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Introduction

Bronchiolitis obliterans (BO) is a rare chronic lung disease 
that can cause irreversible obstruction or occlusion of 
small airways and mainly results from a severe insult to the 

lower respiratory tract (1). There have been many reports 

of BO developing after bone marrow transplantation 

(BMT), haematopoietic stem cell  transplantation 

(HSCT), or lung transplantation (2-7). Additionally, the 

Original Article

Follow-up on the therapeutic effects of a budesonide, 
azithromycin, montelukast, and acetylcysteine (BAMA) regimen in 
children with post-infectious bronchiolitis obliterans 

Tingting Weng1, Xixi Lin2, Leying Wang1, Jiamei Lv1, Lin Dong1 

1Department of Pediatrics, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University, Wenzhou, China; 
2Department of Pharmacy, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University, Wenzhou, China

Contributions: (I) Conception and design: L Dong; (II) Administrative support: L Dong, X Lin; (III) Provision of study materials or patients: T Weng, 

L Wang, J Lv; (IV) Collection and assembly of data: T Weng, X Lin; (V) Data analysis and interpretation: T Weng, L Wang, J Lv; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Lin Dong. Department of Pediatrics, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical 

University, 109 Xueyuan Western Road, Wenzhou, China. Email: donglinek@163.com.

Background: Post-infectious bronchiolitis obliterans (PIBO) is a rare, severe chronic lung disease without 
optimal treatment. Currently, treatment in children mainly relies on systemic corticosteroids, but long-term 
use of these drugs may lead to adverse reactions. This study aimed to evaluate the short-term efficacy of the 
budesonide, azithromycin, montelukast, and acetylcysteine (BAMA) regimen in paediatric PIBO patients and 
whether it can reduce systemic corticosteroid use.
Methods: This was a prospective study. From June 2017 to July 2020, patients diagnosed with PIBO 
at Yuying Children’s Hospital of Wenzhou Medical University were treated with the BAMA regimen 
for 3 months. Methylprednisolone was added only when the clinical manifestations did not improve or 
deteriorated. All patients were followed up every 2 to 4 weeks, and changes in clinical symptoms were 
recorded. Pulmonary function tests and high-resolution computed tomography (HRCT) were performed, 
and systemic corticosteroid use was recorded after the 3-month follow-up.
Results: A total of 75 patients with PIBO were included; overall, 54 patients completed the course of 
treatment. After treatment, the respiratory manifestations were improved in 37 patients (68.5%), but 
4 patients (7.4%) showed decreased exercise tolerance, and 2 patients (3.7%) were readmitted to the 
hospital. Additionally, 17 (56.7%) of the 30 patients whose pulmonary function was re-examined showed 
improvement, and 28 (77.8%) of the 36 patients who underwent HRCT showed marked improvement. 
Importantly, 20 patients (54.1%) received systemic corticosteroids for 2 weeks or less, while 31.5% of 
patients used no corticosteroids.
Conclusions: The BAMA regimen effectively relieved clinical symptoms and signs of PIBO in children, 
improved pulmonary function and HRCT manifestations, and reduced the use of systemic corticosteroids.

Keywords: Post-infectious bronchiolitis obliterans (PIBO); budesonide; azithromycin; montelukast; acetylcysteine

Submitted Oct 30, 2020. Accepted for publication Jul 14, 2021.

doi: 10.21037/jtd-20-3195

View this article at: https://dx.doi.org/10.21037/jtd-20-3195

4784

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-3195


4776 Weng et al. Follow-up on the therapeutic effects of BAMA regimen in PIBO

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):4775-4784 | https://dx.doi.org/10.21037/jtd-20-3195

occurrence of BO in the context of autoimmune diseases 
has been reported (8). In children, the most common 
type of BO is post-infectious bronchiolitis obliterans 
(PIBO) (9). Pathogens such as adenovirus (ADV), 
respiratory syncytial viruses (RSV), and influenza viruses 
(IV) can seriously damage the lower airways, causing 
inflammation and fibrosis of the terminal bronchioles and 
respiratory bronchioles, leading to tracheal stenosis and/
or complete occlusion after lower respiratory tract injury  
(9-12). 

