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ABSTRACT

Background: Neonatal respiratory distress syndrome (NRDS) in preterm
infants is a critical condition often necessitating urgent medical
intervention. This meta-analysis assesses the efficacy and safety of
combining surfactant with budesonide for treating NRDS in preterm
neonates, emphasizing respiratory outcomes.

Methods: We performed a systematic review of databases (PubMed,
Embase, Cochrane Library) following PRISMA guidelines from inception
to July 30, 2024. Studies comparing budesonide-surfactant combination
therapy to surfactant alone in NRDS were included. Respiratory outcomes
evaluated included duration of mechanical ventilation, continuous positive
airway pressure (CPAP), length of hospitalization, and frequency of a
second surfactant dose. The outcomes were the incidence of
bronchopulmonary dysplasia (BPD) and mortality rates. Data from eligible
studies were pooled for meta-analysis using a random-effects model.

Results: Ten articles involving 920 infants in the treatment group and
1167 in the control group were analyzed. The combination therapy
significantly reduced mechanical ventilation time, hospitalization
duration, and CPAP use and decreased the need for a second surfactant
dose. The treatment group also showed significantly lower mortality rates
(OR = 0.694, 95% CI: 0.52, 0.927, P < 0.05) and BPD incidence (OR =
0.639, 95% CI: 0.525, 0.778, P < 0.001) compared to controls.

Conclusion: Budesonide-surfactant therapy for NRDS in preterm infants
effectively reduces mechanical ventilation time and hospitalization. It also
significantly lowers mortality rates, the need for a second surfactant dose,
and BPD incidence, indicating its potential for widespread application in
NICUs. Further large-scale trials are needed to validate these findings and
assess long-term outcomes.
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Introduction

eonatal respiratory distress syndrome
N (NRDS) is a prevalent complication in
preterm neonates, primarily caused by
inadequate surfactant production, which
results in respiratory difficulties and
considerable morbidity.! While traditional
treatment has relied on exogenous surfactant
administration, recent research has begun to
investigate adjunct therapies that could further
improve outcomes.? NRDS poses a significant
challenge in the management of premature
newborns, potentially leading to complications
such as bronchopulmonary dysplasia (BPD).>#
Current treatment strategies for NRDS include
surfactant replacement therapy, continuous
positive airway pressure (CPAP), and
mechanical ventilation.® Nevertheless, the
search for more effective and less invasive
treatment options continues to progress in
neonatal medicine.®
Surfactant replacement therapy remains the
standard approach for NRDS; however,
concerns regarding inflammation and lung
injury associated with this treatment have
spurred research into alternative medicines.
One promising strategy involves the
combination of budesonide, a corticosteroid,
with surfactant administration.” Budesonide
serves as an anti-inflammatory agent, targeting
the inflammatory processes involved in the
pathogenesis of NRDS. By mitigating lung
inflammation, budesonide aims to reduce
pulmonary injury and enhance respiratory
function in preterm neonates.®
Several studies have indicated that the
budesonide-surfactant combination may be
more effective than surfactant alone. For
instance, Marzban et al. found no significant
difference in mortality rates or BPD between
the two treatment groups; however,
administering surfactant with budesonide to
infants under 30 weeks gestational age
significantly decreased mortality compared to
surfactant alone. These results suggest that this
combination therapy could be particularly
advantageous for preterm infants born at less
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than 34 weeks gestation and weighing less than
1500 grams.® Conversely, Moschino et al.
reported that in very preterm infants with very
low birth weight (VLBW) and severe NRDS,
the combination of budesonide with surfactant
did not significantly impact the incidence of
BPD, death, or the combined outcome of BPD
or death at 36 weeks postmenstrual age.
However, the combination therapy was
deemed safe.”

