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Abstract
Objective: Bronchopulmonary dysplasia (BPD) is one of the major challenges in preterm infants despite
the therapeutic improvement. Airway administration of budesonide might be a safe and effective way.
However, the optimal timing of airway administration is under determined. The meta-analysis was
designed to evaluate the effectiveness and safety of early (≤1d after birth) and late (>1d after birth)
airway administration of budesonide in decreasing the incidence of BPD and death as the primary
outcome .

Methods: PubMed, EMBASE, the Cochrane Library, China national knowledge internet (CNKI), China
biology medicine disc (CBM), WANFANG data, and China Science and Technology Journal Database were
searched for RCTs that compared airway administration of budesonide with controls. The meta-analysis
was performed using Review Manager 5.3. 

Results: Airway administration of budesonide decreased the risk of BPD at 36 weeks PMA and the
composite outcome of BPD or death (RR=0.64, 95%CI: 0.55~0.75 and RR=0.71, 95%CI:
0.57~0.89).Moreover, 37% and 36% reduction was observed in the incidence of BPD and the composite
outcome of BPD or death in the early airway administration group (≤1d) (RR=0.63, 95%CI: 0.53~0.75 and
RR=0.64, 95%CI: 0.47~0.87 ), while no difference was found in late airway administration group (>1d)
(RR=0.74, 95%CI: 0.49~1.13 and RR=0.88, 95%CI: 0.64~1.21).

Conclusion: early airway administration (≤1d) of budesonide reduced the incidence of BPD alone or
composite outcome of death or BPD, and it is safe without increasing death as well as other short-term
side effects. However, because of the small number of infants in late airway administration group and
lacking of long-term follow-up, more randomized controlled trials are needed to testify for the outcomes.

Keywords: Budesonide, bronchopulmonary dysplasia, premature infants, meta-analysis, airway
administration.

1 Background
Bronchopulmomary dysplasia (BPD) is one of the most common respiratory diseases in premature
infants, especially in extremely low birth weight infants [1, 2]. The in�ammation plays an important
mediator of injury in the pathogenesis of BPD [2, 3], and corticosteroids are widely used in BPD for its ant-
in�ammatory property [4]. Systemic corticosteroid was associated with many adverse short- or long-term
outcomes although it signi�cantly reduced the risk of BPD [5, 6]. Therefore, airway administration of
corticosteroids is an effective and safe alternative for fewer side effects [7]. Budesonide is one of
optional airway administration of corticosteroids in the Neonatal Intensive Care Unit [8]. Bassler et al. [9]
found that inhaled budesonide from <24 hours to the infants no longer required oxygen and positive-
pressure support or they reached 32 weeks PMA couldn’t increase the neurodevelopmental disability at 2
years among surviving extremely preterm infants. Several studies with different intervention time
demonstrated diverse conclusions of the effect on BPD prevention with local administration of
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corticosteroids [10–12]. As in most RCTs involved, the onset of airway administration of budesonide was
within 1 day after birth, our aim was to address the question whether airway administration of
budesonide, especially the early onset of intervention (≤1d after birth) could reduce the incidence and
improve the outcome of BPD at 36 weeks PMA in premature infants.

2 Methods
The studies added to the review must satisfy the following criteria: 1. Population: Preterm infants
(<37weeks); 2. Intervention: Administration of budesonide (or budesonide-surfactant mixture) 3. More
than one of the following outcomes: primary outcome of BPD (de�ned by the need for supplemental
oxygen or positive pressure support at 36 weeks PMA) and or death, side effects of infection or sepsis,
intraventricular hemorrhage (IVH), and retinopathy of prematurity (ROP); 4.Study design: Randomized
controlled trials (RCTs); 5. Language: Without restrictions. The exclusion criteria: 1. the de�nition of BPD
was different from this article (de�ned as requirement of supplemental oxygen at 28 days of life); 2.
Studies existed severe bias based on Cochrane Handbook.