Although histopathology is still the gold standard for 
diagnosing and classifying PIBO, the procedure cannot be 
performed routinely owing to its invasive nature (9,13). 
Consequently, many experts diagnose PIBO on the basis 
of the clinical course, lung function, and characteristic 
computed tomography (CT) findings (10,11,14). 

PIBO seriously worsens the quality of life of affected 
children (15). At present, there is no accepted best 
treatment for children with PIBO, who mainly receive 
anti-inflammatory treatment. The use of systemic 
glucocorticoids has been proposed as a preferred method 
of PIBO treatment, but intravenous methylprednisolone 
requires frequent hospitalization during treatment, and 
the incidences of side effects and complications from this 
approach are high (16,17). Thus, it has been suggested that 
prolonged treatment with systemic corticosteroids should 
be avoided in paediatric patients (16). Some studies have 
shown that inhaled corticosteroids (ICS) have a significant 
therapeutic effect on post-HSCT patients with bronchiolitis 
obliterans syndrome (BOS) (18,19). Azithromycin is an 
indispensable drug for the treatment of PIBO in children 
because of its anti-inflammatory effects (20). Other studies 
have also shown that montelukast sodium and acetylcysteine 
have therapeutic effects in BO (21,22). At present, a 
combination regimen is used mainly for the treatment of 
adult BOS, with only one domestic study reporting the 
use of a combination therapy for children with PIBO (23). 
Here, on the basis of the encouraging results from studies 
of the fluticasone, azithromycin, and montelukast (FAM) 
regimen and the budesonide/formoterol, montelukast and 
N-acetylcysteine combination in the treatment of BOS 
after HSCT in adults, we conducted a prospective study 
to evaluate the efficacy of the budesonide, azithromycin, 
montelukast, and acetylcysteine (BAMA) regimen in 
paediatric patients with PIBO (5,19). Furthermore, we 
evaluated whether the BAMA regimen could reduce 
systemic corticosteroid use in these patients.

We present the following article in accordance with the 

STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-3195).

Methods

Study subjects

Patients with recurrent respiratory symptoms such 
as coughing and wheezing after lower respiratory 
tract infection, who went to the Pediatric Respiratory 
Department of the Second Affiliated Hospital and  
Yuying Children’s  Hospital  of  Wenzhou Medical 
University during the period from June 2017 to July 2020 
were enrolled in this study. An experienced paediatric 
respiratory specialist treated all patients who received a 
clinical diagnosis of PIBO using an identical regimen and 
follow-up evaluation.

 The inclusion criteria were meeting PIBO’s clinical 
diagnostic criteria and the use of the BAMA regimen for 
treatment. The only exclusion criterion was that the BAMA 
regimen was applied for less than 3 months.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was approved by our institutional review board 
(IRB No. LCKY2020-241). Prior to the inclusion of 
children in the study, the written, informed consent of their 
guardians was obtained.

Definition of PIBO

The diagnosis of PIBO was made according to the 
following diagnostic criteria (10,11,14): history of an acute 
and severe lower respiratory tract infection in a previously 
healthy child; repeated or persistent cough, wheezing, or 
shortness of breath over the 6 weeks after acute infection 
with decreased exercise tolerance and no response to 
bronchodilators; mosaic perfusion signs, bronchial wall 
thickening, bronchiectasis, or atelectasis on chest HRCT; 
obstructive ventilatory dysfunction on pulmonary function 
tests; and a lack of other obstructive pulmonary diseases, 
such as asthma, pulmonary tuberculosis, bronchopulmonary 
dysplasia, cystic fibrosis, immunodeficiency, and α-1-
antitrypsin deficiency. 

