstrated in 
high resource settings but this study examines the 
use of a locally made system in an under resourced 
setting in neonates. This study demonstrates the use 
of NBCPAP in both full term and preterm neonates 
with respiratory distress. Most of the newborns in 
our study were term neonates (60%). This finding 
is the similar to a study carried out in Kathmandu 
Medical College, Kathmandu, Nepal where it was 
observed that 60% of their study population was 
term.12 These findings suggest that the availability 
of this respiratory support is useful to all the 
neonates developing respiratory distress and not 
just to preterm neonates who are more prone to 
develop RDS.      

Neonatal sepsis was seen as the commonest 
indication for NBCPAP in our study. However, 
many studies presented RDS as the commonest 
indication of NBCPAP.1,4,13,14 The explanation for 
this is that in our study, most of the neonates 
included were term whereas it was seen that the 
proportion of preterms were higher in the compared 
studies and respiratory distress is more common in 
preterms. Also, it is possible that some of our cases 
of preterm with RDS did not meet our inclusion 
criteria and were put on mechanical ventilator since 
the start of admission due to a high Downes score. 
Other diagnosis for the indications of NBCPAP in 
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Table 1. Baseline characteristics and outcome of neonates on NBCPAP 

Characteristics Total (No, %) 
(N = 75)

Success, (No, %)  
(N = 65)

Failure, (No, %)  
(N = 10)

p - value

Gender 
Male 
Female

43(57.3) 
32 (42.7)

36 (55.4) 
29 (44.6)

7 (70.0) 
3 (30.0)

0.384

Gestational age  (weeks) Median (IQR) 
< 34  
34 - < 37  
> 37 

38 (35-39) 
11 (14.7) 
23 (30.7) 
41 (54.7)

38 (36.5-39) 
5 (7.7) 

21 (32.3) 
39 (60.0)

32 (28-37) 
6 (60.0) 
2 (20.0) 
2 (20.0)

< 0.001

Age of baby(days) Median (IQR) 4 (1-6) 4 (2-6.5) 1 (1-5.25)
Birth weight  (grams) Median (IQR) 

< 1500 
1500 - 2499 
> 2500

2600 (2000 - 3000) 
5 (6.7) 

29 (38.7) 
41 (54.7)

2700 (2095 - 3130) 
1 (1.5) 

26 (40.0) 
38 (58.5)

1600 (982.5 - 2650) 
4 (40.0) 
3 (30.0) 
3 (30.0)

< 0.001

Mode of delivery 
Vaginal 
Instrumental 
Cesarean section

39 (52.0) 
4 (5.3) 

32 (42.7)

34 (52.3) 
3 (4.6) 

28 (43.1)

5 (50.0) 
1 (10.0) 
4 (40.0)

0.779

Initial modified Downes score (Median) 
Mild (Score 3) 
Moderate (Scores 4 - 6)

3 
41 (54.7) 
34 (45.3)

3 
41 (63.1) 
24 (36.9)

5 
0 (0) 

10 (100)

< 0.001

Diagnosis 
Neonatal sepsis 
Respiratory distress syndrome 
Meconium aspiration syndrome 
Perinatal asphyxia 
Transient tachypnea of newborn 
Congenital Pneumonia

25 (33.3) 
20 (26.7) 
10 (13.3) 

6 (8.0) 
6 (8.0) 

8 (10.7)

25 (38.5) 
12 (18.5) 
8 (12.3) 
6 (9.2) 
6 (9.2) 

8 (12.3)

0 (0) 
8 (80.0) 
2 (20.0) 

0 (0) 
0 (0) 
0 (0)

_

Duration of hospital stay in days, 
Median (IQR) 

< 3 
3 - 6 
7 - 13 
> 14

5 (4-9) 

6 (8.0) 
48 (64.0) 
17 (22.7) 

4 (5.3)

5 (4-8) 

6 (9.2) 
42 (64.6) 
14 (21.5) 

3 (4.6)

6.5 (5.75 - 11.50) 

0 (0) 
6 (60.0) 
3 (30.0) 
1 (10.0)

0.638

Duration on NBCPAP  (days) Median 
(IQR) 

1 - 2 
3 - 4 
> 4

3 (2-4) 

36 (48.0) 
24 (32.0) 
15 (10.0)

2 (2-4) 

33 (50.8) 
24 (36.9) 
8 (12.3)

5 (2-5.25) 

3 (30.0) 
0 (0) 

7 (70.0)