The search strategies were conducted by referring the Cochrane Handbook for Systemic Review of
Interventions [13]. A systematic literature search was performed in February 28, 2019, and the databases
included PubMed, EMBASE, the Cochrane Library, and Chinese data repositories including China national
knowledge internet (CNKI), China biology medicine disc (CBM), WANFANG data, and China Science and
Technology Journal Database from their inceptions. The keywords included neonate, infant, newborn,
preterm neonate, Preterm infant, premature infant, budesonide, glucocorticoids, corticosteroids, Inhaled
corticosteroids, and bronchopulmonary dysplasia. Two reviewers (Wang and Chen) independently
identi�ed all abstracts and studies and assessed for inclusion. Full papers were retrieved and inclusion
criteria checked by using the Cochrane collaboration tool. We excluded the studies which didn’t relate to
our topic by reviewing the titles and abstracts, then read the full texts remained to select eligible studies
that met our included criteria. We collected data by predesigned forms including the basic characteristics,
study design, inclusion criteria, intervening measures, the number of people in the experimental group and
control group, and outcomes of the included studies, and we rated the included studies to high risk of
bias, low risk of bias, and unclear risk of bias by using the Cochrane collaboration tool [14]. The
disagreements we met resolved by discussing with each other.

The data analysis was performed by using version 5.3 of Review Manager. We used Chi-square test (χ2

test) and I2 statistics to assess heterogeneity. When the P value was > 0.1 or I2 was ≤50% [15], it was
considered there was homogeneity between trials. The outcomes of this system review all were
dichotomous outcomes, so we used Z test and risk relative (RR) of 95% con�dence interval (CI) to
estimate the treatment effect, and we performed subgroup analysis according to the different intervention
time. There were considered statistically signi�cant if the P value was < 0.05 or the range of value of 95%
CI excluded the null. Otherwise, no statistically signi�cant existed.

3 Results
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3.1. Study selection.

We totally identi�ed 720 articles after excluding duplicates and same articles in different databases.
However, only 28 articles were potentially satis�ed the included criteria by reviewing the titles and
abstracts. Finally, 7 eligible articles were included for further analysis [16–22], and 21 articles were
excluded for one study without control group, twelve studies with different diagnosis of BPD, and eight
studies without su�cient outcomes (Figure1).

3.2. Characteristics and risk bias of the included studies.

The summary of 7 RCTs was shown in Tables 1–2 which included the baseline characteristics and
details. The 7 RCTS contained a total of 1393 infants, and the publication dates ranged from 1998 to
2017. The Figures 2–3 summarized the quality assessments of these studies. Three studies were
deemed to have low risk of bias [19–21], one studies was deemed to have a high risk of bias [18] due to
attrition bias, and 4 studies were deemed to have an unclear risk of bias [16–18, 22]. There were 4 studies
[19–22] including 1283 infants which of the intervention time were within 1 day after birth and the
intervention time of 3 studies [16–18] was at the 3rd and 7th day after birth with 110 infants included.

3.3. Primary outcomes.

All included studies recorded the incidence of BPD and death. Airway administration of budesonide
decreased the incidence of BPD and the composite outcome of BPD or death (RR = 0.64, 95%CI:
0.55~0.75, and RR = 0.71, 95%CI: 0.57~0.89). To evaluate the intervention timing, we classi�ed the
participants to two subgroups: early airway administration (≤1d) [19–22] (subgroup1) and late airway
administration (>1d) [16–18] (subgroup2). Early airway administration showed a reduction in the
incidence of BPD and the risk of mortality or BPD (RR = 0.63, 95%CI: 0.53~0.75 and RR = 0.64, 95%CI:
0.47~0.87). With respect to the late airway administration (>1d), there was no statistical signi�cance in
reduction in incidence of BPD and the risk of mortality or BPD (RR = 0.74, 95%CI: 0.49~1.13 and RR =
0.88, 95%CI: 0.64~1.21) (Figure 4 and Figure5). Compared with control group, no signi�cant differences
in mortality were recorded in budesonide group (RR = 0.94, 95%CI: 0.60~1.47), early airway
administration (RR = 0.86, 95%CI: 0.51~1.44) and late airway administration (RR = 1.60, 95%CI:
0.59~4.33) (Figure6).

