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ABSTRACT
Objective: To compare the eﬀectiveness of bubble continuous positive airway pressure (bCPAP) and oxygen inhalation via
nasal cannula in neonates presenting with respiratory distress, using Silverman Anderson Retraction Score (SARS).
Study Design: Randomised clinical trial.
Place and Duration of Study: Department of Paediatrics, Unit-1, KEMU/Mayo Hospital, Lahore, Pakistan, from April 2017 to
June 2018.
Methodology: A total of 120 neonates fulﬁlling inclusion and exclusion criteria were enrolled and were randomly allocated in
two groups: Group A and Group B. In group A, neonates were given bCPAP for respiratory support, while neonates in group B
were given nasal oxygen as control group. Neonates in both groups were followed for 48 hours. The eﬀectiveness was determined by the reduction in SARS, up to or less than score 3, at the end of a 48-hour period. Data were collected and analysed by
SPSS version 20.0. P-value ≤0.05 was taken as signiﬁcant.
Results: In Group A, eﬀectiveness was found to be 93.3%, and in Group B eﬀectiveness was 71.7% (p = 0.003). Median reduction in SARS from 00 to 48 hours, in group A (bCPAP) was 4 (4 – 5) while in group B (control), it was 3 (2 – 3); statistically signiﬁcant (p <0.001).
Conclusion: Bubble CPAP was more eﬀective than nasal oxygen alone, in treatment of respiratory distress among neonates.
This study suggested that bCPAP should be used more frequently in NICUs of Pakistan to reduce burden of neonatal morbidity
due to respiratory distress.
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INTRODUCTION
Neonatal mortality comprises of 41% of under-ﬁve mortality
1
rate. Four million neonates die every year all over the world
and 98% of these deaths are solely accounted for by the developing countries.2 Respiratory ailments are major contributor to
the neonatal mortality and one-ﬁfth of the neonatal deaths in
developed world are caused by respiratory diseases alone.3,4
Bubble CPAP is one of the major advancements developed for
the management of respiratory distress.1,5 According to a
review article, use of continuous positive airway pressure has
6
increased by almost 5% over the last decade in US.
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However, in developing countries, there is a need for accessible and cost-eﬀective methods for providing ventilator assistance to neonates with respiratory distress.1
Bubble CPAP (bCPAP) is a non-invasive technique used
successfully in developed countries as well as resource1,3,4,7
limited countries including Malawi, India and Pakistan.
Currently, multiple studies for comparing eﬀectiveness of
nasal oxygen therapy and bCPAP are being conducted and it is
speculated that bCPAP use will increase survival rates up to
70%.5
A few studies conducted specially in preterm babies have
shown that the use of CPAP, as an early intervention, has
resulted in decreased incidence of chronic lung disease as well
as of non-respiratory co-morbidities.8
This technique makes use of a basic principle of providing positive airway pressure during both inspiration and expiration,
helps maintaining lung recruitment, increases FRC,
decreases ventilation-perfusion mismatch and decreases the
work of breathing.9
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Table I: Demographic characteristics of study population (n=120)
Group A (bCPAP)
n=60

Group B (nasal oxygen)
n=60

Total
n=120

p-value

Gender
Male
Female

32 (53.3%)
28 (46.7%)

33 (55%)
27 (45%)

65 (54.2%)
55 (45.8%)

0.855

Gestational age (in weeks)
Median (IQR)
Preterm (32w-37w)
Term (≥37w)

38 (36 – 39)
16 (26.7%)
44 (73.3%)

38 (37 – 39)
13 (21.7%)
47 (78.3%)

38 (37 – 39)
29 (24.2%)
91 (75.8%)

0.473
0.522

Patient’s age at admission (in days)
Median (IQR)
0-7 days
7-28 days

1 (1 – 8)
44 (73.3%)
16 (26.7%)

1 (1 – 6.75)
46 (76.7%)
14 (23.3%)