< 0.001

Maternal illness 
None 
Pregnancy induced Hypertension 
Gestational Diabetes mellitus 
Systemic Hypertension

68 (90.7) 
5 (6.7) 
1 (1.3) 
1 (1.3)

60 (92.3) 
3 (4.6) 
1 (1.5) 
1 (1.5)

8 (80.0) 
2 (20.0) 

0 (0) 
0 (0)

0.317

Final outcome 
Discharged 
Leave Against Medical Advice 
Referred 
Death

59 (78.7) 
9 (12.0) 
2 (2.7) 
5 (6.7)

_ _ _

Complications 
Abdominal distension 
Recurrent apnea 
Skin abrasions 
Nasal septum necrosis

23 (30.7) 
10 (13.3) 
9 (12.0) 
9 (12.0) 
6 (8.0)

13 (20.0) 
6 (9.2) 

0 (0) 
7 (10.8) 
2 (3.1)

10 (100)a 
4 (40.0) 
9 (90.0) 
2 (20.0) 
4 (40.0)

-

Total number of complications 
No complication 
One complication 
Two complications 
Three complications

52 (69.3) 
13 (17.3) 
9 (12.0) 
1 (1.3)

52 (80.0) 
11 (16.9) 

2 (3.1) 
0 (0)

0 (0) 
2 (20.0) 
7 (70.0) 
1 (10.0)

< 0.001

a. Sum of percentage is more than 100 as neonates had more than one complication. 
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our study were similar to those cited in other 
studies though the order of frequencies varied.1,12-14 

Several studies have shown higher need for 
respiratory assistance in males.14,15 Females have 
higher levels of surfactant synthesis in intrauterine 
life explained by different gender related hormonal 
profiles and this is reflected in our study as  
majority of the patients were males (57.3% vs 
42.7%). In our study 65 (86.7%) newborns were 
successfully weaned off NBCPAP whereas 10 
(13.3%) needed intubation. Our failure rate is 
comparable to that reported by Abdulkadir et al.
(15%) and less than 20% and 25% documented by 
Urs PS et al. and Koti et al. respectively.1,4,5 Lower 
failure rates in our setting could be attributed to the 
differences in inclusion criteria of the cases 
involved as in the study by Koti et al., where 
Downes score of  > 7 was included.5 Therefore, we 
can infer that the included cases being analysed in 
our study were of a less severe nature resulting in 
lower failure rates. Modified Downes score also 
emerged as one of the predictors of failure of 
NBCPAP in our study. It was seen that for each 
increase in number of the score, the chances of 
failure of NBCPAP increased by 5.34 times. 
Observations made by Abdulkadir et al. and Koti et 
al. support this findings.1,5 

Twenty-three (30.7%) of the 75 neonates developed 
complications, the most frequent being abdominal 

distension {10 (13.3%)}. It was transient and not 
life threatening and resolved by aspirating air from 
oro-gastric tube. Similar observations were made in 
a study by Ahmed et al.16  Skin abrasions in  nasal 
area and cheeks was found in nine (12%) cases, 
whereas Mathai et al. reported  30%  cases of skin 
abrasions.9 Their study  consisted of only preterm 
babies whose skin is more delicate and fragile. 
Complications were not seen in 69.3% of our 
patients which is similar to the observation made 
by Ahmed et al where 75% of their patients had no 
complications relating to NBCPAP.16                

In this study, low gestational age was one of the 
predictors for failure of NBCPAP which was in 
agreement with studies by Adb-Allah et al., Arora 
V et al. and Pillai MS et al.16-18 Prematurity is 
related to apnea and cardiovascular instability 
which results in increased severity of disease 
necessitating mechanical ventilator and thus failure 
of NBCPAP. Ten newborns needed to be shifted to 
mechanical ventilation due to worsening condition. 
Out of this, five babies died with mortality rate of 
50%. Abd-Allah et al. reported similar figures of 
53.33% mortality among ventilated patients.14 

CONCLUSIONS 
This study demonstrates the feasibility of 
successfully utilising NBCPAP in term and preterm 
babies with respiratory distress. With this, we can 
conclude that for those health personnel who are 
providing care to neonates in a low resource 
country like Nepal where there is a paucity of 
ventilators, delivery of NBCPAP is an effective 
system that can be used for respiratory distress.  
The major predictors of failure in our study were 
decreasing gestational age and increasing Downes 
score.  The success rate with this system was 86.7% 
in our study. 
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