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Respiratory distress syndrome (RDS) in 
preterm infants is caused by a deficiency 
of pulmonary surfactant, which is 
necessary to reduce surface tension at 

alveoli. Increased surface tension, if untreated, may 
cause progressive airway collapse.1

The benefits of maternal antenatal corticosteroids 
in lung maturity had been reported in previous studies. 
Use of antenatal corticosteroids and exogenous 
surfactant improves the survival of preterm infants 
with RDS.1–3 Bronchopulmonary dysplasia (BPD) 
remains a major problem in preterm infants that 
occurs in up to 50% of infants who are born at less than 

28 weeks gestational age.4,5 BPD risk factors include 
lower gestational age6,7 and birth weight,8,9 male 
gender,10 white race and genetic factors,11 perinatal 
asphyxia,12 patent ductus arteriosus (PDA),10,13 and 
mechanical ventilation parameters.14–16

Since there is marked variation among medical 
centers in BPD rates, it is suggested that specific 
care practices can modify BPD occurrence. There 
are preclinical and clinical studies that indicate the 
role of inflammatory reactions in the pathogenesis of 
RDS and BPD.3,17 Researchers showed inflammatory 
mediator release in response to pulmonary toxins, 
including oxidants, free radicals, hypoxia, infection, 
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A B S T R AC T
Objectives: Bronchopulmonary dysplasia (BPD) remains a major problem in 
preterm infants occurring in up to 50% of infants born at < 28 weeks gestational 
age. Inflammation plays an important role in the pathogenesis of BPD. This study 
was conducted to evaluate the efficacy of intratracheal budesonide administration 
in combination with a surfactant in preventing BPD in preterm infants. Methods: 
In a randomized clinical trial, 128 preterm infants at < 30 weeks gestational age 
and weighing < 1500 g at birth were studied. All had respiratory distress syndrome 
(RDS) and needed surfactant replacement therapy. They were randomly allocated 
into two groups; surfactant group (n = 64) and surfactant + budesonide group  
(n = 64). Neonates in the surfactant group received intratracheal Curosurf 200 mg/
kg/dose. Patients in the surfactant + budesonide group were treated with intratracheal 
instillation of a mixed suspension of budesonide 0.25 mg/kg and Curosurf 200 mg/kg/
dose. Neonates were followed untill discharge for the primary outcome which was BPD 
and secondary outcomes including sepsis, patent ductus arteriosus (PDA), retinopathy  
of prematurity (ROP), and necrotizing enterocolitis (NEC). Results: The mean 
gestational age and birth weight of the studied neonates were 28.3±1.6 weeks and 
1072.0±180.0 g, respectively. The demographic characteristics and RDS score were 
similar in the two groups. BPD occurred in 24 (37.5%) neonates in the surfactant + 
budesonide group and 38 (59.4%) neonates in surfactant group, p = 0.040. Hospital 
stay was 29.7±19.2 days (median = 30 days) in the surfactant group and 23.3±18.1 days 
(median = 20 days) in the surfactant + budesonide group, p = 0.050. The rates of sepsis, 
PDA, ROP, and NEC were not significantly different in the two groups. Conclusions: 
The use of budesonide in addition to surfactant for rescue therapy of RDS in preterm 
infants decreases the incidence of BPD and duration of respiratory support significantly. 
Large adequately powered clinical trials with long-term safety assessments are needed to 
confirm our findings before its routine use can be recommended.
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or volutrauma. BPD appears to be induced by pro-
inflammatory cytokines, chemokines, and proteinase-
mediated events.18–21 Corticosteroids as anti-
inflammatory agents have been studied to prevent 
BPD. However, using systemic corticosteroids in 
the first month of life may increase the risk of long-
term side effects in preterm infants.22,23 Because of 
the adverse neurodevelopmental effects of systemic 
steroids, there is a tendency to research airway 
administration of steroids. Intratracheal instillation 
is a better way to administer corticosteroids with 
direct drug introduction into the alveolar space 
and the least systemic adverse effects. Budesonide 
is a corticosteroid with a local anti-inflammatory 
effect with 10-fold stronger potency24 in reducing 
pro-inflammatory cytokine release, including tumor 
necrosis factor and interleukin-1β.25 Budesonide 
has good absorption and persistence in the lungs 
because of budesonide ester formation at the carbon 
21-hydroxyl group and slow free budesonide release.26 
So, budesonide is superior to other corticosteroids for 
intratracheal administration. A systematic review of 
20 trials of airway administration of corticosteroids 
(16 trials of inhaled corticosteroids and four trials of 
instillation of steroids) from 1993 to 2016 indicated 
that it is associated with a lower likelihood of BPD 
than placebo with no benefit concerning mortality.27 
BPD or mortality rate was significantly lower only 
in the group treated with budesonide. The duration, 
dose, type, and inhalation or instillation of steroids 
using surfactant as carrier were inconsistent across 
studies. The duration of inhalation of corticosteroids 
ranged from three to 29 days and the first delivery 
time ranged from 12 hours to 14 days. Since the 
meta-analyses showed the airway administration 
of corticosteroids by instillation is still regarded 
as an open research area, we conducted this study 
to evaluate the efficacy intratracheal budesonide 
administration in combination with surfactant in 
the prevention of BPD in preterm infants.

