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ABSTRACT
Objective: Post-infectious bronchiolitis obliterans (PIBO) is a clinical entity that has been 
classified as constrictive, fixed obstruction of the lumen by fibrotic tissue. However, 
recent studies using impulse oscillometry have reported bronchodilator responses in 
PIBO patients. The objective of this study was to evaluate bronchodilator responses in 
pediatric PIBO patients, comparing different criteria to define the response. Methods: 
We evaluated pediatric patients diagnosed with PIBO and treated at one of two pediatric 
pulmonology outpatient clinics in the city of Porto Alegre, Brazil. Spirometric parameters 
were measured in accordance with international recommendations. Results: We 
included a total of 72 pediatric PIBO patients. The mean pre- and post-bronchodilator 
values were clearly lower than the reference values for all parameters, especially 
FEF25-75%. There were post-bronchodilator improvements. When measured as mean 
percent increases, FEV1 and FEF25-75%, improved by 11% and 20%, respectively. However, 
when the absolute values were calculated, the mean FEV1 and FEF25-75% both increased 
by only 0.1 L. We found that age at viral aggression, a family history of asthma, and 
allergy had no significant effects on bronchodilator responses. Conclusions: Pediatric 
patients with PIBO have peripheral airway obstruction that is responsive to treatment 
but is not completely reversible with a bronchodilator. The concept of PIBO as fixed, 
irreversible obstruction does not seem to apply to this population. Our data suggest that 
airway obstruction is variable in PIBO patients, a finding that could have major clinical 
implications. 
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INTRODUCTION

Bronchiolitis obliterans is a form of chronic obstructive 
lung disease secondary to a severe insult to the lower 
respiratory tract. The disease is characterized by the 
narrowing of the distal airways, which leads to a chronic 
obstructive disorder. In children, the most common form 
is post-infectious bronchiolitis obliterans (PIBO). (1,2) There 
are reports of PIBO secondary to infection with influenza, 
parainfluenza, respiratory syncytial virus, and Mycoplasma 
pneumonia; however, certain adenovirus serotypes 
seem to be the infectious agents most likely linked with 
PIBO. (2-4) Although PIBO has been reported in several 
different regions in the world, South American countries 
have historically reported the highest numbers of cases. (1) 
In most of those reports, PIBO has been classified as 
constrictive airway disease, presenting some degree of 
luminal occlusion by fibrous tissue, together with chronic 
inflammation. Total obliteration of the lumen by fibrotic 
tissue has been observed in up to 23% of patients.(4,5)

A diagnosis of PIBO should be made not only on the 
basis of a suggestive clinical history and characteristic 
HRCT findings but also on that of spirometric evidence 
of moderate to severe obstructive impairment.(6,7) 
Some authors consider PIBO a disorder involving fixed 
obstruction. However, there is some controversy in the 
aspect of pulmonary function in PIBO patients, which 
calls for further research at various levels. 

The question of the response to the use of a broncho-
dilator in patients with PIBO is an important one, given 
its potential impact in the clinical management of PIBO. 
Most authors believe that PIBO patients would not show 
a significant bronchodilator response, since there is 
considerable evidence that these subjects present with 
fixed airway obstruction.(1,6-9) However, in one previous 
study, it was reported that patients diagnosed with PIBO 
showed such a response.(7) In the present study, we 
evaluated bronchodilator responses in a large sample 
of pediatric patients diagnosed with PIBO, comparing 
different criteria to define the significance of the response.
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METHODS

Patients and procedures
This was a cross-sectional study involving children 

and adolescents with PIBO, all of whom had previously 
been diagnosed with PIBO and were under follow-up 
treatment at pediatric pulmonology outpatient clinics 
at one of two university hospitals in the city of Porto 
Alegre, Brazil: the Hospital São Lucas, operated by the 
Pontifical Catholic University of Rio Grande do Sul; or 
the Santo Antônio Children’s Hospital, which is part 
of the Santa Casa Hospital Complex. The mean age 
of the patients was 10 years (range, 4-17 years). The 
medical staff at both hospitals have clinical expertise in 
diagnosing PIBO in pediatric patients. For the purposes 
of this study, we included spirometry results for all of 
the patients. All of the spirometry tests performed at 
the two hospitals met the American Thoracic Society/
European Respiratory Society (ATS/ERS) requirements 
for acceptability and reproducibility.(10) 

