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A B S T R A C T  

Objective: To determine the outcome of preterm neonates with the early 
introduction of bubble continuous positive airway pressure (CPAP). 
Methodology: This observational study was conducted in NICU of Shifa 
International Hospital, Islamabad from March 2017 to August 2017. Ninety 
preterm infants were enrolled with a gestational age of 28 to 37 weeks and with 
the clinical features of Respiratory Distress Syndrome (RDS). Infant variables 
that were recorded were birth weight, gestational age, and severity of RDS and 
Fio2 requirement. Bubble CPAP was started at 5cm of water and FiO2 adjusted 
to maintain SpO2 of 87 to 95%. The SPSS 26 version was used to analyze data. 
The Chi square test was used, with a P value of <0.05 considered significant. 
Results: The study included 90 neonates who were clinically diagnosed with 
RDS. To treat RDS, CPAP was started at the mean age of 5.27 hours of life with a 
standard deviation of 2.66 hours. 11 out of 90 (11.22%) babies had chest X-ray 
findings in favor of severe RDS; while X-rays of the remaining 79 (88.78%) 
showed mild to moderate RDS. 
Conclusion: CPAP is of valuable importance in low resource countries with a 
lack of ventilators and provides an adequate and conservative treatment 
method of mild to moderate RDS for preterm neonates. However, in cases of 
severe RDS, intubation and mechanical ventilation are often necessary. 
Keywords: Bubble continuous positive airway pressure, RDS, Preterm neonates,  
NICU. 
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Introduction 

Preterm birth has become an epidemic globally, with 15 

per million incidences.1 The United Nations Sustainable 

Development Goal (SDG) 3.2 aims to ‘end neonatal 

preventable deaths and under five-year-old children's by 

2030, ‘with all countries aiming to reduce their neonatal 

mortality rate to as low as 12 per 1,000 live births’.2 

Preterm birth is the leading cause of mortality in less than 

5 years old and associated lengthy hospital stay increases 

morbidity.3 Among the low- and middle-income 

countries like Pakistan almost 12% of babies are born 

prematurely, with an estimated 99% of newborn deaths.4  

Neonatal respiratory distress syndrome is an important 

cause of morbidity and mortality in premature neonates.5 

In preterm babies who develop respiratory distress, the 

early use of CPAP reduces respiratory failure, the need 

for mechanical ventilation, and decreased mortality6 in 

areas with low resource settings and limited 

infrastructure. 

Studies in low resource countries show that due to 

financial restrictions, mortality in newborns is ten times 

higher than developed countries.7 so babies requiring 

mechanical ventilation cannot be referred. Around 50% 

preterm neonates develop RDS and use of early CPAP 

reduces the risk of mortality by around 48% along with a 

50% reduction in the need for surfactant and mechanical 

ventilation.8 In such low resource setups bubble CPAP 

provides a safe and effective noninvasive means of 

respiratory support for a premature infant reducing RDS 

related mortality. It is a simple and less expensive method 

to deliver pressurized, humidified, and warm air to reduce 
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lung and alveolar collapse. With this technique a 

continuous and distending pressure is applied to the 

infant’s airways (about 5 to 7cm of H2O) which splints 

the alveoli open and obviates the need for mechanical 

ventilation. Trials done in developed countries and a 

Cochrane review showed that CPAP groups needed a few 

days on ventilation and had a significantly lower 

mortalityrate.9 Nowadzky et al and Klerk studies found 

the use of bubble CPAP a better practice as it decreased 

the need for mechanical ventilation and mortality.10,11 A 

study done in Malawi showed 64.5% of neonates with 

RDS requiring CPAP were discharged as compared to the 

23% of the simple nasal oxygen receiving group. In a low 

resource academic NICU of South Africa not supporting 

infants with mechanical ventilation it was discovered that 

the majority of 69% of infants managed with CPAP alone 

and 80% survived to discharge. Another study by 

Koyamaibole found that the introduction of bubble CPAP 

reduced the need for mechanical ventilation by 50% and 

nurses can easily apply bubble CPAP after a month of 

training.12 Studies from India also show the easy 

availability of bubble CPAP in low resources areas and it 

is associated with good results by using bubble CPAP. 

Initiating CPAP alone in all spontaneous 

breathing preterms with RDS and surfactant 

administration to only those on mechanical ventilation 

decreases the need for intubation and surfactant 

administration with no effect on the outcome.13 

Continuous positive airway pressure (CPAP) in the form 

of bubbles may be useful in hospitals in low- and middle-

income countries to improve pulmonary support. The 

purpose of this study is to find out if bubble CPAP can be 

used in Pakistani hospitals because they lack the ability to 

use ventilators. In order to prevent the morbidity and 

mortality caused by prematurity and RDS in newborns, 

nurses should be trained in the proper use of this 

equipment. 