1 (1 – 7.75)
90 (75%)
30 (25%)

0.984
0.673

2.8 (2.125 – 3)
19 (31.7%)
41 (68.3%)

2.7 (2.2 – 3)
23 (38.3%)
37 (61.7%)

2.7 (2.2 – 3)
42 (35%)
78 (65%)

0.829
0.444

Weight (in Kg)
Median (IQR)
LBW (1.5Kg -2.5Kg)
Normal wt (≥2.5Kg)

n = Total number of sample population; IQR= Inter-Quartile Range (Q1-Q3).
p-values for demographic data are signiﬁcant showing that the data are comparable.
Table II: Comparison of eﬀectiveness between both groups (n=120).
Group A (bCPAP)

Group B (nasal oxygen)

Total

p-value

56 (93.3%)
4 (6.7%)

43 (71.7%)
17 (28.3%)

99 (82.5%)
21 (17.5%)

0.003*

SARS at 00 hours Median (IQR)

6 (6 – 7)

6 (5 – 6)

6 (5 – 7)

<0.001**

SARS at 48 hours Median (IQR)

2 (2 – 3)

3 (2 – 3)

3 (2 – 3

<0.001**

Δ SARS 00-48 H *** Median (IQR)

4 (4 – 5)

3 (2 – 3)

4 (2.5 – 4)

<0.001**

Eﬀectiveness
Yes
No

*By applying Fisher’s exact test; p-value = signiﬁcant. **By applying Mann-Whitney U-test; p-value = signiﬁcant.
***Δ SARS 00-48 H = Change / reduction in SAR score from 00 hours to 48-hours, is more in group A as compared to group B, which is also statistically signiﬁcant.

Table III: Distribution of patients according to severity of SAR score (n = 120).
Silverman Anderson Retraction Score
No. of patients
(percentage)

0-3
(Mild respiratory distress)

7-10
(Severe respiratory distress-implies impending
respiratory failure)

4-6
(Moderate respiratory distress)

0

1

2

3

4

5

6

7

8

9

10

Group A (n)

-

-

-

-

Group B (n)

-

-

-

-

1 (1.7)

5 (8.3)

6 (10)

23 (38.3)

26 (43.3)

18 (30)

10 (16.7)

-

-

22 (36.7)

7 (11.7)

2 (3.3)

-

Total (n)

-

-

-

-

7 (5.8)

-

28 (23.3)

48 (40)

25 (20.8)

12 (10)

-

-

Group A (n)

5 (8.5)

7 (11.9)

25 (42.4)

19 (32.2)

Group B (n)

1 (1.7)

2 (3.4)

14 (24.1)

28 (48.3)

3 (5.1)

0

-

-

-

-

-

11 (19)

2 (3.4)

-

-

-

-

Total (n)

6 (5.1)

9 (7.7)

39 (33.3)

47 (40.2

14 (12)

-

2 (1.7)

-

-

-

-

-

At 00 hours

At 48 hours

Δ SARS (Change in SAR Score from 00 to 48 hours)
0

1

2

3

4

5

6

7

8

9

10

Group A (n)

-

0

1 (1.7)

6 (10.2)

28 (47.5)

20 (33.9)

3 (5.1)

1 (1.7)

-

-

-

Group B (n)

-

4 (6.9)

24 (41.4)

20 (34.5)

8 (13.8)

2 (3.4)

0

0

-

-

-

Total (n)

-

4 (3.4)

25 (21.4)

26 (22.2)

36 (30.8)

22 (18.8)

3 (2.6)

1 (0.9)

-

-

-

n = Number of patients. More number of patients in group A had higher scores at 00-hours (more severity) and lower scores at 48-hours (reduced severity). Reduction in SAR score (ΔSARS)
was greater in group A, after application of bCPAP, as compared to that in group B.

