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ABSTRACT
Background: Respiratory distress syndrome is the chief reason of death in infants. Sustained lung 

inflation (SLI) may improve respiratory outcomes and reduce the demand for mechanical ventilation (MV). 
Given that only few studies have been done in this field so far, the current study aimed to evaluate the effect 
of SLI on outcomes of acute respiratory distress syndrome in preterm infants.

Materials and methods: This randomized trial was conducted on preterm infants with respiratory 
distress syndrome in Shahid Sadoughi Hospital, Yazd, Iran, during 2018. Data were extracted from medical 
records. Infants born at 25-30 weeks of gestation were randomized into two groups with an equal number of 
subjects (n=30) in each one. In group 1 (cases), patients received SLI (25 cm H2O for 15 seconds) and nasal 
continuous positive airway pressure (nCPAP) (5 cm H2O) after oropharynx and nasal suction. In group 2 
(controls), patients received only nCPAP (5 cm H2O). Both nCPAP and SLI and were delivered through a 
T-piece ventilator and neonatal mask.

Results: In the current study, no serious differences were seen between case and control groups in terms 
of either quantitative parameters, including MV duration, Apgar score in the first minute, duration of 
oxygen therapy, gestational age, birth weight, nCPAP duration, and duration of hospitalization in NICU 
(P>0.05), or qualitative variables, including sex, pneumothorax rate, rate of intraventricular hemorrhage, 
need for mechanical ventilation during the first 72 hours of life, surfactant need, and mortality rate (p>0.05), 
except in cases of complications (p=0.019). 

Conclusion: According to the results of the current study, neither nCPAP alone, nor SLI and nCPAP had 
any effect on the duration, or need, or type of mechanical ventilation, while the incidence of complications in 
the nCPAP alone group (control group) was higher than that of combined nCPAP + SLI group (case group). 
It is suggested that future studies should be conducted on a larger sample size. 
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INTRODUCTION

High incidence of respiratory dis-
tress syndrome is the most impor-
tant reason for admission of pre-
term infants to neonatal units 
(1-5). Some studies reported a 

59% mortality rate for this disease (6-10). Neo-
natal respiratory distress syndrome in premature 
infants may occur due to various factors such as 
congenital and surgical anomalies, acquired situ-
ations, including pulmonary infections during 
pregnancy and post-delivery period, and mala-
daptation to extra-uterine life (11). This problem 
in infants may be also due to an increased rate of 
caesarean delivery (12), abruptio placentae, hy-
dramnios and amniotic-fluid bacterial infections 
(13). Surfactant deficiency is another factor in 
the development of respiratory distress syn-
drome, because surfactant is created through 
type 2 pneumocytes from the 24th week of 
pregnancy; this level augments with the increa-
sing level of gestational age (14). Given that the 
lung of newborn infants is immature and lacks 
protection from a stiff chest wall, mechanical 
ventilation (MV) is known as a main risk factor 
for this group (15, 16). Therefore, the role of re-
spiratory support, such as modern model of me-
chanical ventilation in newborn infants, has been 
developed (17).  

Studies have shown that continuous positive 
airway pressure (CPAP) could be beneficial for 
holding the functional residual capability and 
progression of lung compliance at the initial 
stage of respiratory support (18-21). Moreover, 
recent studies highlighted the role of sustained 
lung inflation (SLI) in avoiding the demand for 
mechanical ventilation (22, 23) in preterm 
infants and improving the respiratory outcome 
(17). This method is more efficient than 
intermittent mandatory ventilation (IMV) for 
recovering of functional residual capacity (FRC) 
in newborns (24-26). Pas et al. reported that 
using SLI for treatment of preterm infants 
decreased the need for MV in the first 72 hours 
of life (27). Given that only few studies 
were performed in this field, the current study 
was designed to evaluate the effect of SLI + 
nCPAP compared to nCPAP alone on outcomes 
of acute respiratory distress syndrome in preterm 
infants born in Shahid Sadoughi Hospital 
during 2018. 

MATERIALS AND METHODS

Study design

This randomized trial was conducted on 
60 preterm infants with respiratory distress 

syndrome who were born in Shahid Sadoughi 
Hospital during 2018. After obtaining the signed 
consent from the parents of newborns, the cur-
rent study was confirmed by the Ethic Commit-
tee of Shahid Sadoughi University (number: 
IR.SSU.SPH.REC.1395.48).