M ET H O D S
This randomized clinical trial was conducted in the 
neonatal intensive care unit (NICU) of Al Zahra 
Hospital, a tertiary university referral center in the 
North West of Iran. The study was approved by the 
ethics committee of Tabriz University of Medical 
Sciences (IR .TBZMED.REC.1397.041) and 
registered in the Iranian Registry of Clinical Trials 

(IRCT 20100512003915N20). Parental informed 
written consent was obtained before patient 
enrollment. Considering the findings of yeh et al,28 
in 2015 as a baseline and reducing the rate of BPD 
from 66% to 42% in the budesonide group with  a 
power of 80% and 0.05 alpha we estimated that 64 
cases were needed for each group. We estimated 
67 neonates for each group considering potential 
drop-outs. Infants with major congenital anomalies, 
birth asphyxia (Apgar score < 4 at 5 minutes after 
birth), who had prolonged resuscitation, and lethal 
cardiopulmonary disorder were excluded.

Inborn preterm infants at < 30 weeks gestational 
age and with a birth weight < 1500 g who had RDS 
and needed surfactant replacement therapy from 
July 2018 to April 2019 were eligible for inclusion 
in the study. Gestational age was determined by first-
trimester ultrasound examination and confirmed 
by neonatal examination using Ballard gestational 
age scoring.29 At birth, all neonates received nasal 
continuous positive airway pressure (CPAP) 5–6 cm 
H2O by infant T-piece resuscitator (Fisher & Paykel 
Healthcare, Auckland, New Zealand) and transferred 
to the NICU covered with a plastic bag in portable 
incubators. In the NICU, CPAP was administered 
through short bilateral nasal prongs, intermittently 
with a nasal mask. Distending pressure was generated 
by a variable flow nasal CPAP device and PEEP 5–7 
cm H2O and flow 6–7 L/min. The diagnosis of 
RDS was based on clinical signs and symptoms and 
confirmed by radiologic findings. RDS severity was 
determined using RDS score. Surfactant was given 
to infants who met clinical and radiologic criteria 
for RDS as Intubation- SURfactant- Extubation 
treatment method within two to six hours of life. 
Targeted oxygen saturation (SPO2) was 90–92%. 
Enrolled patients were randomly allocated in two 
groups by random number list generated by random 
number generator in sequentially numbered, opaque, 
sealed, and stapled envelopes. Neonates in surfactant 
group received intratracheal Curosurf (Poractant 
alpha, Chiesi Farmaceutici, Italy) 200 mg/kg/dose 
(2.5 mL/kg/dose) after premedication with fentanyl 
1–2 mic/kg. Patients in the surfactant + budesonide 
group were treated with an intratracheal instillation 
of a mixed suspension of budesonide (pulmicort 
nebulizing suspension, AstraZeneca AB, Sodertalje, 
Sweden) 0.25 mg/kg (0.5 cc/kg) and Curosurf 200 
mg/kg/dose (2.5 mL/kg/dose). An independent 
nurse prepared syringes with surfactant and surfactant 
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+ budesonide and put them into envelopes according 
to the allocation orders. The envelopes opened just 
before the instillation. Surfactant replacement 
therapy was done in the first two hours of life in 
both groups. Surfactant administered as RDS rescue 
treatment to infants receiving CPAP at a pressure > 
5 cm H2O who needed a fraction of inspired oxygen 
(FiO2) of > 30% to maintain SPO2 between 88% and 
92%. Following surfactant administration, when the 
spontaneous respirations resumed, and after adequate 
heart rate and SPO2 establishment, the endotracheal 
tube was removed, and the infants were weaned to 
nasal CPAP. Endotracheal intubation was reserved 
for infants with severe respiratory distress, apnea 
or ineffective respiratory effort, or hemodynamic 
instability. The second dose of surfactant was 
administered to infants with persistently increased 
breathing and FiO2 requirements of > 30%, while 
other problems were excluded.