Many home-made, low-budget designs have been used
keeping in mind the basic combination of (i) an oxygen source,
(ii) pressure generating system and (iii) a patient interface.7,9

In a randomised trial, 71% neonates in bCPAP group
survived compared to 44% neonates in nasal oxygen group
during the course of study (p=0.006).4 It was concluded that
the eﬀectiveness of bCPAP was 27% in terms of survival.4
806

Improvement in severity of respiratory distress after implementing bCPAP could also be measured in terms of reduction in Silverman Anderson Retraction Score (SARS). 3,10
According to a study conducted in Uganda, the average
SARS was 7.4±1.3 before starting bCPAP, 5.2±2.3 after 2-4
hours, 4.9±2.7 after 12-24 hours, and 3.5±1.9 at the end of
study.10
Through literature review, it was noticed that bCPAP was
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preferred as compared to conventional nasal oxygen and
also resulted in signiﬁcant reduction in need for mechanical
ventilation. However, very few evidences have been found in
literature regarding use of bCPAP in NICUs across Pakistan
11
and its eﬀectiveness. This study will be an addition to the
native data regarding eﬀectiveness of bCPAP; not only in
preterm neonates, but in term neonates as well.12
The objective of this study was to compare the eﬀectiveness
of bubble continuous positive airway pressure (bCPAP) and
oxygen inhalation via nasal cannula in neonates presenting
with respiratory distress, using Silverman Anderson Retraction Score (SARS).

METHODOLOGY
Sample size of 120 neonates was calculated with 95% conﬁdence of interval and 80% power of test using WHO calculator. After approval from Institutional Review Board of King
Edward Medical University/Mayo Hospital Lahore (Ref No.
126/RC/KEMU Dated:05/10/2016), neonates fulﬁlling inclusion
and exclusion criteria were enrolled in the study from the
neonatal section of Paediatric Medicine Department, KEMU/Mayo Hospital, Lahore, from April 2017 to June 2018. They
were randomly allocated in two groups by using lottery
method. Written informed consent was obtained from
parents. Demographics (name, age, gestational age at birth,
birth weight) were recorded. The inclusion criteria included
neonates with gestational ages ≥32 weeks, having respiratory distress (as per operational deﬁnition — respiratory rate
>60/minutes plus any of the following features: grunting,
subcostal/intercostal retractions, nasal ﬂaring, inability to
maintain spO2 >90% at room air) and having Silverman
Anderson Retraction Score ≥4. The exclusion criteria included
neonates having gestational age less than 32 weeks and birth
weight less than 1.5 Kgs. Neonates having congenital malformations, air leak syndromes, hypoxic ischemic encephalopathy and those developing apnea or requiring mechanical
ventilation at the time of admission were also not included.

In group A, bCPAP was applied to neonates; while neonates
in group B, were given nasal oxygen as control. The bCPAP
was made using an oxygen ﬂow meter as the oxygen
source. This inspiratory limb containing oxygen from the
ﬂow meter was connected to humidiﬁer and tubing from
humidiﬁer was connected to short binasal prongs, which
were applied to neonate with the help of adhesive bandage
on both cheeks. It was ensured that binasal prongs make
appropriate seal. An orogastric tube was placed for gastric
decompression. A 1000 ml bottle was ﬁlled with sterile water
and marks were made on it at 1cm distance, with ‘10’
marked at base and ‘0’ marked at the water interface.
The expiratory limb from the nasal prongs was connected to
tubing that was dipped in water up to the desired level to
provide positive end expiratory pressure. Pressure was
varied by varying the depth of the dipped end of tubing.