BAMA regimen

Patients who met the diagnostic criteria for PIBO 
received 3 months of combination therapy in the acute 

https://dx.doi.org/10.21037/jtd-20-3195
https://dx.doi.org/10.21037/jtd-20-3195
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phase. Budesonide (0.5 mg) was inhaled twice per day. 
Azithromycin (5 mg/kg) was administered orally once every 
other day. Montelukast (4 mg) was administered once daily 
at bedtime, and acetylcysteine was administered three times 
per day at the following doses stratified by age: 33 mg  
(<6 months old), 50 mg (6–12 months old) and 100 mg 
(≥1 year old). These patients were all managed by two 
paediatric respiratory specialists and followed up at the 
outpatient clinic every 2–4 weeks for three months. 

Oral systemic corticosteroids

Low-dose methylprednisolone was administered twice per 
day for 3–5 days at the following doses stratified by age:  
4/3 mg (<6 months old), 2 mg (6–12 months old) or 4 mg  
(≥1 year old). The same dose was then administered orally 
once per day for 5-7 days as a course of treatment. If the 
clinical manifestations did not significantly improve, the 
above course of treatment was repeated as necessary, and if 
they worsened, re-hospitalized was required.

Other treatment

Appropriate education was provided by experienced 
clinicians, and the avoidance of second-hand smoke 
and other inhaled irritants and the maintenance of 
respiratory clearance and adequate nutritional intake were 
recommended. Symptomatic treatment was provided 
for patients whose clinical manifestations deteriorated, 
including the inhalation of 2.5 mg of nebulized terbutaline 
twice per day for 3–7 days. When a bacterial infection 
occurred, amoxicillin and clavulanate potassium for 
suspension were administered at the following proportions 
once every 12 h for 1–2 weeks, stratified by age: 0.33 
package (<3 months old), 0.5 package (6–24 months old), 
1 package (2–7 years old), and 1.5 packages (≥7 years old). 
Long-term family oxygen therapy was used for children 
with symptoms of hypoxia, such as dyspnoea, cyanosis, and 
irritability. 

Data collection

Patient general information, clinical manifestations, 
pulmonary function test and lung HRCT results were 
collected when PIBO was diagnosed. Respiratory symptoms 
(including cough, wheeze and dyspnoea) and any additional 
treatments were recorded every 2–4 weeks during follow-
up in the outpatient clinic. The patients received tidal 

respiratory pulmonary function analyses (<3 years old), 
impulse oscillometry (IOS) (3–5 years old), and routine 
pulmonary ventilation function tests (>5 years old) to 
evaluate pulmonary function after 3 months of combination 
therapy. Spirometric parameters, ratio of time to peak tidal 
expiratory flow to total expiratory time (TPEF/TE), ratio 
of time to peak tidal expiratory flow to total expiratory 
volume (VPEF/VE), respiratory system resistance at 5 Hz 
(Rrs5), respiratory reactance at 5 Hz (Zrs5), respiratory 
system resistance at 20 Hz (Rrs20), and forced expiratory 
volume in 1 second/forced vital capacity (FEV1/FVC) were 
collected and compared. HRCT was employed to evaluate 
any changes in pulmonary lesions.

Statistical analysis

The statistical analysis was performed using SPSS version 
19.0 for Windows. Measurement data are expressed as the 
mean ± standard deviation or the median and interquartile 
range (IQR), and count data are expressed as percentiles. 
The chi-square test or Fisher’s exact test was used for 
analysing categorical variables. The Shapiro-Wilk test was 
performed to check that each continuous variable had a 
normal distribution. The paired t-test was used to compare 
two groups. In addition, a value of P<0.05 was considered to 
indicate statistical significance.