3.4 Secondary outcomes.

As for the side-effect events, we mainly recorded the incidence of infection (or sepsis), IVH, and ROP. All
studies recorded the incidence of infection (or sepsis). One study [17] didn’t report the rate of IVH and two
studies [17, 18] lack of recording the incidence of ROP. No signi�cant differences were found in the side-
effect events of the 7 RCTS (Table3–5).

4 Discussion
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7 RCTs [16–22] were involved in this meta-analysis, our aim was to evaluate the effectiveness and safety
of airway administration of budesonide for BPD and try to assess optimal intervention time. In accord
with previous meta-analysis, airway administration of budesonide was recorded to reduce the incidence
of BPD in our study. Furthermore, we found that early airway administration of budesonide (≤1 day) was
associated with a decreased risk of BPD in preterm infants without increasing death, infection or sepsis,
IVH, and ROP. Early airway administration of budesonide can also prevent BPD or death, but signi�cant
heterogeneities were found between trials which might be due to the different ways for budesonide
administration. Among them, budesonide was instilled through trachea in 3 studies [19, 21, 22], and in the
rest of studies [16–18, 20], budesonide was inhaled with nebulizer. And Yi-jiang Chen et al. [23]
demonstrated that instillation budesonide might be better than inhalation by meta-analysis.

In�ammation is one of the key pathophysiologic mechanisms of BPD [2, 3, 24], and Proin�ammatory
cytokines are important mediators in the early in�ammatory response [25]. Immature lung of premature
infant was vulnerable to prenatal and early postnatal infections, hyperoxia, and mechanical ventilation
which would cause a proin�ammatory response and lead to complex in�ammatory response and
pulmonary alveoli reconstruction [24, 25]. Antenatal infections and early postnatal systemic in�ammation
contributed to BPD pathogenesis [26, 27]. Budesonide is a potentially effective and safe therapy for
prevention BPD delivered by Inhalation and instillation [8, 9, 28].

However, the appropriate intervention time about the airway administration of budesonide for prevention
of BPD still remains controversial at present. Cole et al. [12] suggested that early inhaled beclomethasone
between 3 to 14days failed to prevent BPD. Two recent meta-analysis [10, 11] have analyzed the
effectiveness of inhaled corticosteroids for prevention BPD at different timepoint with different
conclusions. Onland W et al. [10] found late inhalation corticosteroids after 7 days of life didn’t prevent
the BPD, while Shah et al. [11] found inhaled corticosteroids reduced the incidence of BPD earlier than
2weeks of life signi�cantly. The different intervention time and the lack of subgroup analysis as we
performed attenuated the accuracy and effectiveness of those studies. Therefore, it is necessary to
compare the e�cacy of early and late airway administration of corticosteroids classi�ed by a certain
timepoint. Moreover, multiple corticosteroids involved may complicate their results. In our meta-analysis,
the intervention time ranged from 1 to 7 days after birth in 7 RCTs. The pulmonary in�ammatory
response starts very early after birth and may appear prenatally in preterm infants with BPD [29, 30].
Aghai et al. found histological chorioamnionitis was associated with increased proin�ammatory
mediators within 48 hours after birth [31]. Yeh et al. [32] and Soll et al. [33] found early (≤1d) use of
systemic postnatal corticosteroids, as compared with control group, could reduce BPD and didn’t increase
death. Therefore, we set 1 day after birth to differentiate “early” and “late” airway administration of
corticosteroids. As for the strong local anti-in�ammatory property of budesonide [34], our meta-analysis
focuses on reviewing the effectiveness and safety of budesonide. In our review, we �nd that airway use of
budesonide can prevent BPD at 36 weeks PMA. What’s more, the subgroup analysis shows early (≤1d)
airway administration of budesonide decreased BPD remarkably. However, late (>1d) use of budesonide
failed to reduce BPD signi�cantly. Our positive �nding might due to the early anti-in�ammation property
of budesonide. It tended to decrease the number of in�ammatory cells, promote endogenous SP-B
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synthesis and secretion which help to reduce alveolar surface tension, and promote alveoli development
[34]. Moreover, budesonide can restrain chemokine mRNA synthesis and degrade previously secreted
chemokine, and after use, the budesonide repression began by 4 hours with high potency and slow
reversibility [35, 36]. Therefore, earlier airway administration of budesonide might be preferred to reduce
lung injury and BPD. AS for the late intervention time of included studies in our meta-analysis is at the 3rd