Recent investigations have focused on the
efficacy of combining budesonide with
surfactant to enhance outcomes for preterm
infants with NRDS. This meta-analysis aims to
evaluate the effectiveness of budesonide-
surfactant therapy in comparison with standard
surfactant therapy alone, concentrating on
respiratory outcomes, particularly the need for
mechanical ventilation. Additionally, it will
assess key outcomes such as mortality rates
and the incidence of BPD. By analyzing these
factors, the research provides valuable insights
for neonatologists and pediatricians in shaping
their treatment strategies for infants affected
by NRDS.

Materials and Methods

Search Strategy

We conducted a systematic review of recent
studies on the combination of budesonide and
surfactant for treating neonates with NRDS,
identifying relevant trials up to August 2024.
Our search utilized both subject headings and
text keywords related to budesonide,
surfactant, RDS, BPD, mortality, and neonates
across databases such as Google Scholar,
Wanfang, Weipu, CNKI, PubMed, Embase,
and Cochrane Library.

Study Selection

Two independent reviewers screened all
citations for inclusion and extracted potentially
relevant studies for full-text review. They also
evaluated the full texts, resolving disagreements
through consensus with a third reviewer.
Inclusion criteria  focused on original
randomized clinical studies, cohort studies, and
case-control studies comparing the budesonide-
surfactant combination with surfactant alone in
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NRDS neonates. We excluded systematic
reviews, narrative reviews, letters, comments,
preprints, abstracts, case reports, and articles
not in English if data could not be extracted
from the abstract.

Data Extraction and Quality Assessment
Data was abstracted and stored in a customized
Excel sheet, covering study design, patient
characteristics, interventions, and outcomes,
including the duration and frequency of
invasive ventilation, additional surfactant
doses, hospitalization length, BPD incidence,
and mortality rates. Variations in definitions of
outcomes were noted.

Bias assessment utilized the Cochrane
Collaboration risk of bias tool, evaluating
random  sequence  generation, allocation
concealment, caregiver blinding, outcome
assessment, incomplete data, selective reporting,
and important cointerventions. A study was
deemed at high risk of bias in any domain, except
for caregiver blinding, where standardization of
mechanical ventilation, sedation, and weaning
was accepted to reduce performance bias in these
necessary unblinded trials.

Outcomes

Key outcomes included respiratory parameters
such as days on mechanical ventilation,
hospitalization, CPAP duration, and the
number of second surfactant doses. The key
outcomes in this meta-analysis were mortality
rates and BPD incidence.

Statistical Analysis

We weighted studies using the inverse variance
method and pooled data with a random effects
model, considering a P value of 0.05 or less
statistically significant. A priori subgroup
analyses  compared  surfactant-budesonide
studies to those using surfactant alone. To assess
publication bias, we visually examined funnel
plots of treatment effect against study precision.
All statistical analyses were conducted using
comprehensive meta-analysis software.

Results

Selected studies characteristics
The meta-analysis of budesonide-surfactant
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treatment for NRDS revealed significant
findings across various outcomes. This study
incorporated randomized clinical trials.!®® and
observational studies,*”'® concentrating on very
low birth weight (VLBW) and premature
newborns. A total of ten studies were analyzed,
with 920 infants in the budesonide-surfactant
treatment group (test group) and 1,167 infants in
the surfactant-only group (control group). The
gestational ages of the infants ranged from 24 to
32 weeks, and both groups received standard
care for NRDS, with the addition of budesonide
in the test group. Study characteristics are
summarized in Table 1.

Respiratory Outcomes

Mechanical Ventilation Duration: The effect
of surfactant combined with budesonide on
mechanical ventilation time in infants with
NRDS was assessed in five studies involving
662 children (330 in the test group and 332 in
the control group). The control group required
an average of 44.54 days of mechanical
ventilation, compared to 28.12 days in the test
group, indicating a reduction of 16 days in the
test group (Table 2). Meta-analysis
demonstrated that the combination of
pulmonary  surfactant and  budesonide
significantly reduced ventilation duration, with
a Standardized Mean Difference (SMD) of
0.425 (95% CI: 0.270 to 0.580) and a p-value
< 0.001 (Table 3, Figure 1). This suggests that
budesonide may enhance  respiratory
stabilization,  thereby  decreasing  risks
associated with  prolonged mechanical
ventilation, such as ventilator-associated lung
injury and infections.