Results

Study population

A total of 75 patients met the study inclusion criteria; 
among them, 3 patients refused to participate because 
the effect of treatment was uncertain (n=2) or travel was 
inconvenient (traffic; n=1), and 1 patient planned to be 
treated in another hosptial. Therefore, 71 patients were 
allocated to the combination treatment group. However, 
the clinical manifestations of 5 patients improved after  
0.5 months of comprehensive treatment, those of 6 patients 
improved after 1.5 months of treatment, and those of 
1 patient improved after 2.5 months of treatment. As a 
result, a total of 12 patients terminated the treatment 
spontaneously. Five patients had not completed 3 months 
of treatment by the study deadline. Ultimately, a total of 
54 patients (40 male and 14 female) with a median age 
of 1.27 years (IQR, 0.88–2.4 years) completed 3 months 
of the combined treatment (Figure 1). The basic patient 
characteristics of these individuals are shown in Table 1. 
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Figure 1 Flow chart of the patients with PIBO who received combination treatment. PIBO, post-infectious bronchiolitis obliterans.

Evaluated for study inclusion 6/2017-7/2020
(n=75)

Allocated to combination therapy 
(n=71)

Completed 3 months of combined treatment
 (n=54)

Excluded (n=4)
• Refuse to participate (n=3)

- Effect of treatment was uncertain (n=2)
- Inconvenient traffic (n=1)

• Planned to be treated in another hospital (n=1)

Excluded from the final analysis (n=17)
• Self-terminate treatment (n=12)

- Clinical manifestations were normal at 2 weeks 
to 1 month of treatment (n=5)

- Clinical manifestations were normal at 1.5 to  
2 months of treatment (n=6)

- Clinical manifestations were normal at  
2.5 months of treatment (n=1)

• Incomplete treatment (n=5)

Table 1 Characteristics of the patients with PIBO

Characteristics Total cases (n=54)

Gender, n (%)

Male 40 (74.1)

Female 14 (25.9)

Age at diagnosis, median years (IQR) 1.27 (0.88–2.40)

Age at beginning of combination therapy, median years (IQR) 1.33 (0.89–2.40)

Endotracheal intubation and mechanical ventilation, n (%) 1 (1.9) 

Admitted in the ICU, n (%) 6 (11.1)

Infectious pathogens, n (%)

ADV 13 (24.1)

RSV 6 (11.1)

MP 2 (3.7)

PIV 2 (3.7)

IV 2 (3.7)

SP 1 (1.9)

Unknown 28 (51.9)

PIBO, post-infectious bronchiolitis obliterans; IQR, interquartile range; ICU, intensive care unit; ADV, adenovirus; RSV, respiratory syncytial 
virus; MP, Mycoplasma pneumoniae; PIV, parainfluenza virus; IV, influenza virus; SP, Streptococcus pneumoniae.

Pathogens were identified in 26 patients (48.1%) and were 
not identified in 28 patients (51.9%). ADV was the most 
common aetiological agent (n=13). Other microorganisms, 
including RSV, Mycoplasma pneumoniae (MP), parainfluenza 
virus (PIV), IV and Streptococcus pneumoniae (SP), were also 
detected.

Systemic corticosteroids use by patients with PIBO during 

follow-up 

A total of 37 patients (68.5%) used oral corticosteroids; 

among them, 2 patients (5.4%) used oral corticosteroids 

for more than 1 month, 15 patients (40.5%) used oral 
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Table 2 Clinical manifestations of PIBO in children at diagnosis and after 3 months of BAMA treatment (n=54)

Clinical manifestations PIBO diagnosis (%) 3 months treatment (%) χ2 P value

Symptoms

Cough 54 (100.0) 26 (48.15) – <0.001

Wheezing 46 (85.2) 9 (16.7) 50.72 <0.001

Shortness of breath 19 (35.2) 2 (3.7) 15.13 <0.001

Dyspnea 19 (35.2) 2 (3.7) 15.13 <0.001

Sign

Moist rales 48 (88.9) 10 (18.5) 53.78 <0.001

Dry rales 38 (70.4) 7 (13.0) 36.61 <0.001

Three concave signs 18 (33.3) 3 (5.6) 11.59 0.001

Decreased exercise tolerance 13 (24.1) 5 (9.3) 4.26 0.039

PIBO, post-infectious bronchiolitis obliterans; BAMA, budesonide, azithromycin, montelukast, and acetylcysteine.

corticosteroids for 2 weeks to 1 month, and 20 patients 
(54.0%) used oral corticosteroids for less than 2 weeks. 
The other 17 patients (31.5%) did not use any oral 
corticosteroids after concluding BAMA combination 
therapy.