Data extraction

Data including duration of mechanical ventila-
tion, gestational age, Apgar score, birth weight, 
gender, duration of nCPAP, usage of surfactants, 
duration of hospitalization in NICU, occurrence 
of pneumothorax, retinopathy of prematurity, in-
traventricular hemorrhage (IVH), and death were 
extracted from medical records. 

Treatment protocol 

Infants born with a gestational age of 25-30 
weeks were randomized into two groups (n=30 
in each group). In group 1 (cases), patients re-
ceived SLI (25 cm H2O for 15 seconds) and nC-
PAP (5 cm H2O) after oropharynx and nasal suc-
tion. In group 2 (controls), patients received only 
nCPAP (5 cm H2O). Both nCPAP and SLI and 
were delivered by using a T-piece ventilator and 
neonatal mask.

Inclusion and exclusion criteria

Inclusion criteria were newborn infants with 
respiratory distress syndrome (score ≥3), gesta
tional age between 25-30 weeks). Exclusion 
criteria were congenital anomalies, hydrops fe-
talis, asphyxia, and respiratory distress score less 
than 3.

Criteria for beginning mechanical ventilation

Criteria for beginning MV were PaCO2 >65 mm 
Hg, pH <7.20, nCPAP (5–7 cm H2O), and 
SpO2≤90%; MV was set to retain a PaCO2 of 
45-65 mm Hg, pH= 7.20-7.35. 

Extubation criteria

Infants were extubated from the study by the fol-
lowing criteria: PaCO2≤55 mm Hg, pH ≥7.25, 
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FiO2 ≤0.4, SpO2 of ≥91% and mean arterial 
pressure ≤8 cm of water. Infants underwent 
brain ultrasound (ZS3 model, USA) at the third 
day of life as well as the first and second weekend. 
Intra-ventricular hemorrhage (grade 3–4) was 
entered as questionnaire. 

Diagnosis of pneumothorax and retinopathy 
of prematurity

Neonates with pneumothorax underwent trans-
illumination (FO-150-220 model, USA). Oph-
thalmoscopy was used for diagnosis of retinopa-
thy of prematurity (ROP).

Statistical analysis

A SPSS version 18 was used to enter the data. 
Chi Square test, Fisher exact test and T test was 
used for analysis. A p-value <0.05 was consi-
dered as statistically significant. q

RESULTS 

In the current study, newborn infants with respi-
ratory distress syndrome and gestational age 

between 25-30 weeks were randomly divided 
into two equal case and control groups. Quanti-
tative parameters, including Apgar score in the 
first minute, birth weight, gestational age, MV 
duration, nCPAP duration, duration of oxygen 
therapy, duration of hospitalization in NICU, as 
well as qualitative parameters, including sex, 
pneumothorax rate, IVH rate, need for MV in 
the first 72 hours of life, surfactant need, mortal-
ity rate and complications, were extracted from 
medical records. 

A comparison between cases and controls in 
terms of quantitative parameters showed that 
there were no serious differences between the 
two study groups regarding the Apgar score in 
the first minute, gestational age, birth weight, 

TABLE 1. Comparison between 
case and control groups in terms 
of quantitative parameters   

TABLE 2. Frequency for case and 
control groups in terms of qualitative 
parameters 
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MV duration, nCPAP duration, duration of oxy-
gen therapy, duration of hospitalization in NICU 
(P >0.05), as seen in Table 1. 

A comparison of frequency for case and con-
trol groups in terms of qualitative parameters 
showed the lack of any serious differences be-
tween the two groups with respect to sex, need 
for MV in the first 72 hours of life, surfactant 
need, pneumothorax rate, and rate of intra-ven-
tricular hemorrhage (IVH) (p>0.05), except for 
complications (p=0.019). 

Figure 1 shows the need for mechanical ven-
tilation in the first 72 hours of life, with no seri-
ous differences between controls and cases in 
terms of mechanical ventilation (p=0.436). q

DISCUSSION

Respiratory distress is typically occurring 
among preterm infants (14). For this group of 

patients, mechanical ventilation was first given, 
followed by respiratory support (nCPAP, MV and 
surfactant) (28). The use of mechanical ventila-
tion in preterm infants leads to lung injury and 
bronchopulmonary dysplasia (28). Intubation, 
surfactant prescription and extubation, followed 
by nCPAP in premature infants protect against 
ventilator-induced lung injuries (29). Moreover, 
other types of non-invasive ventilation and me-
chanical ventilation may be considered as alter-

nate methods to conventional MV. Other studies 
have shown that sustained inflation in low birth 
weight infants reduced the need for MV. There-
fore, it seems that sustained inflation can be con-
sidered as an attractive method (30), but exten-
sive clinical application should await certain 
document from on-going clinical trials (31).