Methodology 

This descriptive case series was conducted in the NICU 

of Shifa International Hospital for a period of six months 

from March 2017 to August 2017 after ethical approval. 

A sample size of 90 was calculated by WHO calculator, 

keeping an anticipated population proportion of 25%, 

absolute precision of 9%, and a confidence interval of 

95%. A consecutive non-probability sampling technique 

was used. 

Inclusion & Exclusion Criteria: Infants having gestational 

age of 28 to 37 weeks, admitted to the neonatal intensive 

care unit with the clinical features and chest x-ray 

suggestive of RDS were included in our study. Babies 

who require intubation at birth and those with congenital 

anomalies were excluded. 

Data was collected after approval from the ethical 

committee and taking consent from parents. Preterm 

infants were started on bubble CPAP that was 

indigenously prepared by the NICU staff nurses. The 

gestational age calculation was based on the mothers last 

menstrual day or early pregnancy scan. Infant variables 

that were recorded were birth weight, gestational age, and 

severity of RDS and Fio2 requirement of infants on 

bubble CPAPPEEP was started at 5cm of water and FiO2 

adjusted to maintain SpO2 of 87 to 95% and minimum 

flow was titrated to produce continuous bubbling in the 

CPAP circuit bottle. Bubble CPAP was considered to be 

failed if the FiO2 requirement exceeded 50%, the baby 

had recurrent or prolonged apneas or cyanosis and poor 

perfusion. In the group who did not respond to CPAP the 

severity of RDS and FiO2 requirements greater than 50% 

was noted. SPSS 26 version was used to analyze data.  

Qualitative variables such as gender, CPAP failure FiO2 

and severe RDS was measured as frequency and 

percentages. Quantitative variables age, gestational age 

and birth weight was measured as mean±SD. Effect 

modifiers like age, gestational age, birth weight, gender, 

and antenatal steroids were controlled by stratification. 

For stratification chi square test was applied. P value < 

0.05 was considered significant. 

Results  

The study included 90 neonates who were clinically 

diagnosed with RDS. All the neonates included in the 

study had a mean gestation period of 32.39±2.69 weeks 

and mean birth weight of 1827.79 ± 532.97 grams. To 

treat RDS in these neonates, CPAP was started at the 

mean age of 5.27 hours of life with a standard deviation 

of 2.66 hours. Gender distribution in the sample set was 

62 males (69.71%) to 28 females (30.29%), as shown in 

Table I. 

While studying the intensity of RDS in these neonates, 11 

out of 90 (11.22%) babies had chest X-ray findings in 

favor of severe RDS, while X-rays of the remaining 79 

(88.78%) showed mild to moderate RDS. 
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Nineteen out of 90 babies (20.21%) required FiO2 more 

than 50%, while for the remaining 71 (79.79%), FiO2 

requirement was less than 50%. When the mothers of 

these neonates were studied, 84 out of 90 (94%) had 

received antenatal steroids. Overall, 10 (11%) babies 

from a total of 90 failed CPAP and of these 10 CPAP 

failure cases, 9 had severe RDS. 

37 out of 41 (90.24%) infants were aged than 3 hours 

having successful CPAP whereas 43 out of 49 (87.75%) 

infants were aged more than 3 hours.  53 males out of 

62(85.48%) had successful CPAP whereas 27 females out 

of 28 (96.42%) had successful CPAP. 9 males (14.52%) 

showed a higher likelihood of failing CPAP than females 

3.58%, showing a significant p value. 73 out of 81 

(90.12%) infants had a successful CPAP taking Antenatal 

steroids whereas 7 out of 9 (77.8%) had no steroids 

given. 47 out of 55 (85.45%) infants below the weight of 

2000g had their CPAP successful whereas only 33 out of 

35 (94.28%) had successful CPAP at a birth weight of 

more than 2000g, showing a significant p value. 35 out of 

43 (81.39%) infants having a gestational age less than 30 

weeks had successful CPAP whereas 45 out of 47 

(95.74%) had successful CPAP having a gestational age 

more than 30 weeks, has significant p value 0.01 as 

shown in Table II. 