CPAP Duration: In the control group, the
average CPAP duration was 23.61 days, while
the intervention group averaged 18.51 days,
indicating a significant reduction in CPAP use
with the addition of budesonide to surfactant
therapy (Table 2). The pooled effect size showed
an SMD of 0.280 (95% CI: 0.107 to 0.453) with
a p-value < 0.001, further supporting the efficacy
of this combination in reducing prolonged CPAP
therapy (Table 3, Figure 2).
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Table 1. Key Features of Randomized Controlled Trials and Observational Studies in the Meta-Analysis.

Author/Year Country Sample size Gestational Age (weeks) Birth Weight (g) Intervention/Treatment
Yeetal, 2016 Taiwan/USA 131/134 26.5/26.8 <1500/<1500 Budesonide 0.25 mg/kg + Beractant 100 mg/kg
. Poractant alfa 200 mg/kg + Bud ide 0.25
Gharehbaghi et al., 2021 Iran 64/64 <30/<30 <1500/<1500 oractant affa r:]% /k% udesonide
Heo et al., 2020 South Korea 16/18 28 +1/28+2 <1500/<1500 Calfactant 105 mg/kg + Budesonide 0.25 mg/kg
Moschino et al., 2021 Italy 18/18 <28/<28 <1500/<1500 Curosurf 200 mg/kg + Budesonide 0.25 mg/kg
Kothe et al., 2020 ( USA 173/294 26.7+2.1/26.7+2.1 <1250/<1250 Budesonide 0.25 mg/kg + Beractant 100 mg/kg
1139.86 + 230.28/1186 * 2.5ce/kg of f solution + 2 kg of
Baghal Safa et al., 2023 Iran 35/35  29.34+210/20.94 £ 211 o086+ 23028/1186 Scc/kg of Curosurf solution + 250 wkg o
224.14 Palmicort
+
Marzban et al., 2024 Iran 67/67 31.66 + 2.84/31 +£2.96 1584.55 £ 505.02/1465.45 NA
+520.88
28.94+157/29.015+  1134.97 +237.61/1190 £ Each infant received Budesonide once at a dose of
A i 1., 202 |
rmanian et al., 2023 fan 95/95 1.57 289.33 0.25 mg/kg (0.5 cc/kg)
Anderson et al., 2021 USA 173294  26.7+2.1/26.7+2.1 <1250/<1250 Budesonide 0.25 mgfkg mixed with Beractant
surfactant 4 mL/kg
Kashaki et al., 2023 Iran 148/148 <37/<37 <1500/<1500 Surfactant (Braksurf) + Budesonide 0.25 mg/kg

In this table, the left numbers represent the test group (surfactant and Budesonide) and the right numbers represent the control group (solely of surfactant.)

Table 2. Comparison of outcomes of respiratory support in neonates with NRDS between two groups

Study Number Hospitalization (day) Second Dose of Surfactant (n) MV (day) CPAP (day)
Test  Control Test Control Test Control Test Control Test Control

Gharehbaghi et al., 2021 64 64 - - - - 1.38 5.50 4.04 5.21
Heo et al., 2020 16 18 73.2 91.9 5 8 14.7 26.3 - -
Moschino et al., 2021 18 18 - - - - - - 5 3
Kothe et al., 2020 166 280 - - - - - - - -
BaghalSafa et al., 2023 35 35 30.11 42.23 3.60 6.11 7.77 13.90
Marzban et al., 2024 67 67 16.15 16.21 13 41 2.85 4.37 - -
Kashaki et al., 2023 148 148 4.75 27.51 25 47 5.59 2.26 1.7 15
Total 514 630 124.21 177.85 43 96 28.12 44.54 18.51 23.61

Test: surfactant+ Budesonide; Control

: surfactant; MV: mechanical ventilation
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Table 3. Summary estimates for respiratory outcomes in NRDS patients