CPAP was weaned in increments of 1 cm H2O 
every 12–24 hours when infants were stable by 
considering breathing, respiratory rate, oxygen 
requirement, and underlying lung pathology. The 
infants who had weaned from CPAP with mild 
tachypnea were supported by heated humidified 
nasal cannula 3–4 L/min delivered by binasal 
prongs. We considered CPAP failure when the 
extubated infant developed respiratory distress 
and needed a FiO2 > 0.4 for maintaining SPO2 > 
90%. Arterial blood gas parameters were recorded 
at admission and six hours intervals after surfactant 
administration. The neonatologist who managed the 
neonates was blinded to the patients’ group. After 
28 days of birth, another independent researcher 

(also blinded to the patients’ groups) measured 
the patient’s oxygen dependency. Infants who had 
continued to receive oxygen were considered as 
having BPD. For all enrolled neonates, a detailed 
questionnaire was completed.

Premature rupture of membranes refers to a 
rupture of membranes before the onset of labor and 
before 37 weeks gestation. Clinical chorioamnionitis 
was diagnosed in the setting of maternal fever 
(≥ 38°C) and at least two of the following: maternal 
leukocytosis (> 15 000 cells/mm3), tachycardia  
(> 100 bpm), fetal tachycardia (> 160 bpm), 
uterine tenderness, and stained or unusual smelling 
amniotic fluid. Decolman or placental abruption 
is premature separation of the placenta from the 
uterus present with bleeding, uterine contractions, 
and fetal distress. Cranial ultrasound examination 
was performed on days five to seven of birth to 
diagnose intraventricular hemorrhage (IVH) by 
an experienced pediatric radiologist. PDA was 
diagnosed based on clinical signs and confirmed by 
echocardiography performed by an expert pediatric 
cardiologist. 

The primary outcome was BPD. BPD was 
defined as the need for supplemental oxygen for at 
least 28 days and its severity was determined at 36 
weeks based on the fraction of inspired oxygen.30 

The secondary outcome included the total 
days of hospital stay and other complications 
of prematurity, including sepsis, necrotizing 
enterocolitis (NEC), PDA, pulmonary hemorrhage, 
IVH, and retinopathy of prematurity (ROP). Sepsis 
was defined as either positive blood culture sepsis or 
suspected sepsis if septic screen was positive in the 

Preterm infants with gestation age < 30 weeks 
assessed for eligibility

n = 235

Patient included
n = 217

Enrolled infants
n = 128

bronchopulmonary 
dysplasia = 38

bronchopulmonary 
dysplasia = 24

No surfactant  
theraphy

n = 89

Surfactant group
n = 64

Surfactant + budesonide group 
n = 64

Exclusion, n = 18
Congential anomalies, n = 8

Parental refuse consent, n = 5
Death before 4 hours of birth, n = 3

Prolonged resuscitation, n = 2

Figure 1: Flow chart of inclusion.
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presence of clinical signs and symptoms but negative 
blood culture.