Changes in clinical manifestations of PIBO after 3 months 
of BAMA treatment

At the study endpoint, the clinical manifestations of PIBO 
were improved in 37 patients (68.5%), unchanged in 13 
patients (24.1%), and aggravated in 4 patients (7.4%). 
As indicated in Table 2, the clinical manifestations were 
improved significantly (P<0.05) after 3 months of treatment. 
Two patients (3.7%) were re-hospitalized because of a 
severe lower respiratory infection, with one patient being 
readmitted once and one patient being readmitted twice. 
There were no obvious side effects observed during the 
3 months of BAMA treatment, and only three patients 
developed anorexia and occasionally nausea during the 
follow-up period. The liver function, kidney function, and 
electrolyte values of the patients with PIBO were normal 
after receiving the combination treatment.

Pulmonary function test results after 3 months of BAMA 
treatment

Some patients (n=24) were too young to cooperate with 
the examination, or had a poor sedative effect during tidal 
respiratory pulmonary function analyses, and did not 

undergo a lung function re-examination. Therefore, 30 
patients (55.6%) underwent lung function re-examination 
after 3 months of BAMA treatment. The results show that 
the pulmonary function test results improved in 17 patients 
but did not improve in 13 patients. At baseline, the tidal 
respiratory pulmonary function was low in 26 patients, 
with an average TPEF/TE of 19.6%±6.1% and VPEF/
VE 23.2%±4.9%. Compared with the baseline, the average 
TPEF/TE (23.2%±8.4%) and VPEF/VE (26.4%±6.8%) 
after 3 months of treatment were improved (P<0.05)  
(Figure 2A).  Among these 26 patients, 16 patients 
experienced improvement in their tidal respiratory 
pulmonary function. Three patients were examined by 
the use of IOS, and the Rrs5%, Rrs20%, Xrs5% were not 
obviously improved (Figure 2B). Additionally, the FEV1/
FVC value of one patient who underwent a conventional 
ventilation examination increased from a baseline value of 
80.8 to 99.5 after treatment (Figure 2C).

Chest HRCT results after 3 months of BAMA treatment

Chest HRCT was repeated after BAMA treatment in 
36 patients. At baseline, 29 of these patients had uneven 
ventilation with typical mosaic signs, six had emphysema, 
three had bronchiectasis, two had bronchial wall thickening, 
and one had atelectasis (Table 3). Twenty-eight patients 
showed marked improvements at the combination 
therapy endpoint, while six patients had no changes, and 
two patients deteriorated. Impressively, the mosaic signs 
improved in 24 (82.8%) patients. Among the patients 
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Table 3 HRCT changes after 3 months of combination therapy (n=36)

Manifestations of CT imaging PIBO diagnosis (n)
Endpoints

Improved (n) Remained (n) Deteriorated (n)

Mosaic pattern 29 24 4 1

Emphysema 6 3 1 2

Bronchiectasis 3 2 0 1

Bronchial wall thickening 2 2 0 0

Atelectasis 1 1 0 0

HRCT, high-resolution computed tomography; CT, computed tomography; PIBO, post-infectious bronchiolitis obliterans.

Figure 2 Changes in pulmonary function after 3 months of combination treatment. (A) After 3 months of combination treatment, the 
TPEF/TE and VPEF/VE values improved significantly, whereas the VT/kg did not change (n=26); (B) the Rrs5%, Rrs20% and Zrs5% 
showed no obvious improvement after combination therapy (n=3); (C) the FEV1/FVC value of one case was improved significantly. TPEF/
TE, ratio of time to peak tidal expiratory flow to total expiratory time; VPEF/VE, ratio of volume to peak tidal expiratory flow to total 
expiratory volume; VT/kg, tidal volume over body weight; Rrs5, respiratory system resistance at 5 Hz; Rrs20, respiratory system resistance 
at 20 Hz; Zrs5, respiratory reactance at 5 Hz; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.

with emphysema at baseline, three improved, one had 
no change, and two deteriorated. Moreover, significant 
improvement was observed in two of the three patients with 
bronchiectasis. Finally, the two patients with bronchial wall 
thickening and one patient with atelectasis also showed 
improvement.

