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ackground: Premature birth is an important issue in developing and developed countries. The purpose 

of this study is to investigate the effect of budesonide and surfactant in the treatment of respiratory 

distress syndrome and the prevention of bronchopulmonary dysplasia (BPD). 

Methods: In a randomized clinical trial study, 296 premature babies with a gestational age of less than 37 

weeks and weigh below 1500 grams admitted to Shahid Akbarabadi Hospital in Tehran (Iran) who were 

hospitalized with a diagnosis of respiratory distress syndrome and needed treatment with surfactant were 

included in the study. In one group (surfactant), 4 cc/kg surfactant (Braksurf) was injected intratracheally, 

and in the other group (surfactant + budesonide), in addition to surfactant (Braksurf), 0.25 mg/kg of 

budesonide was prescribed along with intratracheal surfactant. Descriptive statistics including Kaplan-Meier, 

Chi-square test and  t-Student test were used for data analysis. 

Result: In infants who were administered budesonide with surfactant through a tracheal tube, the duration of 

mechanical ventilation, the duration of high-flow nasal cannula (HFNC), continuous positive airway pressure 

(CPAP) and the need to receive peripheral equipment or through channel The nose was significantly less than 

the babies who received only surfactant. In the surfactant group, 13 infants (8.7%) and in the surfactant + 

budesonide group, 4 infants (2.7%) had bronchopulmonary dysplasia.  

Conclusion: The use of the combination of surfactant (Braksurf) with budesonide compared to surfactant 

alone in the treatment of premature infants significantly reduced the need for respiratory support and the 

need for intubation and duration of hospitalization and bronchopulmonary dysplasia. 
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Introduction 

A preterm birth is a birth that occurs before the 37th 

week of pregnancy [1]. The use of mechanical 

ventilation in the past decades for the treatment of 

premature infants with severe respiratory distress 

syndrome (RDS) led to a change in the natural pattern 

of the disease and as a result increased the survival 

probability of premature infants with lower birth 

weight [1]. With the increase in survival probability of 

very premature babies, the number of patients at risk of 

bronchopulmonary dysplasia (BPD) has also increased 

[2]. 

Pulmonary dysplasia (BPD) is a serious complication 

of the lungs that affects babies, especially premature 

babies. Clinically, BPD is defined as persistent 

respiratory distress with hypoxia, hypercapnia, and 

oxygen dependence for more than 4 weeks, and there is 

involvement of the lung parenchyma [3]. The annual 

mortality rate due to BPD in premature infants varies 

between 10% and 15%. From the point of view of 

pathology, the disease is in the form of progressive 

adhesion of alveoli and atelectasis of adjacent alveoli, 

interstitial edema, increased thickness of the mucous 

membrane and extensive hyperplasia and metaplasia of 

the mucous membrane of the trachea and bronchi, 

cyanotic skin color, rapid breathing, cough. And 

wheezing and difficulty in eating and vomiting are 

frequent [4]. Extreme weight loss and gestational age 

are important factors in the occurrence of BPD. Many 

infants with lung dysplasia have respiratory distress 

syndrome (RDS) [5]. 

Infants with pulmonary dysplasia should use nasal 

continuous positive airway pressure (NCPAP) or 

ventilator for a long time [6, 7]. Given the high 

prevalence of BPD and its high mortality rate, effective 

prevention and treatment of this disorder in infants is 

very important and helps to reduce the morbidity and 

mortality caused by it. 

Currently, among the treatment methods used for 

respiratory distress syndrome and finally BPD include 

the use of intratracheal administration of surfactant, 

the use of NCPAP or ventilator, oxygen therapy and 

drugs that treat fluid accumulation in the lungs [8, 9]. 