After pupillary dilation, the retinas were 
examined through an indirect ophthalmoscope. 
ROP was classified according to the international 
classification.

The statistical analyses were performed using 
SPSS (SPSS Inc. Released 2007. SPSS for Windows, 
Version 16.0. Chicago, SPSS Inc.). Quantitative 
data were presented as mean±standard deviation 
and qualitative data as frequency and percent. 
Categorical data were analyzed by chi-square 
test or Fisher’s exact test. Normally distributed 
quantitative variables were compared by student’s 
t-test. A p-value of < 0.050 was considered  
statistically significant.

R E SU LTS
A total of 128 preterm neonates were enrolled in 
this study, of which 64 were allocated to surfactant 
+ budesonide group [Figure 1]. Seventy-eight 
neonates (60.9%) were boys. The mean gestational 
age and birth weight of studied neonates were 
28.3±1.6 weeks and 1072.0±180.0 g, respectively. 
The most common maternal risk factor for preterm 
labor was preeclampsia in 35 (27.3%) cases. There 
were no cases of chorioamnionitis.

The demographic characteristics were similar in 
the two groups [Table 1].

Mechanical ventilation was needed in 28 (43.8%) 
neonates in the surfactant group and 24 (37.5%) 
neonates in the surfactant + budesonide group,  
p = 0.620. The maximum respiratory support types 
and the mean duration of each are presented in 
Table 2. The mean duration of respiratory support 
was significantly longer in the surfactant group in 
comparison with surfactant + budesonide group 
(mechanical ventilation 2.8±0.6 vs. 0.8±0.1 days, 
p = 0.006, nasal CPAP 5.2±3.0 vs. 4.0±3.5 days,  
p = 0.040, and high flow nasal cannula 7.7±0.9 vs. 
4.1±0.5 days, p = 0.001). BPD was detected in 62 
(48.4%) neonates; 38 (59.4%) neonates were in 
surfactant group and 24 (37.5%) neonates were in 
the surfactant + budesonide group, p = 0.040. The 
severity of BPD was mild in 27 (71.0%), moderate 
in 9 (23.7%), and severe in 2 (5.3%) neonates in 
the surfactant group vs. mild in 20 (83.3%) and 
moderate in 4 (16.7%) neonates in surfactant + 
budesonide group.

Repeated doses of surfactant replacement therapy 
were used in 34 (26.6%) of studied neonates: 24 
(37.5%) were in the surfactant group and 10 (15.6%) 
in the surfactant + budesonide group, p = 0.010. The 
observed complications of prematurity are presented 
in Table 3.

Vitamin A was used in 59 (92.2%) neonates in 
both groups for BPD prevention in the first four 
weeks of life. Caffeine was used in all neonates in 
both groups. Neonates received systemic steroids as 
acceleration of extubation or BPD management.

We had no cases of gastrointestinal bleeding, 
intestinal perforation, and hypertrophic 
cardiomyopathy in our studied neonates. We did not 
assess growth failure in our neonates after discharge.

Table 1: Demographic characteristics of preterm 
infants in the two groups.

Characteristics Surfactant 
group
n = 64

Surfactant + 
budesonide 

group
n = 64

p-value

Gender
Male, n (%) 40 (62.5) 38 (59.4) 0.850

Gestational age, 
weeks

28.4 ± 1.5 28.2 ± 1.7 0.380

Birth weight, g 1089.0 ± 
1680

1055.0 ± 
192.0

0.270

Cesarean delivery, 
n (%)

53 (82.8) 52 (81.3) 1.000

Maternal 
preeclampsia, n 
(%)

21 (32.8) 14 (21.9) 0.210

PROM, n (%) 16 (25.0) 12 (18.8) 0.520
Placental 
abruption, n (%)

4 (6.3) 6 (9.4) 0.510

Maternal diabetes 
mellitus, n (%)