Discussion 

Study showed that CPAP is a highly effective modality 

for the treatment of RDS in preterm neonates with a 

success rate of around 90%, it surely holds the potential 

to be a routine treatment for premature infants with mild 

to moderate RDS.14, 15 However, it has limitations as well 

when it comes to extreme cases like neonates with very 

low birth weights, having severe RDS and requiring 

FiO2> 50%. Still, considering the current infrastructure in 

developing countries like Pakistan lacking trained nursing 

staff, ventilators and neonatal intensive care units this 

simple and effective method can surely be of valuable 

use.16,17 

The CPAP was prepared by NICU staff so that PEEP was 

started at 5cm of water and FiO2 was adjusted to maintain 

SpO2 between 87 to 95% and minimum flow was titrated 

to produce continuous bubbling in the CPAP 

circuitbottle.18 In a study done by Dargaviolle predictors 

of failure of CPAP were identified, in their study about 

22% of the infants applied CPAP failed and 

characteristically CPAP failure likelihood increased with 

lower gestational age. Most of the infants had severe 

RDS in the failure group, which was proven 

radiologically. Also, a high FiO2 requirement more than 

50% was associated with CPAP failure and adverse 

outcomes.12 

In a study done in Iraq CPAP failure was associated with 

low gestational age i.e., age less than 30 weeks of 

gestation. In this study FiO2 was noted at 20 minutes and 

those requiring more than 50% were found to be at a 

greater risk for failing CPAP. Most of the infants failing 

CPAP have a lower gestational age. Most of them had a 

high FiO2 requirement >50% in first few hours of life and 

is associated with CPAP failure and adverse outcomes.13 

In a study done by Saxena A et al in India, nasal CPAP 

was administered to all preterm neonates over a period of 

time. In this study, 83 babies were enrolled, of which the 

failure rate was 39.76%. 61.24% of the babies were 

managed on CPAP alone. The male to female ratio in this 

study was 2:1 which also like our study shows that male 

babies are more prone to developing RDS. So these two 

studies done in India in a relatively similar setup by 

Saxena et al and Mathai SS et al have comparatively 

similar results to our study so this can be employed in 

Table 1: General characteristics of study population 

during study. 

 Mean±SD 

Gestation Period (Weeks) 32.39±2.69 

Birth Weight (g) 1827.79±532.97 

Age (h) 5.27 2.66 

Gender 

Males 

Females 

68.89% 

30.29% 

62/90 

28/90 

Table II: Stratification for CPAP Success w.r.t Age, 

Gender, Antenatal Steroid, Birth Weight & Gestational 

Age 

Age Groups N CPAP Success P-Value 

Yes No 

< 3 Hours 41 37(90.24%) 4(9.76%) 0.28 

> 3 Hours 49 43(87.75%) 6(12.25%) 

Gender 

Male 62 53(85.48%) 9(14.52%)  

0.000 Female 28 27(96.42%) 1(3.58%) 

Antenatal Steroid 

Steroid Given 81 73(90.12%) 8(9.88%)  

 0.033 No Steroid 

Given 

9 7(77.8%) 2(22.2%) 

Birth Weight 

< 2000g 55 47(85.45%) 8(14.55%)  

 0.004 > 2000g 35 33(94.28%) 2(5.72%) 

Gestational Age 

< 30 weeks 43 35(81.39%) 8(18.60%)           

0.01 > 30 weeks 47 45(95.74%) 2(4.26%) 
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NICU setups in Pakistan to improve the outcome of 

premature infants with RDS.19 

In a study done by Koti et al 14% of the babies failed 

CPAP. The risk factors for CPAP failure were no 

exposure to antenatal steroids, White out CXR, 

sepsis/pneumonia, and FiO2 > 50% after 15-20 minutes 

of CPAP. The median age of starting CPAP was 1.7 hrs. 

Of life in this study, mean gestational age was 30.98±2 

weeks while the mean birth weight was 1387±402 grams. 

91.1% mothers received antenatal steroids and 25% of 

the babies failed CPAP in Indian study. In our study, we 

did not evaluate for sepsis, but other factors such as FiO2 

requirement greater than 50% and white out CXR which 

means severe RDS are similar predisposing factors as 

seen in our study.20 

The biggest strength of our study is that it shows the 

outcomes of all the infants who were delivered or brought 

from another hospital in study period. Pakistan is a 

country where ventilator facilities for babies are very few 

and neonatal mortality is very high. Nurses can be taught 

to make this bubble CPAP and given training in order for 

many neonates with mild to moderate RDS to be treated 

without the need for mechanical ventilation, which is by 

far in short supply in comparison to the population we are 

dealing with.21,22 

Conclusion 

It was concluded that CPAP is of valuable importance in 

low resource countries with a lack of ventilators and 

provides an adequate and conservative method of 

treatment of mild to moderate RDS for preterm neonates. 

However, in cases of severe RDS, intubation and 

mechanical ventilation are often necessary. 
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