But long-term use of corticosteroids causes high blood 

pressure, diabetes, osteoporosis, arteriosclerosis, 

atrophy, and depression [8, 9]. The results of recent 

research have shown that the use of surfactant for the 

remedy of RDS reduces the mortality rate but does not 

reduce the incidence of bronchopulmonary dysplasia 

[1, 2]. Studies show that lung inflammation and host 

responses play a major role in the pathogenesis of BPD, 

which is caused by chorioamnionitis, postpartum 

infection, tracheal intubation, and neonatal oxygen 

therapy. In infants with BPD, there is a possibility of 

long-term complications, neurodevelopmental 

problems, and disorders. The respiratory rate increases 

and the probability of hospitalization in the first year of 

life more than doubles [10, 11]. There are several 

reports of rapid recovery in lung function after the 

administration of corticosteroids, which makes it easier 

for infants to be weaned from the ventilator [12]. Anti-

inflammatory compounds and corticosteroids can 

stimulate the secretion of surfactant, reduce 

bronchospasm, edema and fibrosis of the lung and 

reduce the response to cells and inflammatory 

mediators in the damaged lung [13, 14]. 

Due to the systemic effects of these compounds and 

the negative impact on the neurological development 

of premature infants, the use of these treatments is 

limited, and it is better to use inhaled steroid 

compounds in infants instead of using systemic 

steroids [15]. When surfactant is injected into the lungs 

of infants with RDS, a direct current is produced that 

can help transport drugs such as budesonide to 

different parts of the lung [16]. Up to one week after 

intratracheal injection, budesonide remains 5-10% in 

the lung, and if absorbed in the liver, it is rapidly 

metabolized to 16-alpha-hydroxyprednisolone, which 

has low glucocorticoid activity and a plasma half-life of 

4 hours [17]. Administering intratracheal steroid 

together with surfactant for premature infants with 

RDS, in addition to reducing the side effects of systemic 

steroids, can have favorable effects in preventing 

inflammation and the occurrence of BPD [18]. 

Considering the inflammatory nature of BPD and the 

anti-inflammatory property of budesonide, the 

simultaneous use of surfactant with budesonide may 

have a more effective effect in preventing the 

occurrence of BPD [19]. Given the above-cited findings 

and arguments, the aim of this study is to investigate 

the effect of budesonide and surfactant in the 

treatment of respiratory distress syndrome and the 

prevention of bronchopulmonary dysplasia admitted to 

Shahid Akbarabadi Hospital in Tehran city, Iran. 

Methods 

Procedure 

In this double-blind clinical trial study, premature 

babies with a weight of less than 1500 grams and 

symptoms of respiratory distress syndrome and 

admitted to Shahid Akbarabadi Hospital in Tehran 

(Iran) were included in the study. 

The conditions for inclusion in the study include 

premature babies (prematurity) with a gestational age 

of less than 37 weeks and a weight of less than 1500 

grams, who were admitted to the NICU due to RDS 

based on clinical and radiological symptoms and 

negative blood cultures at birth; 

They were subjected to CPAP in the first minutes of 

birth, but they did not respond to the treatment, and 
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based on RDS Score and ABG or oxygen requirement of 

more than 40% with CPAP, they were candidates to 

receive surfactant. 

Exclusion criteria include major congenital anomalies 

that affect the newborn's breathing (severe pulmonary 

hypoplasia, congenital lung anomaly, congenital airway 

obstruction). The presence of asphyxia (Apgar score 

less than 7 at the 5th minute of birth), lack of parental 

consent. 

Sample size calculation 

The sample size was calculated based on the study of 

Tsu F. Yeh et al. {20] given p1, 0.29 and p2, 0.50, alpha 

error 0.05 and statistical power of 95% at 148 for each 

group and 296 in total, which were divided into two 

intervention and control group. Parents were ensured 

that all their information would be kept confidential. 

Also, this plan was first proposed in the ethics 

committee of Iran University of Medical Sciences and 

after approval in this committee, it started with the 

ethics code IR.IUMS.FMD.REC.1400.165. Written 

informed consent was obtained from the children's 

parents at the beginning of the project. The 

information of the patients was coded.  