In nasal oxygen group, oxygen was delivered via a nasal
cannula from a wall oxygen source. The oxygen was delivered
between 1 to 6 L/min and the rate was varied via a ﬂow regulator. Neonates in both groups were followed-up for 48 hours.
Silverman Anderson Retraction Score (SARS) was recorded at
0 and 48 hours13. It consists of ﬁve components: chest retractions, retraction of the lower intercostal muscles, xiphoid
retractions, ﬂaring of nares with inhalation and grunting on
exhalation. Each of the ﬁve factors is graded 0, 1 and 2. The
sum of these factors yields the total score; minimum score is
‘0’ and maximum score is ‘10’. The higher the score, the
greater is the severity of respiratory distress. So the severity
of respiratory distress can be graded according to the SAR
score as mild (score 0-3), moderate (score 4-6) and severe
(score 6-10). A score of ≥6 implies impending respiratory
failure and a need to escalate the respiratory support.14
Eﬀectiveness was recorded as ‘positive’ in case of reduction
in SARS score ≤3. A cut-oﬀ of score ‘3’ was taken. So if the
score of 3 or less than 3 was achieved with bCPAP or with
nasal oxygen after 48 hours of intervention, the intervention
was considered to be eﬀective.
The data was collected and analysed by SPSS v20.0.
Normality test, i.e. Shapiro-Wilk test was used to assess the
normality of quantitative variables. Quantitative variables
were presented as Median (IQR). SAR score of both groups
was compared using Mann-Whitney U-test. Qualitative variables were presented as frequency and percentages. Both
groups were compared using Chi-square/Fisher’s exact test.
P-value ≤0.05 was considered as signiﬁcant. Median reduction in SARS in both groups and their diﬀerence was also
calculated. Data were stratiﬁed for gender, gestational age,
birth weight and age at admission.

RESULTS
A total of 120 neonates were enrolled in this study – 60 in
each, Group A (bCPAP) and Group B (Control). In Group A, 32
(53.3%) neonates were males and 28 (46.7%) neonates were
females. Whereas, in Group B, 33 (55%) neonates were males
and 27 (45%) neonates were females. (Table I)
Eﬀectiveness was compared between the groups by using
13
Silverman Anderson Retraction Score (SARS). In Group A, 56
out of 60 neonates (93.3%) achieved a score of ≤3; and in
Group B, 43 out of 60 neonates (71.7%) achieved a score of
≤3, with a p-value of 0.003 that was signiﬁcant. (Table II)

Median reduction of SARS score in both the groups (bCPAP
and control group) was calculated using Mann-Whitney Utest for each group separately. Median reduction in SARS in
Group A (bCPAP) was 4 (4 – 5), while in Group B (control) it
was 3 (2 – 3, p <0.001).
Patients in Group A (bCPAP) included more number of
patients with higher SAR score, as compared to Group B
(nasal oxygen), at the time of commencement of study (00
hours), as shown in Table III. Whereas, more number of
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patients achieved a lower SAR score in Group A at the end of
‘48 hours’ as compared to those in Group B. Which means
that the patients in Group A, had a greater change in SAR
score from 00 to 48 hours, which was termed as “deltaΔ
SARS”, as compared to patients in Group B. So the reduction
in severity of respiratory distress was clearly more in Group A
as compared to Group B; and this comparison was also clinically and statistically signiﬁcant.

trial done to study the eﬀectiveness of bCPAP.4 The primary
outcome in this study was the improvement in severity of respiratory illness, and not the overall reduction in mortality or
cost- eﬀectiveness. The modality of CPAP has signiﬁcantly
reduced the burden of morbidity due to respiratory diseases
not only in neonates but also older children, as depicted by
16
various studies in developing countries. This study has added
to the native data showing signiﬁcant eﬀectiveness of bCPAP.

Demographical characteristics of the study population were
comparable including the gestational ages, gender, day of life
and weight at admission (Table Ⅰ). Median gestational age in
group A was 38 (36 – 39) weeks and in Group B was 38 (37 –
39) weeks. Patient data were also stratiﬁed as preterm (gestational age 32-37weeks) and term neonates (≥37 weeks).
Median birth weight at admission was 2.8 (2.125 – 3) Kgs in
Group A and 2.7 (2.2 – 3) Kgs in Group B, the diﬀerence being
insigniﬁcant between the groups. Patients were also stratiﬁed
as low birth weight - LBW (weight <2.5Kg) and normal birth
weight (weight ≥2.5Kg). Median age at presentation to
hospital in group A was 1 (1 – 8) days and in group B it was 1
(1 – 6.75) days (Table I).