and 7th day after birth, we draw a similar conclusion with Onland W et al. [10], but this conclusion should
be interpreted with caution because the number of infants is small.

As for the adverse effects, our meta-analysis shows that airway administration of budesonide is safe
because it doesn’t increase the risk of short-term side effects including death, infection or sepsis, IVH, and
ROP which is similar to Shiwell E.S et al. [28] and Zhang Z.Q et al [37]. 0ur meta-analysis lacks of
recording long-term side effects about the budesonide. Kelly et al. [38] and Bassler et al. [9] found that
inhaled corticosteroids were not associated with neurodevelopmental impairment. However, Bassler et al.
[9] found the higher mortality with budesonide in their study at a corrected age of 18 to 22 months (1.37;
95% [CI], 1.01 to 1.86; P = 0.04). And they thought the higher mortality in budesonide group might be
unreliable because it was of nominal statistical signi�cance and may have been due to chance.
Therefore, inhaled budesonide may be no obvious long-term side effects.

Several limitations in our review which might affect the interpretation of results can be seen as follows.
Firstly, small number of late administration group and the late intervention time limited to the 3rd and 7th

day after birth might abate accuracy and reliability. Secondly, due to the different de�nition of BPD, the
incidence of BPD ranged from 6% to 57% [39]. The de�nition of BPD in this meta-analysis referred to
preterm infants who need oxygen dependence at 36 weeks PMA, therefore, many studies with other
de�nitions of BPD (de�ned as requirement of supplemental oxygen at 28 days of life) were excluded.
Thirdly, in the RCT by Kovacs et al [16], the steroid group received systemic dexamethasone for 3 days
followed by nebulized budesonide for 18 days, and it might be debatable whether this trial should have
been included in this meta-analysis due to use dexamethasone. It maybe don’t make a noticeable
difference because Halliday et al [40] found there were no signi�cant differences for the oxygen
dependency at 36 weeks PMA or death by comparing dexamethasone with inhaled budesonide in preterm
infants. Moreover, the budesonide-delivery ways, dose, duration, frequency and whether to use pulmonary
surfactant are also different in trials leading to signi�cant heterogeneities to some of our �ndings. Finally,
the present meta-analysis lacks of recording the long-term side effects, so lots of RCTs are needed to
establish the long-term safety.

5 Conclusions
In our meta-analysis, early airway administration (≤1d) of budesonide reduced the incidence of BPD at
36 weeks PMA and airway administration of budesonide is a safe therapy without increasing death and
other side-effect events. However, because of the small number of infants in late airway administration of
budesonide and lacking long-term effects, more randomized controlled trials are needed to testify for the
outcomes and long-term safety.
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Figure 1

The �ow diagram of selecting studies
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Figure 2

Risk of bias graph

Figure 3

Risk of bias summary for all included records
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Figure 4

Budesonide vs control (BPD)

Figure 5

Budesonide vs control (BPD or Death)
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Figure 6

Budesonide vs Control (Death)
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