1 (1.6) 2 (3.1) 0.510

Maternal 
hypothyroidism, 
n (%)

6 (9.4) 8 (12.5) 0.570

Multiple 
gestations, n (%)

26 (40.6) 18 (28.1) 0.130

Maternal age, 
years

28.2 ± 6.7 29.7 ± 5.7 0.180

Antenatal 
corticosteroids, 
n (%)

55 (85.9) 49 (76.6) 0.640

RDS score, 
median 7

6.5 ± 0.9 6.6 ± 0.9 0.780

Apgar score
1 min 6.1 ± 1.7 

(median = 6)
5.9 ± 1.7 

(median = 6)
0.590

5 min 7.8 ± 1.4 
(median = 8)

7.6 ± 1.9 
(median = 8)

0.600

PROM: premature rupture of membrane; RDS: respiratory distress syndrome.
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D I S C U S S I O N
Intratracheal administration of surfactant + 
budesonide compared with solitary surfactant 
replacement therapy was associated with reduced 
BPD rate in preterm infants who had RDS. Patients 
treated with surfactant + budesonide required less 
frequently repeated doses of surfactant replacement 
therapy, less respiratory support, and shorter hospital 
stays. Similar to our findings, in a clinical trial 
conducted in the USA and Taiwan, 265 very low 
birth weight infants with severe RDS who required 
mechanical ventilation within the first hour of birth 
were studied. They reported a significantly lower 
incidence of BPD or death in patients treated by 
surfactant and budesonide compared with surfactant 
only. They found fewer doses of required surfactant 
replacement therapy and lower interleukin levels 
in tracheal aspirates in these infants. The incidence 
of IVH, NEC, ROP, and sepsis were comparable 
in the two groups, similar to our study. In contrast 

to our finding, they reported a significantly lower 
incidence of PDA without a significant difference 
in the duration of mechanical ventilation or oxygen 
therapy.30 In another study, 116 very low birth weight 
infants with severe RDS that needed mechanical 
ventilation after birth were assessed. Early tracheal 
instillation of budesonide using surfactant as a 
vehicle resulted in lower mean airway pressure on 
days one and three, lower PCO2 and oxygen index 
during the first three days, and lower death or chronic 
lung disease.31

The exact mechanism by which the intratracheal 
budesonide may reduce the incidence of BPD is 
unknown. Intratracheal instillation of budesonide 
and surfactant in rabbits could increase the alveolar 
area, decrease the alveolar wall thickness, and 
increase the density of lamellar bodies protein 
levels in type II epithelial cells of pulmonary 
alveoli.32 It is suggested that surfactant act as a 
vehicle that facilitates the delivery of budesonide to 
the lung periphery, and enhance its solubility and 
absorption.27 Intratracheal budesonide is associated 
with improved gas exchange, oxygenation index, 
reduced pulmonary edema, and inflammation.25 
yeh et al,33 in a pilot study showed that more than 
80% of budesonide might remain in the lungs for 
up to eight hours after intratracheal instillation 
of surfactant (Survanta) and budesonide.33 They 
estimate that 5–10% of budesonide may remain in 
the lungs by one week.33 These effects account for 
diminished rate, duration of respiratory support, 

Table 2: Respiratory support in two groups.

Varaibles Surfactant 
group
n = 64

Surfactant + 
budesonide 

group
n = 64

 p-value

MV, n (%) 28 (43.8) 24 (37.5) 0.620
NCPAP, n (%) 61 (95.3) 59 (92.2) 0.470
HFNC, n (%) 54 (84.4) 52 (81.3) 0.460
Duration of MV, days 2.8 ± 0.6 0.8 ± 0.1 0.006
Duration of CPAP, days 5.21 ± 3.0 4.0 ± 3.5 0.040
Duration of HFNC, days 7.7 ± 0.9 4.1 ± 0.5 0.001
The number of surfactant therapy

1 40 (62.5) 54 (84.4) 0.010
2 20 (31.3) 9 (14.1)
3 4 (6.3) 1 (1.6)