T f . . L .
Subgroup I\XEZ:I Heterogeneity Effect size and 95% CI Publication Bias
Overall Fixed 12 (%) Py Variance SMD 95% ClI Zest  Por Pgegg Pegger
MV Fixed 56.886 0.055 0.006 0.425 0.270-0.580 5.38 0.000 0.462  0.306
CPAP Fixed 86.718 0.000 0.008 0.280 0.107-0.453 3.176 0.001 0.308 0.244

Hospitalization ~ Fixed  74.680 0.008  0.008 0.478 0.305-0.651 5.412 0.000 1.00 0.664

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error  Variance limit limit Z-Value p-Value
Gharehbaghi et al., 2021 0.522 0.180 0.032 0.169 0.874 2.902 0.004 —
Heo et al., 2020 1.444 0.386 0.149 0.688 2.200 3.745 0.000
BaghalSafa et al., 2023 0.318 0.241 0.058 -0.154 0.789 1.321 0.186 =
Marzban et al., 2024 0.192 0.173 0.030 -0.147 0.532 1112 0.266 -
Kashaki et al., 2023 0.422 0.118 0.014 0.191 0.652 3.588 0.000

0.425 0.079 0.006 0.270 0.580 5.388 0.000
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Figure 1. meta-analysis of the duration of Mechanical Ventilation between two groups
Favours A: test group; Favours B: control group

Study name Statistics for each study Std diff in means and 95% Cl

Std diff Standard Lower Upper

in means error  Variance limit limit Z-Value p-Value
Gharehbaghi et al., 2021 0.272 0.178 0.032 -0.076 0.620 1.530 0.126 . 5 |
Moschino et al., 2021 0.464 0.338 0.114 -0.198 1.126 1.375 0.169
BaghalSafa et al., 2023 1.423 0.268 0.072 0.899 1.948 5.318 0.000
Kashaki et al., 2023 0.046 0.116 0.014 -0.181 0.274 0.399 0.690

0.280 0.088 0.008 0.107 0.453 3.176 0.001 ’

-1.00 -0.50 0.00 0.50 1.00

Favours A Favours B

Figure 2. meta-analysis of the duration of CPAP between two groups

Length of Hospital Stay: Four studies
reported on the length of hospital stay,
including 534 newborns (266 in the test group
and 268 in the control group) (Table 2). The
meta-analysis indicated that the budesonide-
surfactant combination significantly shortened
hospitalization duration, with an overall SMD
of 0.478 (95% CI: 0.305 to 0.651) and a p-
value < 0.001 (Table 3, Figure 3). Infants in the
test group experienced an average reduction of
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53 days in hospital stay (Table 2), suggesting
improved respiratory outcomes and fewer
RDS-related complications.

Second Dose of Surfactant: The need for a
second dose of surfactant was significantly
lower in the test group, with only 8.4% of
infants requiring it compared to 15.2% in the
control group (odds ratio (OR) = 0.326; 95%
Cl: 0.212, 0.50; P < 0.001) (Table 2). This
reduction indicates enhanced initial efficacy in
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respiratory stabilization with the budesonide-
surfactant combination, potentially lowering
the risks and costs of repeated dosing (Figure 4).

Mortality Rate: Ten studies reported a total
of 230 deaths, with 85 in the test group and
145 in the control group. The mortality rate
was 16.5% in the test group compared to 23%
in the control group, demonstrating a
significantly lower mortality risk with the
budesonide-surfactant combination (OR =
0.694; 95% CI: 0.52, 0.927; P < 0.05) (Table
4, Figure 5). This indicates a potential life-
saving benefit, especially for infants with
extremely low birth weight. The statistical
analysis showed P=0.882, and 12=0.00%,

Noorishadkam, et al.

justifying the use of a fixed-effect model
(Table 5).