The current study aimed to find out whether 
the combined use of SLI and nCPAP would de-
crease the need for MV and improve outcomes 
of respiratory distress syndrome in newborn in-
fants with high risk of respiratory distress syn-
drome. The results showed that no serious differ-
ences were seen between control and case 
groups in terms of either quantitative parameters 
(including gestational age, Apgar score in the first 
minute, birth weight, MV duration, nCPAP dura-
tion, duration of oxygen therapy and duration of 
hospitalization in NICU) or qualitative variables 
(including sex, pneumothorax rate, IVH rate, 
need for MV in the first 72 hours of life, surfac-
tant need, mortality rate).

Pas et al. conducted a study on 207 preterm 
infants with respiratory distress syndrome. In-
fants in the case group were given SLI and nCPAP 
and those in the control group received nCPAP 
through a T-piece ventilator, which supplied a 
PEEP of 5 cm H2O, which lead to a decrease in 
the need for mechanical ventilation in the SLI 
group (32). Lista et al., compared the use of 
combined SLI + nCPAP versus nCPAP alone in 
terms of need for mechanical ventilation. They 
performed their study on 143 infants in the con-
trol group and 148 in the SLI group, and results 
showed that SLI followed by nCPAP diminished 
the need for MV (33). The results of both studies 
were inconsistent with those of our study. This 
could be partly explained by the sample size. 
The two above mentioned studies had 207 and 
291 subjects, respectively, while our study was 
conducted on only 60 patients. Moreover, frac-
tion of inspired oxygen (FIO2) in Lista et al.’s 
study was 0.21 to 0.40, which was also inconsis-
tent with our findings.

Grasso et al. evaluated the effect of SLI in pri-
mary acute respiratory distress syndrome. They 
evaluated 78 newborns with respiratory distress 
syndrome who needed SLI. The results pointed 
to less invasive MV and surfactant administration 
as well as a shorter duration of ventilation. No 
serious differences were seen between out-
comes, except for intraventricular hemorrhage 

FIGURE 1. The need for mechanical ventilation in the two groups of 
patients in the first 72 hours of life
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(34). The results of Grasso et al.’s study were not 
consistent with ours. In total, various studies 
have used different ventilation supply devices 
and different strategies (difference of pressure, 
duration, etc). 

Linder et al. conducted a randomized con-
trolled trial on 61 preterm infants with signs of 
respiratory distress syndrome. Subjects were ran-
domized to two different respiratory interven-
tions (intermittent mandatory ventilation and 
sustained pressure-controlled inflation) (35). 
There were no differences between the two 
groups with respect to mortality rate, IVH rate 
and chronic lung disease. The findings of this 
study were consistent with ours. 

Sobotka et al. evaluated the effect of various 
SI strategies on cerebral vascular integrity and ca-
rotid blood flow (CaBF) in lambs that were deli-
vered at 139 ± 2 d gestation. Animals were clas-
sified into three groups receiving either five 
consecutive 3 s SI (multiple SI; n=6), or conven-
tional ventilation (no SI; n=6), or a single 30 s SI 
(single SI; n=6), respectively. Ventilation was 
continued in all lambs for 30 min and their respi-
ratory function was recorded. Brain action was 
assessed in terms of vascular leakage and histo-
pathology. The results showed that disruption of 
blood brain barrier was enhanced in single SI 

lambs, as illustrated by elevated blood vessel 
profiles with extravasation of plasma proteins in 
the cerebral cortex. No significant difference was 
seen in terms of cerebral oxygen delivery or 
CaBF between numerous SI and no SI lambs. 
The authors concluded that ventilation with ini-
tial single 30 s SI could improve circulatory re-
covery, but it was associated with more disrup-
tion of blood brain barrier action. This injury 
may happen due to higher tidal volumes or ini-
tial SI during subsequent ventilation (36). q

CONCLUSION

According to the results of the current study, 
neither nCPAP alone, nor SLI and nCPAP 

had any effect on the duration or need or type of 
mechanical ventilation, while the incidence of 
complications in the nCPAP group (controls) was 
higher than that in the nCPAP + SLI group (ca-
ses). It is suggested that future studies should be 
conducted on larger sample sizes. Furthermore, 
patient outcomes should be evaluated on a long 
period of time. q
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