FiO2

One hour after treatment 0.3 ± 0.1 0.3 ± 0.1 0.370
After 24 hours 0.3 ± 0.0 0.2 ± 0.0 0.010

PH
Admission 7.2 ± 0.0 7.2 ± 0.0 0.850
Six hours after treatment 7.3 ± 0.0 7.3 ± 0.0 0.640

PCO2

Admission 50.7 ± 9.8 50.3 ± 13.7 0.870
Six hours after treatment 40.6 ± 8.5 38.0 ± 10.9 0.130

HCO3

Admission 20.0 ± 3.0 20.2 ± 3.3 0.630
Six hours after treatment 20.4 ± 2.3 19.8 ± 3.5 0.210

MV: mechanical ventilation; NCPAP: nasal continuous positive airway 
pressure; HFNC: high flow nasal cannula; FiO2: fraction of inspired oxygen; 
PH: potential hydrogen; PCO2: partial pressure of carbon dioxide;  
HCO3: bicarbonate.

Table 3: Complications of prematurity in two groups.

Variables Surfactant 
group
n = 64

Surfactant + 
budesonide 

group
n = 64

p-value

BPD, n (%) 38 (59.4) 24 (37.5) 0.040
Hospital stay, days 29.7 ± 19.2

(median  
= 30)

23.3 ± 18.1
(median 

= 20)

0.050

PDA, n (%) 17 (26.6) 13 (20.3) 0.200
Pneumothorax, n (%) 3 (4.7) 1 (1.6) 0.160

Pulmonary 
hemorrhage, n (%)

5 (7.8) 3 (4.7) 0.240

Sepsis, n (%) 25 (39.1) 21 (32.8) 0.230
ROP, n (%) 3 (4.7) 2 (3.1) 0.320
NEC, n (%) 4 (6.3) 2 (3.1) 0.200
Mortality, n (%) 9 (14.1) 6 (9.4) 0.290

BPD: bronchopulmonary dysplasia; PDA: patent ductus arteriosus;  
ROP: retinopathy of prematurity; NEC: necrotizing enterocolitis.
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and mechanical ventilation-induced lung injuries. 
The FiO2 24 hours after treatment and the need for 
repeated doses of surfactant replacement therapy was 
significantly lower in the surfactant and budesonide 
group in our study.

Since the blood gas analyses after surfactant 
administration were not significantly different 
among the two studied groups, we suggest our used 
volume of budesonide could not dilute surfactant at 
the liquid-air surface.

No serious side effects, including hyperglycemia, 
were seen. This study is the first single-center trial 
in our country about preventing BPD using a 
budesonide and surfactant combination. We have 
not assessed the long-term possible side effects 
of surfactant + budesonide replacement therapy 
in preterm infants. Our study was limited by its 
small sample size, short-term follow-up, and lack 
of long-term neurodevelopmental assessment. We 
recommend future studies with large number of 
patients and long-term follow-up to determine 
possible side effects.

C O N C LU S I O N
The intratracheal administration of surfactant 
and budesonide combination improves short-
term outcomes in preterm infants with respect to 
the incidence of BPD, need for repeated doses of 
surfactant, and the duration of assisted ventilation 
and hospitalization. Large, adequately powered 
clinical trials with long term safety assessment are 
needed to confirm our findings before its routine use 
can be recommended.

Disclosure
The authors declared no conflicts of interest. This study was 
financial supported by Pediatric Health Research Center. 

Acknowledgements
We thank the NICU nurses involved in the care of study infants. 
We also thank Mrs. M Sami, Z Salimi, and H Namdar for their 
valuable help.

r efer ences
1. Engle WA; American Academy of Pediatrics Committee 

on Fetus and Newborn. Surfactant-replacement therapy 
for respiratory distress in the preterm and term neonate. 
Pediatrics 2008 Feb;121(2):419-432. 

2. Owen LS, Manley BJ, Davis PG, Doyle LW. The evolution 
of modern respiratory care for preterm infants. Lancet 
2017 Apr;389(10079):1649-1659. 