Discussion

In the present study, we retrospectively evaluated and 

monitored the therapeutic effects of the BAMA regimen 
in children with PIBO. After 3 months of the combination 
treatment, respiratory manifestations, lung function, and 
HRCT manifestations were significantly improved in our 
cohort without obvious adverse reactions. Seventeen of 
30 patients had significantly increased lung function after  
3 months of combination treatment. At the end of 
treatment, 77.8% of the children had improved lung 
imaging results. These findings support the feasibility 
of the BAMA regimen for the treatment of PIBO in 
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children. Importantly, our BAMA regimen also helped 
to reduce prolonged systemic oral steroid use in children 
with PIBO.

A few studies have confirmed airway inflammation 
among patients with cases of BO that began in childhood 
(24,25). The levels of neutrophils, IL-8 and CD8+ T 
lymphocytes were found to be elevated in BALF samples in 
children with PIBO (24,25). Therefore, anti-inflammatory 
agents are currently the main treatment for children with 
PIBO. Corticosteroids are effective anti-inflammatory 
drugs that have been used to treat respiratory diseases 
since 1950 (26). A retrospective, uncontrolled study of 40 
children with PIBO concluded that pulsed corticosteroid 
therapy improved lung function and safely replaced long-
term oral corticosteroid therapy, minimizing adverse 
reactions to oral therapy (27). Continuous systemic 
corticosteroid therapy may be needed to maintain 
increased lung function and prevent recurrence of 
airway inflammation in this population (28). Systemic 
corticosteroids should be used during the development of 
disease and before the establishment of airway fibrosis (29).  
However, corticosteroids can cause serious side effects 
and complications, such as bone fractures or mortality 
from infections (16). In addition, they have a negative 
impact on the growth and development of children as well 
as on their bone metabolism; thus, reducing the use of 
systemic steroids for the treatment of PIBO in children is 
recommended (17,30,31). In our study, 20 patients (54.1%) 
received corticosteroids for less than 2 weeks, and 31.5% of 
the patients did not use corticosteroids after receiving the 
BAMA regimen.

ICS have been found to have a significant therapeutic 
effect and reduce the side effects of systemic corticosteroid 
therapy in constrictive bronchiolitis after HSCT (32). 
A randomized, double-blind, placebo-controlled study 
reported that the FEV1 value after HSCT in adults with 
BOS increased by 13% after 1 month of budesonide/
formoterol treatment (18). Zhang et al. found that, after  
12 months of treatment with inhaled budesonide combined 
with terbutaline and ipratropium bromide, the clinical 
scores and the average of TPEF/TE and VPEF/VE values 
of children with PIBO were significantly improved, the 
frequency and severity of deterioration in these children 
were reduced, and the HRCT results for these patients 
were significantly improved (33). These encouraging results 
provide new insights into the treatment of PIBO with ICS. 
However, short-term ICS had no obvious curative effect, 
and long-term aerosol treatment was required.

Azithromycin has been reported to have beneficial effects 
in BOS cases; patients who were treated with azithromycin 
had improved FEV1 values, and reduced airway neutrophil 
and IL-8 levels (34). In the study conducted by Corris et al.,  
the FEV1 value after lung transplantation in patients 
with BOS was improved after 12 weeks of azithromycin 
treatment (35). A recent meta-analysis demonstrated that 
after 7 months of azithromycin treatment, the post-lung 
transplantation FEV1 value in patients with BOS had 
increased by 8.8% (36). Wang et al. treated found that 
the clinical and HRCT manifestations were significantly 
improved in 10 of 16 infants with PIBO who were treated 
with prednisolone and azithromycin for 6–27 months (20).  
Therefore, long-term ICS combined with low-dose 
azithromycin therapy may be a new and safe treatment for 
children with PIBO. 