BPD Incidence: All ten studies reported
BPD incidence among 2,087 neonates (920 in
the experimental group and 1,167 in the
control group). The analysis indicated an OR
of 0.639 (95% CI: 0.525-0.778; P<0.0001)
(Figure 6), suggesting that the budesonide-
surfactant combination significantly reduces
BPD incidence, which is crucial as BPD
contributes to chronic respiratory issues and
neurodevelopmental challenges in preterm
infants. The anti-inflammatory properties of
budesonide likely play a key role in mitigating
lung injury that leads to BPD.

Study name Statistics for each study

Std diff Standard Lower Upper

inmeans  error Variance limit
Heo et al., 2020 0.588 0.351 0.123 -0.100 1.276
BaghalSafaetal., 2023  0.382 0.241 0.058 -0.091 0.855
Marzban et al., 2024 0.002 0.173 0.030 -0.337 0.341
Kashaki et al., 2023 0.718 0.120 0.014 0483 0.953

0.478 0.088 0.008 0.305 0.651

Std diff in means and 95% CI

limit Z-Value p-Value

1675  0.094 |
1585  0.113 =
0011  0.991 —_—
5985  0.000 —l—
5412 0.000 £ =
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Figure 3. meta-analysis of the duration of hospitalization between two groups

Study name

Statistics for each study

Odds Lower Upper

Odds ratio and 95% CI

Z-Value p-Value

ratio limit limit
Heo et al., 2020 0.568 0.139 2.322 -0.787
Marzban et al., 2024 0.153 0.070 0.333 -4.724
Kashaki et al., 2023 0.437 0.252 0.759 -2.941
0326 0.212 0500 -5.126

0.431
0.000
0.003 B
0.000 <&
001 0.1 1 10 100

Favours A Favours B

Figure 4. meta-analysis of the incidence of second dose between two groups
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Table 4. Comparison of outcomes in neonates with NRDS between two groups

. Mortality BPD
Study Sample Size
Test Control Test Control
Yeh et al., 2016 265 17 22 38 67
Gharehbaghi et al., 2021 128 6 9 24 38
Heo et al., 2020 34 1 4 5 8
Moschino et al., 2021 36 1 0 8 9
Kothe et al., 2020 467 15 31 74 155
BaghalSafa et al., 2023 70 4 9 3 14
Marzban et al., 2024 134 10 19 8 10
Armanian et al., 2023 190 13 15 46 48
Anderson et al., 2021 467 15 31 106 187
Kashaki et al., 2023 296 3 5 4 13
Total 2087 85 145 316 549
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Yeh et al., 2016 0.759 0.383 1.505 -0.789 0430 —.—
Gharehbaghi etal., 2021 0632 0211 1.893 -0.819 0413 —a—
Heo et al., 2020 0233 0.023 2349 -1.235 0217
Moschino et al., 2021 3.171 0121 83.166 0.692 0489
Kothe et al., 2020 0.805 0422 1539 -0.655 0512 -
BaghalSafa etal., 2023  0.373 0.103 1.351 -1.502 0.133 =
Marzban et., 2024 0443 0188 1.044 -1.862 0.063 —
Armanian et al., 2023 0.846 0378 1.889 -0.409 0.683
Anderson et al., 2021 0805 0422 1539 -0655 0.512
Kashaki et al., 2023 0592 0139 2522 -0.709 0478 ——r—
0694 0520 0927 -2477 0.013 L 7
0.01 0.1 1 10 100
Favours A Favours B
Figure 5. meta-analysis of the incidence of mortality between two groups
Table 5. Summary estimates for outcomes and second dose of surfactant in NRDS patients
Subgroup  Type of Model Heterogeneity Odds Ratio Publication Bias
Overall Fixed 12 (%) P OR 95% CI Ztest Por PBegg nger
Mortality Fixed 0.000 0.882 0.694 0.52-0.927 -2477 0.013 -251 0.012
BPD Fixed 44,050 0.065 0.639 0.525-0.778 -4.474 0.000 -4.85  0.000

Second Dose of )
Fixed
Surfactant

62.357 0.070 0.326 0.212-0.500 -5.126 0.000 1.000 0.959
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Study name