Intervention group: simultaneous intratracheal 

injection of surfactant (Braksurf with an initial dose of 

4 cc per kg of weight, equivalent to 100 mg per kg of 

weight) and budesonide (budesonide with a dose of 

0.25 mg per kg of weight from Kushan Farmed 

Pharmaceuticals). Control group: Surfactant injection 

(Braksurf with an initial dose of 4 cc per kilogram of 

weight, equivalent to 100 mg per kilogram of weight 

from Teksima Daro Alborz pharmaceutical company) 

 

Data analysis 

Descriptive statistics including frequency, frequency 

percentage, mean and standard deviation and Kaplan-

Meier were used for data analysis. Intention to Treat 

approach was also used to analyze the data. Chi-square 

test or its non-parametric equivalent was used to 

analyze qualitative variables, and t-Student test or its 

non-parametric equivalent was used for quantitative 

variables. Also, the Risk Ratio index was used to 

compare the incidence of BPD and death in the two 

study groups. Survival analysis approaches such as COX 

regression were used to investigate the role of each 

variable in the occurrence of BPD and death. Data 

analysis was done using SPSS version 24 given the 

alpha error of 5%.  

Results 

In the present study, 283 patients (95.6%) had a 

gestational age of less than 34 weeks, and 13 patients 

(4.4%) had a gestational age of 34-37 weeks. The 

average gestational age was obtained at 29.92±2.18 

(range: 26 -35 weeks).  51.4% of babies were girls and 

48.6% were boys. 

Parameter p-value Surfactant + 

budesonide 

group 

Surfactant 

group 

Boy Gender 

number (%) 

0.949 48.4% 48.8% 

Girl - 51.65 51.2% 

Gestational age 

(week) 

- 0.000 1.9±29.63 2.3±30.15 

<1000 Birth 

weight (g) 

0.44 21.1% 22% 

1500-1000 - 46.9% 44.1% 

>1500 - 32% 33.9% 

C/S delivery (%) - 0.727 82.8% 58.9% 

Head circumference - 0.000 1.87±27.74 2.03±28.83 

Height - 0.445 3.3±39.15 11.1±39.93 

blood pressure 

(systolic) 

- 0.620 4.70±52.78 7.20±55.59 

blood pressure 

(diastolic) 

- 0.788 3.47±31.46 4.22±33.08 

Full course of 

antenatal 

corticosteroids 

- 0.705 76.4% 79.2% 

Table 1: Characteristics of patients in the intervention and control 
groups. 

Parameter Surfactant + 

budesonide 

group 

Surfactant group p-value 

Bronchopulmonary 

dysplasia (BPD) 

2.7%(4) 8.7%(13) 0.00 

Necrotizing 

enterocolitis (NEC) 

2%(3) 4%(6) 0.544 

Patent ductus 
arteriosus (PDA) 

4.7%(6) 6.5%(11) 0.497 

Mortality 2%(3) 3.3%(5) 0.741 

Length of hospital 

stay 

4.75±14.36 27.51±10.86 0.00 

BPD=Bronchopulmonary dysplasia; PDA=Patent ductus 
arteriosus; ROP=Retinopathy of prematurity; NEC=Necrotizing 
enterocolitis  
Table 2: Prematurity complications in the intervention and 
control groups. 

Parameter Surfactant + 

budesonide group 

Surfactant 

group 

p-value 

76.6%(98) 61.3%(103) 0.01 

Number of surfactant 

doses 

19.5%(25) 28%(47)  

3.9%(5) 10.7%(18)  

Need for re-intubation 7.8%(10) 22%(37) 0.001 

surfactant injection  2FiO

time (%) 

8.24±63.16 15.28±70.44 0.54 

Duration of need for HFNC 

after receiving CPAP (day) 

1.47±4.42 1.72±5.49 0.000 

Duration of oxygen 

requirement at the level of 

the incubator after 

separation from 

mechanical ventilation 

(day) 

3.20±3.43 

 

6.95±5.37 0.002 

Duration of NCPAP (day) 

after extubating 

1.7±3.07 1.5±3.94 0.001 

Duration of MV (day) 5.59±2.23 2.26±2.91 0.002 

Table 3: Examination of the need for oxygen and respiratory 
ventilation in the intervention and control groups. 

In our study, 45.3% of infants weighed 1000 to 1500 

g, 33.1% weighed more than 1500 g, and 21.6% weighed 

less than 1000 g. The results of patient characteristics, 

complications of prematurity and the need for oxygen 

and respiratory ventilation in the intervention and 

control groups are shown in Tables 1-3. 
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Discussion 

In the present study, gestational age and head 

circumference of infants were lower in the group that 

received budesonide, and these two variables had 

significant differences in the two groups. Babies with 

gestational age and smaller head circumference are 

expected to experience more incidence of BPD but 

given that the results were contrary to our 

expectations, these two variables were not considered 

as confounders. 