Montelukast is a leukotriene receptor antagonist (LTRA) 
that has anti-inflammatory effects and is generally considered 
a safe drug (37). Studies have shown that montelukast is 
well tolerated in children aged 1–6 months (38,39). Animal 
models have demonstrated that LTRA can prevent tracheal  
fibrosis in BO after lung transplantation (40). In a 
randomized controlled trial on post-transplant BO in adults, 
montelukast attenuated further decreases in the FEV1 value in  
patients (41). For patients with low neutrophil percentages 
(<15%) and BOS after lung transplantation who have 
received or are concurrently receiving azithromycin therapy, 
the addition of montelukast may be a promising treatment 
option (21). 

N-acetylcysteine is also a relatively safe and effective 
option for treating BO (42,43). This mucolytic agent 
has antioxidant and anti-inflammatory effects, and it can 
control the symptoms of respiratory diseases and improve 
lung function (44,45). Additionally, N-acetylcysteine can 
inhibit airway thickening and bronchial smooth muscle 
hypertrophy by acting on bronchial smooth muscle (46). 
Other prospective studies have also found that the long-term 
use of N-acetylcysteine can reduce the risk of exacerbations 
and provide a significantly improvement in the quality of 
life for bronchiectasis patients (47). One study found that 
treatment with clarithromycin and acetylcysteine together 
improved the symptoms and lung function of patients 
with BO who were exposed to sulphur mustard gas (42).  
Ghanei et al. found that respiratory tract symptoms were 
improved and vital capacity was significantly improved 
in 144 patients with BOS who were treated with 
acetylcysteine for 4 months (22). A 5-year study of children 
with BO associated with mustard inhalation showed that 
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azithromycin, inhaled steroids, and N-acetylcysteine were 
effective at delaying the decline in FEV1 (43).

The best effective combination treatment for PIBO is 
unknown. The FAM regimen, which features inhalation 
of fluticasone, azithromycin and montelukast, can prevent 
a decline of 10% or greater in the FEV1 value in 72% of 
patients with BOS after HSCT, and 48% of patients reduced 
their steroid dose by 50% or more within 3 months (5). 
Additionally, the combination of budesonide/formoterol, 
montelukast, and N-acetylcysteine significantly improved 
the pulmonary function and respiratory symptoms of 82% 
of adult patients with BOS after HSCT without serious side 
effects (19). However, these two studies focused on BOS 
after HSCT in adults and did not evaluate the changes on 
pulmonary HRCT in patients after 3 months of treatment. 
Moreover, a recent study showed that the combination of 
budesonide, montelukast and azithromycin can significantly 
improve pulmonary function and respiratory symptoms in 
children with PIBO who are less than 5 years old; however, 
simultaneous HRCT improvement after treatment was not 
observed (23). 

We acknowledge that this study has some limitations. 
First, it was not a randomized controlled study, and it did 
not compare the efficacy of the treatment combination 
with that of a placebo. Second, the beneficial effects of 
our combination therapy on respiratory manifestations, 
lung function, and lung HRCT manifestations need to 
be confirmed in further studies evaluating each drug and 
their interaction. Third, the relatively short follow-up 
period limited the assessment of long-term prognosis, as  
3 months is not long enough to cover the natural course of 
the disease. However, we simultaneously evaluated the lung 
changes on HRCT before and after treatment in children 
with PIBO. Well-designed methods are necessary for 
further research to evaluate the long-term effectiveness and 
safety of the BAMA combination treatment.

Conclusions

This is a real-world single-centre experience for PIBO 
treatment in a children’s hospital in China. The results 
suggest that the BAMA regimen can improve the respiratory 
manifestations, pulmonary function, and uneven pulmonary 
ventilation and can reduce oral systemic corticosteroid use; 
thus, it is of great significance for the clinical treatment of 
children with PIBO.
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