3. Soll RF. Prophylactic natural surfactant extract for 
preventing morbidity and mortality in preterm infants. 

Cochrane Database Syst Rev 2000;(2):CD000511.
4. Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, 

Shankaran S, et al; Eunice Kennedy Shriver National 
Institute of Child Health and Human Development 
Neonatal Research Network. Trends in care practices, 
morbidity and mortality of extremely preterm neonates 
1993-2012. JAMA 2015 Sep;314(10):1039-1051. 

5. Fanaroff AA, Stoll BJ, Wright LL, Carlo WA, Ehrenkranz 
RA, Stark AR, et al; NICHD Neonatal Research 
Network. Trends in neonatal morbidity and mortality for 
very low birthweight infants. Am J Obstet Gynecol 2007 
Feb;196(2):147.e1-147.e8.

6. Ambalavanan N, Van Meurs KP, Perritt R, Carlo WA, 
Ehrenkranz RA, Stevenson DK, et al; NICHD Neonatal 
Research Network, Bethesda, MD. Predictors of death 
or bronchopulmonary dysplasia in preterm infants with 
respiratory failure. J Perinatol 2008 Jun;28(6):420-426. 

7. Antonucci R, Contu P, Porcella A, Atzeni C, Chiappe 
S. Intrauterine smoke exposure: a new risk factor 
for bronchopulmonary dysplasia? J Perinat Med 
2004;32(3):272-277.

8. Avery ME, Tooley WH, Keller JB, Hurd SS, Bryan MH, 
Cotton RB, et al. Is chronic lung disease in low birth 
weight infants preventable? A survey of eight centers. 
Pediatrics 1987 Jan;79(1):26-30.

9. Bose C, Van Marter LJ, Laughon M, O’Shea TM, Allred 
EN, Karna P, et al; Extremely Low Gestational Age 
Newborn Study Investigators. Fetal growth restriction and 
chronic lung disease among infants born before the 28th 
week of gestation. Pediatrics 2009 Sep;124(3):e450-e458.

10. Palta M, Gabbert D, Weinstein MR, Peters ME. 
Multivariate assessment of traditional risk factors for 
chronic lung disease in very low birth weight neonates. The 
newborn lung project. J Pediatr 1991 Aug;119(2):285-
292. 

11. Lavoie PM, Pham C, Jang KL. Heritability of 
bronchopulmonary dysplasia, defined according to the 
consensus statement of the national institutes of health. 
Pediatrics 2008 Sep;122(3):479-485. 

12. Darlow BA, Horwood LJ. Chronic lung disease in very 
low birthweight infants: a prospective population-based 
study. J Paediatr Child Health 1992 Aug;28(4):301-305. 

13. Cotton RB. The relationship of symptomatic patent 
ductus arteriosus to respiratory distress in premature 
newborn infants. Clin Perinatol 1987 Sep;14(3):621-633. 

14. Van Marter LJ, Allred EN, Pagano M, Sanocka U, Parad 
R, Moore M, et al. Do clinical markers of barotrauma and 
oxygen toxicity explain interhospital variation in rates 
of chronic lung disease? The neonatology committee 
for the developmental network. Pediatrics 2000 
Jun;105(6):1194-1201.

15. Van Marter LJ, Pagano M, Allred EN, Leviton A, Kuban 
KC. Rate of bronchopulmonary dysplasia as a function 
of neonatal intensive care practices. J Pediatr 1992 
Jun;120(6):938-946.

16. Kraybill EN, Runyan DK, Bose CL, Khan JH. Risk factors 
for chronic lung disease in infants with birth weights of 
751 to 1000 grams. J Pediatr 1989 Jul;115(1):115-120. 

17. Pierce MR, Bancalari E. The role of inflammation in the 
pathogenesis of bronchopulmonary dysplasia. Pediatr 
Pulmonol 1995 Jun;19(6):371-378.