The diagnosis of PIBO was based on a combination of 
clinical, epidemiologic, and imaging data, as previously 
described.(1) All diagnoses of PIBO were made on the 
basis of the following criteria: having had acute, severe 
bronchiolitis or viral pneumonia during the first two years 
of life after having previously been healthy; presenting 
with evidence of persistent airway obstruction after the 
acute event (identified either by physical examination 
or by pulmonary function testing); presenting with 
chest X-ray findings indicative of chronic lung disease 
(e.g., hyperinflation, atelectasis, airway wall thickening, 
and bronchiectasis); presenting with chest CT findings 
of a mosaic pattern and air trapping. A diagnosis 
of PIBO was ruled out if the patient had any other 
condition that progresses to permanent respiratory 
symptoms, including chronic lung diseases such as 
cystic fibrosis and bronchopulmonary dysplasia, as 
well as immunodeficiency disorders. Family histories 
of asthma and allergy (rhinitis, eczema, etc.) were 
taken at regular clinical visits. 

Spirometric parameters (FVC, FEV1, FEF25-75%, and 
the FEV1/FVC ratio) were measured in accordance with 
international recommendations for acceptability and 
reproducibility.(10) The pulmonary function parameters 
were measured only if patients had been free of res-
piratory exacerbations and clinically stable for at least 
two weeks. Prior to the tests, short- and long-acting β2 
agonists were withheld for 12 and 48 h, respectively, 
although inhaled corticosteroids were maintained as 
prescribed. Spirometric values were chosen from the 
best three acceptable, reproducible FVC maneuvers, 
and the one with the greatest sum of FVC and FEV1 was 
selected. Reference values and equations employed 
for spirometry were those described by Stanojevic et 
al.(11) All pulmonary function data are expressed as 
z-score values. The severity of functional impairment 
was defined on the basis of the FEV1, in accordance 
with the ATS/ERS recommendations.(10) The main 
methods for analyzing bronchodilator responses are 

described in Chart 1. In addition, we analyzed factors 
that could have influenced the bronchodilator response. 

Statistical analysis
Continuous variables are expressed as mean ± 

standard deviation or as median and interquartile 
range, whereas categorical variables are expressed 
as absolute and relative frequencies. Each pulmonary 
function parameter was expressed as a z-score, using 
the regression equation and variance derived from ref-
erence population values.(8,11) To analyze bronchodilator 
response data, we used the generalized estimating 
equation procedure(10-13) of a generalized linear model, 
which allows the analysis of repeated measures; the 
working correlation matrix was autoregressive.(14) A 
linear mixed model was used to determine whether 
bronchodilator responses (outcomes) were affected by 
patient age at the time of viral aggression, by a family 
history of asthma, or by allergy. For all analyses, the 
level of statistical significance was set at p < 0.05. 
Data processing and analysis were performed with 
IBM SPSS Statistics software package, version 18.0 
(IBM Corporation, Armonk, NY, USA). 

The study was approved by the local research ethics 
committees of both institutions. All participating patients 
verbally consented to be included in the study, and 
the parents or legal guardians of the participants gave 
written informed consent.

RESULTS 

We evaluated a total of 72 pediatric patients with 
PIBO. The patients had been monitored periodically, 
from infancy, at outpatient clinics. The characteristics 
of the study sample are shown in Table 1. Of the 72 
patients evaluated, 55 (76.4%) were male. Most of 
the patients had been diagnosed with PIBO during 
the first year of life.