Statistics for each study

Odds Lower Upper
limit Z-Value p-Value

ratio  limit
Yeh et al., 2016 0409 0.246 0.678 -3.460
Gharehbaghi et al.,, 2021 0411 0.202 0.835 -2.456
Heo et al., 2020 0.568 0.139 2.322 -0.787
Moschino et al., 2021 0.800 0.216 2.967 -0.334
Kothe et al., 2020 0.670 0.459 0.979 -2.072
BaghalSafa et al.,, 2023  0.141 0.036 0.550 -2.821
Marzban et., 2024 0.773 0.285 2.098 -0.506
Armanian et al., 2023 0.919 0520 1.624 -0.290
Anderson et al., 2021 0.905 0.615 1.333 -0.504
Kashaki et al., 2023 0.288 0.092 0.906 -2.128

0.639 0525 0.778 -4.474

Odds ratio and 95% CI

0.001 i
0.014
0.431
0.739

0.038 B

0.005 —_——
——
¢

0.01 0.1 1 10 100

0.613
0.772
0.614
0.033
0.000

Favours A Favours B

Figure 6. meta-analysis of the incidence of BPD between two groups

Discussion

In this study, we evaluated the effectiveness of
a budesonide-surfactant combination compared
to surfactant alone in treating NRDS, to reduce
complications. Our meta-analysis indicates that
the duration of respiratory support was shorter
in the budesonide-surfactant group than in the
surfactant-only  group. Furthermore, the
administration of the budesonide-surfactant
mixture was associated with a reduced risk of
BPD and mortality in preterm infants. All
included studies reported decreases in BPD and
mortality rates using the budesonide-surfactant
combination.

The most recent systematic reviews before
this study were conducted by Zongyan Yi et al.
in 2022. % Similar to our findings, they
demonstrated that combining pulmonary
surfactant infusion therapy with budesonide
therapy effectively reduced the duration of
mechanical ventilation, length of hospital stay,
and incidence of BPD.?° Several studies have
shown promising outcomes, particularly in
reducing BPD incidence and improving
respiratory function in preterm infants. Yeh et
al. (2016) reported a decrease in BPD or death
in both studies, with a specific reduction in
BPD observed.!! In the study by Gharehbaghi

et al., the intervention group showed a notably
lower rate of BPD. Notably, subgroup analysis
indicated that administering a combination of
surfactant and budesonide to infants under 30
weeks of age significantly decreased mortality
compared to surfactant alone. However, no
statistically significant differences were
observed between the groups for primary
outcomes.*? A cohort study by Kothe et al.
found no significant differences in the
incidence of BPD, death, or the composite
outcome of BPD or death when using
combination therapy. Nonetheless, budesonide
was associated with a decrease in the need for
prolonged mechanical ventilation, severe BPD
type 11 or death, and grade 11l BPD or death.®

Interestingly, some studies have reported
secondary benefits of the combination
therapy. For instance, infants treated with
budesonide-surfactant exhibited a lower rate
of admissions to pediatric wards due to
respiratory infections within the first year of
corrected age.!® This finding suggests
potential long-term respiratory benefits that
merit further investigation. The method of
administration appears to affect the
treatment's efficacy, with subgroup analyses
showing that tracheal instillation of
budesonide-surfactant was more effective

World J Peri & Neonatol 2024; VVol. 7; No. 1 23

http://wjpn.ssu.ac.ir



Corticosteroid Administration in NRDS Treatment

than nebulization in reducing mechanical
ventilation time and length of hospital stay.
20,21 This information could be valuable for
clinicians when deciding on the most
appropriate administration method. The
mechanism behind budesonide's effectiveness
in improving respiratory function and
preventing BPD is multifaceted. It acts as a
local anti-inflammatory  glucocorticoid,
increases the synthesis of pulmonary
surfactant, and  possesses  antioxidant
properties.?? Additionally, it inhibits the
synthesis of prostaglandins and leukotrienes,
which are involved in inflammation*,
Budesonide-surfactant therapy combines the
anti-inflammatory properties of budesonide
with the surface-tension-reducing effects of
surfactant. ~ This  synergistic  approach
addresses both the structural immaturity of
the lungs and the inflammatory cascade
associated with NRDS.23 24

