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ABSTRACT 

Objectives: To compare the efficacy of lung recruitment versus conventional care in preterm neonates with respiratory distress 
syndrome in terms of reduction in requirement for mechanical ventilation. 
Study Design: Quasi-experimental study. 
Place and Duration of Study: Department of Pediatrics, Combined Military Hospital, Rawalpindi Pakistan, Mar 2022 to Mar 
2023. 
Methodology: We conducted this study on 246 preterm neonates with respiratory distress syndrome. Neonates in the 
intervention arm received lung recruitment therapy with a pressure of 25 cmH2O for 15 seconds during surfactant 
administration. Both groups were subsequently placed on continuous positive pressure airway ventilation, failure of which 
was said to have occurred if the patient was unable to maintain SpO2 despite increasing FiO2 with worsening respiratory 
acidosis and apneic spells, which resulted in intubation and mechanical ventilation.  
Results: A total of 246 premature neonates with a mean gestational age at birth of 31.88±2.42 weeks were studied. 
Requirements for mechanical ventilation were seen in 29.3% of those who received lung recruitment versus 43.1% of those 
without (p=0.024). The total number of complicated cases was significantly lower with lung recruitment: 8.9% versus 17.9% in 
those without recruitment (p=0.040); however, the frequency of individual complications like pneumothorax (p=0.213), 
intraventricular hemorrhage (p=0.281), necrotizing enterocolitis (p=0.327) and mortality (p=0.254) were not significantly 
different across the groups. 
Conclusion: Using lung recruitment with administration of surfactant therapy for premature neonates is associated with 
reduced requirement for mechanical ventilation, duration of mechanical ventilation, and a reduction in total frequency of 
complications.  
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INTRODUCTION 

Neonatal respiratory distress syndrome (RDS) is 
the most common cause of morbidity and mortality in 
premature babies, affecting approximately 24,000 
births per annum in the United States.1 The disorder 
occurs due to a deficiency in the volume of surfactant, 
which fails to accumulate due to a shorter time of 
gestation, leading to alveolar collapse and failure of 
gas exchange after birth.2 Management involves the 
application of continuous positive pressure airway 
ventilation with surfactant administration to prevent 
progression to the requirement for mechanical 
ventilation via the so-called INSURE method, where a 
neonate is Intubated, Surfactant is administered, and 
then the patient is Extubated.3,4  

Various methods have been proposed to enhance 

surfactant penetration to distal alveoli, such as 
aerosolization via jet nebulization and ultrasonic 
techniques.5,6 Lung recruitment is one such technique 
where the closed alveoli are opened by a short period 
of continuous distending pressure, allowing the 
surfactant to reach them: this is accomplished by a few 
methods such as patient positioning, maneuvers, and 
application of positive pressure to the lungs to force 
the alveoli open and creating a useful Functional 
Residual Capacity (FRC).7-9 However, this process can 
result in injury to lung tissue through alveolar 
overdistention (volutrauma), critical airway pressures 
(barotrauma), and alveolar collapse and reopening 
(atelectotrauma), all of which can worsen the already 
compromised gas exchange and result in serious 
morbidity, and even mortality.10 

We conducted this study to determine whether 
lung recruitment coupled with surfactant therapy in 
premature neonates with respiratory distress 
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syndrome was associated with improved outcomes 
compared to surfactant therapy alone. If proven 
useful, this method could be adopted as a standard 
practice and help form the basis of a national 
consensus guideline for managing such patients, 
which currently does not exist. 

METHODOLOGY 

The quasi-experimental study was conducted 
from March 2022 to March 2023 from the Department 
of Paediatrics, Combined Military Hospital, 
Rawalpindi Pakistan, on 246 preterm neonates 
suffering from respiratory distress syndrome after 
obtaining consent for inclusion in the study from their 
parents/guardians. We selected the patients for our 
research via consecutive, non-probability sampling. 
The WHO sample size calculator was used to calculate 
the sample size, keeping an anticipated population 
proportion 1(P1) of 0.23 and an anticipated population 
proportion 2(P2) of 0.38, which were the proportions 
of patients requiring mechanical ventilation with 
surfactant therapy and lung recruitment versus 
conventional surfactant therapy alone, respectively, 
from Yang et al.11  
Inclusion Criteria: Neonates born after the completion 
of 28 weeks of gestation but before the completion of 
the 37th week of gestation with respiratory distress 
syndrome, defined as a clinical syndrome of 
inadequate respiration manifested by respiratory rate 
>60 per minute with chest retractions and nasal flaring 
along with arterial blood gases showing a pH of less 
than 7.25, PaO2 <50 mmHg, and PaCO2 >45 mmHg, 
were included.  
Exclusion Criteria: Patients with gross anatomical/ 
facial abnormalities, congenital heart disease, or those 
with birth asphyxia requiring intubation immediately 
on delivery in the labor room were excluded.  