The pulmonary function parameters of the patients, 
expressed as z-score values, are presented in Table 
2. The mean pre- and post-bronchodilator values for 
all parameters were abnormal, especially those for 
FEF25-75%. There were significant post-bronchodilator 
improvements in expiratory flows, although the 
values did not reach normality for age. As can be 
seen in Table 3, the improvements were significant 
when the mean percent variation from the previous 
measurement was calculated (increases of 11% and 
20% for FEV1 and FEF25-75%, respectively). However, 

Chart 1. Description of different methods (equations) for 
calculating a bronchodilator response.
Percent variation from the previous (pre-bronchodilator) 

measurement:
(FEV1post − FEV1pre)/(FEV1pre × 100)

Percent change in the percentage of the predicted 
value:

(FEV1post − FEV1pre)/(FEV1 predicted × 100)
Absolute volume change from the previous 

(pre-bronchodilator) measurement:
FEV1post − FEV1pre

Post: post-bronchodilator; and pre: pre-bronchodilator.
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when the mean absolute volume change was calculated, 
the improvements were more modest (only 0.1 L for 
FEV1 and FEF25-75% alike). 

In the multivariate analysis of the outcome variables 
(Table 4), none of the predictor variables (age at 
viral aggression, allergy, and asthma family history) 
remained in the models. We found that age at viral 
aggression, a family history of asthma, and allergy had 
no significant effect on the bronchodilator response.

DISCUSSION

Of the 72 pediatric PIBO patients, 42 (58.3%) 
demonstrated a significant bronchodilator response 
when the cut-off point was a percent change of 9%, 
as employed by Jones et al.(12) When we used a cut-off 
point of 12%, as recommended by the ATS/ERS and 
in other studies,(10,13) the bronchodilator response was 
still significant in 34 patients (47.2%).

Although there is no consensus about what constitutes 
reversibility, the three most common methods of 
expressing bronchodilator response are as a percent 
change in relation to the initial spirometric value, as 
a percent change in the percentage of the predicted 
value, and as an absolute volume change. In the present 
study, we analyzed reversibility by all three methods 
(Table 3). Expressing the change in FEV1 or FVC as a 
percentage of the predicted value has been reported 
to have advantages over expressing it as a percent 
change from baseline.(15) The ATS/ERS guidelines 
recommend using the percent change from baseline 
and the absolute change in FEV1 or FVC to characterize 
the bronchodilator response in an individual subject. 
According to Pellegrino et al., post-bronchodilator 
increases in FEV1 of 12% and 200 mL changes from 
baseline during a single spirometry session both suggest 
that the degree of bronchodilation is “significant”.(13) 
As a caveat, the authors stressed that the lack of a 
response during bronchodilator testing does not exclude 
the possibility of a subsequent clinical response to 
bronchodilator therapy.

In a study conducted in Argentina in 1999, Teper et 
al. reported fixed bronchial obstruction in 13 infants 
with chronic lung disease after severe adenovirus 
infection.(16) Since then, it has been accepted that PIBO 
should be considered an irreversible COPD. However, 
that conclusion was based only on the fact that the 
degree of improvement in those infants failed to reach 
the 30% cut-off point considered the threshold for 
confirming bronchodilation, which is different than 
showing no response. More than two decades later, 
Castro-Rodriguez et al., using impulse oscillometry rather 
than spirometry, observed a significant bronchodilator 
response in children with PIBO in Chile.(8) The concept 
that PIBO is characterized by irreversible obstruction 
could be explained either by the small caliber of the 
airways in young children, which makes it difficult to 
quantify bronchodilation in pulmonary function tests, 
or by acquired airway hyperreactivity later in life. 

The percent change in FEV1 after bronchodilator 
administration in the general population varies across 
studies, depending on whether the study sample 
comprises adults or school-age children. In a study 
involving children between 5 and 10 years of age, the 
cut-off point that provided the best balance of sensitivity 
and specificity for a bronchodilator response was that 
of a 9% change in FEV1, measured as a percentage of 
the predicted value.(15) A similar cut-off point was found 
adequate to indicate bronchodilation in a population 
of school-age children (≥ 6 years of age) in Spain. (17) 
When we applied such a cut-off point, most of our 
patients showed a significant bronchodilator response. 
When we attempted to identify the factors associated 
with the high rate of bronchodilator response in our 
sample, we found that neither age at viral aggression, 
nor a family history of asthma, nor allergy had any 
significant effect on the magnitude of the bronchodilator 
response.