The safety profile of budesonide-surfactant
combination therapy is a crucial aspect to
evaluate. Although most studies have not
shown a significant increase in adverse effects
or mortality rates associated with the
treatment, some safety concerns require
careful  attention. The absorption of
budesonide into the bloodstream has been
observed, with effects on blood cortisol
suppression and other blood metabolites
varying based on dosage.?® A study involving
dose escalation indicated that even at the
lowest tested dose of 0.025 mg/kg, minimal
systemic metabolic effects were noted while
still effectively reducing lung inflammation in
infants with elevated inflammatory status®.
This suggests that lower doses could
potentially achieve a better balance between
effectiveness and safety.

The meta-analysis of budesonide-surfactant
for NRDS treatment has highlighted its
potential benefits and limitations. While some
studies indicate promise in reducing BPD and
improving respiratory function, particularly in
very premature infants, other research has
found no significant differences in key
outcomes. This variability underscores the

24 World J Peri & Neonatol 2024; Vol. 7; No. 1

need for further research to fully understand
the treatment's effectiveness. The safety
profile of the combination therapy also
requires careful consideration, with some
studies reporting potential benefits while
others raise concerns about infection risks.
Clinicians should weigh the pros and cons
carefully when considering this treatment,
considering factors such as the infant's age, the
severity of NRDS, and any other health issues
the infant may have.

Overall, the findings support the
effectiveness of budesonide-surfactant
combination therapy in reducing the duration
of mechanical ventilation, minimizing the need
for additional interventions, and improving
survival rates in NRDS. These outcomes
suggest that adjunctive budesonide with
surfactant could offer substantial clinical
benefits, particularly for very premature
infants at high risk for long-term respiratory
and developmental issues. Further studies are
encouraged to validate these findings and
optimize treatment protocols for this
vulnerable population. It is suggested that
future analyses could benefit from additional
subgroup analyses considering different drug
dosages to enhance the accuracy and reliability
of the results.

Limitations of this research

The innovation of this study lies in its focus on
the clinical treatment of neonatal distress
syndrome and the outcomes associated with the
budesonide-surfactant combination. Given that
most of the studies did not report respiratory
outcomes such as duration of ventilation and
CPAP, and considering the relatively small
sample size of the included studies, there are
limitations to the findings. Additionally, most
included studies did not describe data blinding,
which  may introduce selection bias.
Furthermore, there is no uniform standard for
drug dosage and frequency of administration in
the current treatment protocols.
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Conclusion

This study supports the potential benefits of
budesonide-surfactant combination therapy for
treating NRDS by demonstrating reductions in
respiratory support duration and improved
outcomes, such as decreased BPD and mortality
in preterm infants. These findings align with
previous research, showing the combination
therapy’s effectiveness in reducing BPD
incidence, length of hospital stay, and
mechanical ventilation needs, particularly in
very premature infants. While the results are
promising, there is some inconsistency across
studies regarding outcomes and safety,
highlighting the need for further research to
confirm these findings and address remaining
safety concerns. The absorption of budesonide
and potential systemic effects, such as cortisol
suppression, emphasize the importance of
evaluating dosing strategies. The method of
administration also appears to impact outcomes,
with tracheal instillation showing greater
effectiveness than nebulization. Additionally,
lower doses of budesonide may balance
efficacy with a reduced risk of adverse effects.
Given the mixed evidence, clinicians should
consider each infant’s needs, NRDS severity,
and other health factors when selecting this
therapy. Further large-scale, well-designed
studies are essential to optimize dosing,
administration  methods, and treatment
protocols for this vulnerable population. With
continued research, the budesonide-surfactant
combination could offer a valuable approach to
improving respiratory outcomes and survival in
infants with NRDS.
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