Patients were divided into two equal groups via 
block randomization and then intubated. Neonates in 
Group A received lung recruitment therapy via a T-
piece resuscitator with a pressure of 25 cmH2O for 15 
seconds, while those in Group B did not. Both groups 
received a 200 mg/kg dose of surfactant via the 
endotracheal tube (Figure). 

Once the surfactant was administered, the 
neonates were extubated and placed on continuous 
positive-pressure airway ventilation (CPAP) at 6–8 
cmH2O. If the patient required an inspired oxygen 
(FiO2) fraction of 0.4 or more to maintain SpO2 above 
88% for longer than half an hour, or arterial blood gas 
testing revealed a pCO2 > 65 mmHg or the neonate 

had >4 apneic spells per hour, or more than two 
apneic spells requiring bag valve mask ventilation. 
CPAP was said to have failed, and the patient was 
placed on a mechanical ventilator. 
 

 
Figure: Patient Flow Diagram (n=246)  
 

Mechanical ventilation was only stopped when 
the FiO2 requirement was less than 0.3, with a 
pCO2 ≤55 mmHg, a pH of ≥7.25, and SpO2 ≥88% for 
over eight hours. Following extubation, the neonates 
would be replaced on CPAP (6–8 cmH2O). If patients 
failed CPAP again, a further dose of surfactant at 100 
mg/kg was given, with lung recruitment in the 
intervention arm. All patients were followed for 
seventy-two hours. 

Data was analyzed using the Statistical Package 
for the Social Sciences (IBM SPSS Statistics for 
Windows version 26, IBM Corp; Armonk, USA). Mean 
and standard deviation were calculated for 
quantitative variables, specifically gestational age at 
birth, birth weight, duration of requirement for 
mechanical ventilation, and maximum requirement for 
FiO2. Qualitative variables like gender, mode of 
delivery, predelivery corticosteroids given, the 
requirement for mechanical ventilation, and the 
occurrence of complications such as pneumothorax, 
intraventricular hemorrhage, necrotizing enterocolitis, 
and death were recorded in terms of frequency and 
percentage. Quantitative variables were compared 
across groups using the independent samples t-test. In 
contrast, the Chi-square test/Fischer exact test was 
used for qualitative variables, and a p-value of ≤0.05 
was considered significant. 

RESULTS 

This study was conducted on 246 neonates with a 
mean gestational age at birth of 31.88±2.42 weeks with 
a male majority: 135(54.9%). The mean birth weight of 
the entire sample was 2001.66±387.54 g. The majority 
of patients were delivered vaginally: 147(59.8%). 
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Corticosteroids were administered to 192(78.0%) 
mothers pre-delivery. Table-I shows the patient 
characteristics at the time of enrollment in the study.  
 

Table-I: Pre-Intervention Patient Characteristics (n=246) 

Variables 
Study Arm 

(n=123) 
Group-A 

Control Arm 
(n=123) 

Group-B 

p-
value 

Gender 

Male 61(49.6%) 74(60.2%) 
0.096 

Female 62(50.4%) 49(39.8%) 

Gestational Age (weeks) 31.70±2.44 32.06±2.40 0.248 

Birth-weight (g) 1984.34±368.60 2018.98±406.36 0.485 

Mode of Delivery 

Vaginal Delivery 69(56.1%) 78(63.4%) 
0.242 

Caesarean Section 54(43.9%) 45(36.6%) 

Pre-Delivery 
Corticosteroids 

92(74.8%) 100(81.3%) 0.218 

 

Table-II displays the outcomes of the study 
according to the study arm. The total requirement for 
mechanical ventilation was seen as 89(36.2%). The 
mean duration of the requirement for mechanical 
ventilation was 40.49±18.33 for hours for both arms. 
The mean FiO2 requirement for patients who required 
mechanical ventilation from the complete sample was 
0.63±0.22%. A total of 33(13.4%) cases developed 
severe complications: 6(2.4%) developed a 
pneumothorax, 8(3.3%) developed an intraventricular 
hemorrhage, and 18(7.3%) developed necrotizing 
enterocolitis. 13(5.3%) patients died during the study 
period. 
 

Table-II: Study Outcomes (n=246) 

Variables 
Study Arm 

(n=123) 
Group-A 

Control Arm 
(n=123) 

Group-B 

p-
value 

Requirement for 
Mechanical Ventilation 

36(29.3%) 53(43.1%) 0.024 

Duration of Ventilation 
Requirement (hours) 

34.39±18.28 44.64±17.34 0.009 

Maximum Requirement of 
FiO2 

0.56±0.19 0.68±0.22 0.006 

Complications 

Total Complicated Cases 11(8.9%) 22(17.9%) 0.040 

Pneumothorax 1(0.8%) 5(4.1%) 0.213 

Intraventricular 
Haemorrhage 

2(1.6%) 6(4.8%) 0.281 

Necrotizing Enterocolitis 7(5.7%) 11(8.9%) 0.327 

Mortality 4(3.3%) 9(7.3%) 0.254 
 

DISCUSSION 

Neonatal RDS is a commonly occurring 
complication in newborns that is associated with a 
significant degree of morbidity and mortality not only 

due to the disease itself but also due to the treatment 
modalities, such as mechanical ventilation, used to 
manage it. Several techniques have been described to 
mitigate these effects, one of which is lung 
recruitment: our study demonstrated that this practice 
was associated with a decrease in the requirement for 
mechanical ventilation and a reduction in the total 
number of complications. 