Equipment design was slightly modiﬁed due to non-availability
of air/oxygen blenders and pre-determined amount of FiO2 was
not administered, these were considered as few of the limitations of this study. There are very few side eﬀects of bubble
CPAP; complications like the nasal septum and bridge injury,
facial puﬃness, abdominal distension and rarely pulmonary
haemorrhage, have been reported in literature.17-19 But luckily,
none of our patients developed any serious complications. This
study doesn’t show any improvement in chance of survival or
decreased rate of requirement for mechanical ventilation; which
may be due to the co-morbid conditions. However, this study
can be an invitation for other researchers to study the eﬀect of
bubble CPAP on the survival of neonates, on duration of hospital
stay in NICUs in Pakistan and thus evaluation of cost eﬀectiveness.20 Moreover, this study can encourage researchers to study
and compare various forms of CPAP as well as to modify titration and weaning protocols for use of these devices.21 While the
cost of the commercial CPAP device would be decreased by
using this bubble CPAP, the NICU burden in terms of increased
staﬀ requirement to care for individual neonates on bCPAP
might be increased.

In Group A, one neonate out of 60 (1.7%) had to be shifted to
mechanical ventilation because of persistent hypoxemia. While
in Group B, 5 out of 60 (8.3%) neonates had to be shifted to
bubble CPAP because of persistent hypoxemia with simple
nasal cannula in ﬁrst 24 hours of enrolment. These patients
showed improvement in SARS score afterwards and maintained oxygen saturation on bCPAP. Also in group B, 2
neonates required mechanical ventilation; and 1 of these
patients expired.

DISCUSSION
Respiratory distress is a common problem faced in neonatal
ICUs. Various scoring systems are in use in various paediatric
setups to assess the severity of respiratory illness. One such
score is Silverman Anderson Retraction Score, which was
used in this study to assess the eﬀectiveness of our device
(bCPAP).13 The lower is the score achieved; the lower will be
the severity. As the inclusion criteria included neonates >32
weeks of gestation so both term and pre-term neonates were
included in the study. However the neonates below 32 weeks
of gestation were not included in the study because of
increased risk of co-morbidities.
Bubble CPAP is a simple device, which can easily be used by
15
all health care professionals including the nursing staﬀ. No
technical diﬃculty was faced during its use. Its ease of application made it useful. The inspiratory limb of the bCPAP was
attached to the oxygen ﬂow meter easily available in ward
and rate of oxygen ﬂow adjusted with the ﬂow regulator.
Other equipment utilised in this device was also easily available in the NICU.
In this study, the eﬀectiveness in the Group A (bCPAP) was
56/60 (93.3%) and in Group B (Control) was 43/60 (71.7%).
These results seem to be similar to those achieved by another
808

The contribution of neonatal mortality towards the world
mortality is huge. According to UNICEF data on neonatal
mortality in 2018, the neonatal mortality rate is 42 per 1000
live births in Pakistan.22 Out of these deaths, 75% of deaths
occur in ﬁrst week after birth. Pakistan is among the top ten
countries contributing to world’s neonatal mortality.23 Since all
our neonatal setups are not equipped with expensive ventilation devices like CPAP, biPAP and mechanical ventilators, a
major bulk of these deaths can be reduced if one can control
the burden of respiratory failure by using non-invasive modalities like bubble CPAP.

CONCLUSION
Bubble CPAP has more eﬀectiveness than nasal oxygen in
treatment of respiratory distress in neonates. It should be used
in the NICUs in Pakistan with limited resources, to reduce
burden of neonatal morbidity due to respiratory illnesses.
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