In our study, BPD was defined as receiving oxygen for 

more than 4 weeks. The results of the present study 

showed that the incidence of BPD in infants who 

received only surfactant (Beraksurf) was 8.7% (n: 13) 

and in the group that received budesonide in addition 

to surfactant (Beraksurf) was 2.7% (4 patients), which 

was significantly The incidence of BPD was lower in the 

group receiving budesonide (p<0.05). 

In a study conducted in 2021 in preterm infants, the 

results showed that the incidence of BPD in infants 

who received budesonide was 8.51% compared to 23.4% 

in the surfactant group, which was a significant 

difference, and the results of this study are consistent 

with our study. In our study, the duration of 

hospitalization, the need for re-intubation, the 

duration of the need for surface oxygen, HFNC, NCPAP 

and mechanical ventilation in the group that received 

budesonide was significantly less than the group that 

received surfactant (p<0.05).  

The results of our study were consistent with other 

studies (2,6-8). In line with our study, it was observed 

in a study conducted in 2010 by Qi et al. that in the 

group receiving budesonide with surfactant compared 

to the group receiving surfactant alone, the amount of 

oxygen required during the first 28 days and also The 

duration of receiving oxygen is significantly less [21]. 

In a study conducted in 2008, in 116 babies weighing 

less than 1500 grams, in the intervention group 

(surfactant plus budesonide) the rate of complications 

and mortality was significantly lower than in the 

control group (surfactant) [22].  

In our study, there was no significant difference in 

the incidence of mortality in the two groups. 

Consistent with our study, in a study conducted in 2016 

by Nakamura et al. in the field of investigating the use 

of inhaled budesonide in premature infants, it was 

observed that the use of inhaled budesonide can lead to 

a reduction in the severity of BPD compared to the 

control group [23], which was consistent with the 

results of our studies.  

Based on our results, the use of the combination of 

surfactant with budesonide compared to surfactant 

alone in the treatment of premature infants with low 

birth weight and suffering from respiratory distress 

syndrome significantly leads to a reduction in the need 

for respiratory support and Bronchopulmonary 

dysplasia, but it has no effect in reducing mortality or 

the frequency of surfactant administration. In another 

study, Sadeghnia et al., investigated the effect of 

budesonide inhalation in the prevention of chronic 

lung disease in premature infants [24]. 

The results of their investigation showed that 

inhalation administration of budesonide reduces the 

need for additional doses of surfactant. Also, inhalation 

administration of budesonide significantly reduces the 

incidence of chronic lung disease in premature infants. 

In the study of Heo et al., the effect of budesonide and 

intratracheal surfactant in preventing BPD was 

investigated, and the results show the positive effect of 

simultaneous early administration in preventing death 

and BPD in premature infants with severe RDS [25]. 

In our study, in contrast to Heo et al.'s study, 

although it did not show a significant relationship in 

the mortality rate in the two groups, the incidence of 

BPD was lower in the budesonide group, similar to this 

study. In another study, a meta-analysis conducted by 

Rohini et al., showed that the intratracheal 

administration of budesonide surfactant was associated 

with a reduction in the incidence of BPD and death in 

VLBW infants [20] and the reduction in the incidence of 

BPD was similar to the results of our study.The results 

of the study by Huang T. Kuo showed that infants in 

the budesonide-treated group had higher PDI and MDI 

scores than infants in the control group (79 ± 20 vs. 74 

± 18 and 19 ± 80 vs. 75 ± 20), but These differences were 

not statistically significant [26]. 

Based on the findings of this study, the use of the 

combination of surfactant (Beraksurf) with budesonide 

compared to surfactant (Brexorf) alone in the 

treatment of premature infants significantly led to a 

reduction in the need for respiratory support and the 

need for re-intubation and the duration of 

hospitalization in Hospital and bronchopulmonary 

dysplasia. It is suggested to consider a larger sample 

size in future studies and to compare the study groups 

in terms of weight, development and gestational age. 
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