The mean gestational age at birth of our study 
sample was 31.88±2.42 weeks, which is in keeping 
with existing data on the subject, such as Mohapatra et 
al., and Kim et al., clearly demonstrate that the lower 
gestational age at birth; this higher the chances of 
developing neonatal RDS.12,13 This occurs due to the 
deficient production of a surfactant or its inactivation 
due to fetal lung immaturity.1  

The majority of patients in our study were male, 
54.9%. Kim et al., reported that males were at an 
increased risk for developing RDS in their study (OR: 
3.288; 95% CI, 1.446-7.479).14 This has been attributed 
to the inhibitory effect of androgens on signal 
transduction, resulting in delayed fetal lung 
maturation and delayed fibroblast-pneumocyte factor 
production, resulting in delayed-type II alveolar cell 
maturation and surfactant production. In contrast, 
female sex hormones are proposed to do the 
opposite.14 

The mean birth weight of our entire sample was 
2001.66±387.54g Condò et al., noted in their study that 
low birth weight was associated with a higher risk of 
developing RDS in term neonates; however, this effect 
was less pronounced in preterm infants.15 Whether 
this result is due to a confounding factor (preterm 
neonates are usually born with low birth weight) or 
not requires further study before concrete conclusions 
can be drawn. 

Our study showed that the number of patients 
who required mechanical ventilation after receiving 
surfactant therapy with lung recruitment was 29.3%, 
significantly lower than in patients who received 
surfactant therapy without lung recruitment (p=0.024). 
Yang et al.,11 reported that fewer patients who received 
surfactant therapy with lung recruitment required 
mechanical ventilation, i.e., 23% versus 38% in those 
that only received surfactant therapy (p=0.025), which 
was in agreement with our study, a finding which was 
also concurred with by Vento et al., who noted that 
40% with surfactant plus recruitment required 
mechanical ventilation versus 54% with surfactant 
alone, (p=0.037).16 
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The present study demonstrated that patients 
who had received lung recruitment therapy had a 
shorter duration for the requirement for mechanical 
ventilation of 34.39±18.28 hours versus 44.64±17.34 
hours for those who did not receive lung recruitment, 
(p=0.009), a result which was also agreed with by Yang 
et al., (p=0.006).11 Lista et al., also noted that the total 
duration of the requirement for mechanical ventilation 
was significantly shorter with lung recruitment 
(p=0.008),17 however, Jiravisitkul et al., did not note 
this benefit, possibly because this study looked at lung 
recruitment without the use of surfactant.18 
Additionally, patients who received lung recruitment 
had a lower mean FiO2 requirement of 0.56±0.19 
versus 0.68±0.22 in the control arm in our study 
(p=0.006), a result that was agreed with by both Yang 
et al., and Vento et al.11,16 

Our study showed that lung recruitment was 
associated with a decrease in total cases with 
complications, which were seen in 8.9% of cases. In 
comparison, the frequency of complicated cases was 
higher at 17.9% in the non-lung recruitment group 
(p=0.040). Our study did not demonstrate a significant 
difference in patients who received lung recruitment 
versus those without in terms of occurrence of 
pneumothorax (p=0.213), intraventricular hemorrhage 
(p=0.281), and necrotizing enterocolitis, (p=0.327), and 
mortality, (p=0.254), which was in keeping with the 
two other major studies on the subject, i.e., Yang et al., 
and Vento et al., both of whom noted that the fre-
quency of each of their aforementioned complications, 
did not appear to be significantly different between 
the groups, however. In contrast, Yang et al., noted no 
difference in mortality at the end of the follow-up 
period between the two groups; Vento et al., pointed 
out that lung recruitment was associated with lower 
mortality, contrary to our study.11,16 We attribute this 
difference to the duration of follow-up in each study: 
while the present study and Yang et al., both had short 
follow-ups, Previous studies looked at patients for a 
more extended period, which may have affected 
results. Lung recruitment use is also associated with a 
reduction in the occurrence of total complications, 
which may improve the overall prognosis of the 
premature neonate.17,18 However, this aspect of 
research requires further study and should be the 
focus of future research along with the long-term 
effects of lung recruitment on an individual’s health. 

CONCLUSION 
Lung recruitment appears to be an effective modality 

in ensuring the delivery of surfactant across a greater surface 

area, which results in a reduction in the requirement for 
mechanical ventilation, a shorter duration of the 
requirement for mechanical ventilation, and a reduction in 
the degree of support required to maintain adequate tissue 
oxygenation and may be incorporated into the treatment of 
premature neonates with respiratory distress syndrome.  
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