Reversibility of airway obstruction could indicate an 
innate predisposition to PIBO in children who have 
previously (prior to the triggering viral event) had a 
phenotype of airway hyperreactivity.(8) Alternatively, 
children with PIBO might present with variable, rather 
than fixed, airway obstruction, which would allow 
different degrees of reversibility. It is important to 
note that when the measure was an absolute volume 
change, we observed a median increase of only 0.1 
L, and the significance of such a small variation is 
questionable. In children who develop PIBO, the most 
severe obstruction is at the level of lower airways, 
which could explain the higher β2 agonist responses we 
observed in terms of the FEF25-75%. However, FEF25-75% 
is considered highly variable in control groups, and 
such variation is therefore not easily interpreted.(13) 
For FEV1, the determination of a percent change from 
the initial value might reflect airflow limitation, but it is 
considered more dependent of the pre-bronchodilator 
FEV1 value than on other components of the process. (18) 
In our PIBO subjects, the degree of bronchodilation 
was likely related to the degree of baseline obstruction 
secondary to complex disrupted bronchiolar functioning, 

Table 1. Characteristics of pediatric patients with post-
infectious bronchiolitis obliterans.a

Variable (N = 72)
Gender, male 55 (76)
Age, years 10 (4-17)
Age at viral aggression, months 11 (1-36)
Allergy 38 (53)
Asthma family history 22 (31)
aValues expressed as n (%) or as mean (range).

Table 2. Lung function parameters expressed as z-scores 
for pediatric patients with post-infectious bronchiolitis 
obliterans (N = 72).a

Variable Pre-BD Post-BD
FVC (z-score) −2.47 ± 1.51 −2.07 ± 1.51
FEV1 (z-score) −4.00 ± 1.59 −3.52 ± 1.69
FEV1/FVC (z-score) −2.60 ± 0.88 −2.32 ± 1.02
FEF25-75% (z-score) −4.14 ± 1.35 −3.73 ± 1.59
BD: bronchodilator. aValues expressed as mean ± SD.
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which includes chronic inflammatory process, scarring, 
altered bronchomotor tone, and air trapping.

It is difficult to estimate the impact of a median incre-
ase in FEV1 of 0.1 L (11% over the pre-bronchodilator 
value) in pediatric patients with PIBO that have very 
severe obstruction. However, in the context of a 
baseline FEV1 z-score of −2.47, our finding should not 
be underestimated. There is controversy regarding 
reversibility of airway obstruction in PIBO. Given 
the variability of the within-individual bronchodilator 
response among healthy subjects, there is probably 
no single test or method that can properly assess this 
complex response, especially in subjects with severely 
obstruction, who might present greater variability. In 
addition, as the ATS/ERS guidelines recommend,(10) a 

longitudinal assessment of the response over a period 
of several weeks should be preferred over single 
assessments.(19-21) A lack of improvement in FEV1 
after a bronchodilator test might be a disincentive to 
performing a clinical trial with β2 agonists. 

On the basis of our findings in the present study, we 
conclude that pediatric PIBO patients have peripheral 
airway obstruction that can improve with the use of β2 
agonists. Although the lung function of such patients does 
not achieve normality after the use of a bronchodilator, it 
certainly shows a response that could provide a perceived 
clinical benefit. For such knowledge to have therapeutic 
applications, however, further clinical trials are needed in 
order to assess the true effectiveness of the long-term 
use of bronchodilators in patients diagnosed with PIBO. 

Table 4. Analysis of factors with a potential influence on bronchodilator responses in pediatric patients with post-
infectious bronchiolitis obliterans (general linear model-based approach).

Parameter β 95% CI p
FEV1 BD response, % change from previous

Age at viral aggression, months 0.02 (−0.25 to 0.31) 0.853
Allergy 3.06 (−2.89 to 9.02) 0.313
Family history of asthma 1.66 (−4.02 to 7.35) 0.566

FEV1 BD response, change in % of predicted
Age at viral aggression, months 0.02 (−0.10 to 0.15) 0.712
Allergy 2.06 (−0.71 to 4.84) 0.145
Family history of asthma −0.77 (−3.55 to 1.99) 0.582

FEV1 BD response, absolute volume change
Age at viral aggression, months 0.00 (−0.00 to 0.00) 0.859
Allergy 0.03 (−0.01 to 0.08) 0.193
Family history of asthma 0.00 (−0.05 to 0.05) 0.932

BD: bronchodilator.
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