18. Groneck P, Speer CP. Inflammatory mediators and 
bronchopulmonary dysplasia. Arch Dis Child Fetal 
Neonatal Ed 1995 Jul;73(1):F1-F3. 

19. Baier RJ, Majid A, Parupia H, Loggins J, Kruger TE. 
CC chemokine concentrations increase in respiratory 
distress syndrome and correlate with development of 
bronchopulmonary dysplasia. Pediatr Pulmonol 2004 
Feb;37(2):137-148. 

20. Beresford MW, Shaw NJ. Detectable IL-8 and IL-10 
in bronchoalveolar lavage fluid from preterm infants 
ventilated for respiratory distress syndrome. Pediatr Res 
2002 Dec;52(6):973-978. 



M a n i zh eh  M .  Gh a r eh bagh i ,  et  a l .

21. Munshi UK, Niu JO, Siddig MM, Parton LA. Elevation 
of IL-8 and IL-6 preceds the influx of neutrophils in 
tracheal aspirates from preterm infants who develop 
bronchopulmonary dysplasia. Pediatr Pulmonol 
1997;24(5):331-336.

22. Rademaker KJ, de Vries LS, Uiterwaal CS, Groenendaal 
F, Grobbee DE, van Bel F. Postnatal hydrocortisone 
treatment for chronic lung disease in the preterm newborn 
and long-term neurodevelopmental follow-up. Arch Dis 
Child Fetal Neonatal Ed 2008 Jan;93(1):F58-F63.

23. Buimer M, van Wassenaer AG, Kok JH. Postnatal 
administration of dexamethasone for weaning off 
the ventilator affects thyroid function. Neonatology 
2008;94(3):164-169. 

24. Mokra D, Mokry J. Glucocorticoids in the treatment of 
neonatal meconium aspiration syndrome. Eur J Pediatr 
2011 Dec;170(12):1495-1505.

25. yang CF, Lin CH, Chiou Sy, yang yC, Tsao PC, Lee 
yS, et al. Intratracheal budesonide supplementation in 
addition to surfactant improves pulmonary outcome in 
surfactant-depleted newborn piglets. Pediatr Pulmonol 
2013 Feb;48(2):151-159.

26. Borchard G, Cassará ML, Roemelé PE, Florea BI, Junginger 
HE. Transport and local metabolism of budesonide and 
fluticasone propionate in a human bronchial epithelial 
cell line (Calu-3). J Pharm Sci 2002 Jun;91(6):1561-1567.

27. Zhang ZQ, Zhong y, Huang XM, Du LZ. Airway 

administration of corticosteroids foe prevention of 
bronchopulmonary dysplasia in premature infants: a 
meta-analysis with trial sequential analysis. BMC Pul Med 
2017;17:207.

28. yeh TF, Chen CM, Wu Sy, Husan Z, Li TC, Hsieh WS, et 
al. Intratracheal administration of budesonide/surfactant 
to prevent bronchopulmonary dysplasia. Am J Respir Crit 
Care Med 2016 Jan;193(1):86-95.

29. Ballard JL, Khoury JC, Wedig K, Wang L, Eilers-
Walsman BL, Lipp R. New Ballard score, expanded to 
include extremely premature infants. J Pediatr 1991 
Sep;119(3):417-423. 

30. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J 
Respir Crit Care Med 2001 Jun;163(7):1723-1729.

31. Bassler D. Inhalation or instillation of steroids for the 
prevention of bronchopulmonary dysplasia. Neonatology 
2015;107(4):358-359.

32. Li L, yang C, Feng X, Du y, Zhang Z, Zhang y. Effects 
of intratracheal budesonide during early postnatal life on 
lung maturity of premature fetal rabbits. Pediatr Pulmonol 
2018 Jan;53(1):28-35. 

33. yeh TF, Lin HC, Chang CH, Wu TS, Su BH, Li TC, 
et al. Early intratracheal instillation of budesonide 
using surfactant as a vehicle to prevent chronic lung 
disease in preterm infants: a pilot study. Pediatrics 2008 
May;121(5):e1310-e1318.


