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Abstract

Abstract Objective: This study aims to evaluate clinical and radiological findings and treatment outcomes of the patients
with PIBO. Methods: One hundred fourteen children were enrolled. Initial demographic and clinical findings were evaluated.
Pre- and post-treatment symptoms, radiological findings and scores, the number of admissions to the hospital and PICU were
compared. Results: Seventy-three patients were male. The median age of the patients at initial pulmonary injury was 7.2
months, the median age at diagnosis was 17.5 months and the median interval from initial injury to diagnosis was 8.5 months.
Thirty-five patients had mechanical ventilation history. Persistent wheezing was the most common complaints. The most
common radiological findings were peribronchial thickening and air-trapping. Sixty-eight patients were treated with inhaled
corticosteroid (IC), systemic corticosteroid (SC) and azithromycin (AZT) combination. 25 patients were treated with only IC,
14 with IC and AZT, and 7 with IC and SC. 82,5% of patients had clinical improvement. Chronic respiratory failure occurred in
11 patients, and three patients died. Bronchiectasis, atelectasis, hyperinflation and air trapping in HRCT improved significantly.
Bhalla scores decreased from 8.3 to 6.5 (p= 0,001). IC, SC and AZT combination was effective than the other treatments.
Conclusions: This study is one of the largest studies in the literature and one of the few studies that evaluate clinical and
radiological outcomes. We found that IC, AZT and SC combination is clinically and radiologically effective in patients with
PIBO.

Introduction

Post-infectious bronchiolitis obliterans (PIBO) is characterized by persistent obstructive symptoms and ra-
diological findings after infectious lung injury.1 The prevalence of the disease is unknown, but PIBO is more
common in children than adults.2 PIBO always occurs after a severe lower tract infection. Adenovirus , in-
fluenza , respiratory syncytial virus , rubeola and mycoplasma pneumonia have been shown to be associated
with PIBO. Adenovirus is the most common infectious agent that causes PIBO.3Inflammation and airway
obliteration were demonstrated in pathological studies of the lung.4 Persistent cough, wheezing, sputum pro-
duction, dyspnea are the most common symptoms of PIBO.5 Although the histopathological examination
is the gold standard for PIBO, it is not routinely used because of the multifocal pattern of the disease and
the risks of biopsy procedure.6 PIBO is diagnosed by clinical history, typical radiological findings and the
exclusion of the other diseases that may cause chronic lung diseases like severe asthma, bronchopulmonary
dysplasia, cystic fibrosis, tuberculosis, and immunodeficiency.7 Pulmonary function test (PFT) and high-
resolution computed tomography (HRCT) are important tools for diagnosis. Obstructive pattern is present
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in PFT and air trapping, peribronchial thickening, hyperinflation, and bronchiectasis are the radiological
findings of PIBO.8 There is no universal standard therapy in PIBO. Inhaled corticosteroid (IC), systemic
corticosteroid (SC), pulse steroid, azithromycin (AZT), and immunoglobulin are used for the treatment of
PIBO.9There are a few studies about PIBO in children. However, to our knowledge, there has been no
published data yet to evaluate treatment efficacy by clinical and radiological comparison.

The present study aims to establish demographic, initial clinical and radiological characteristics, treatment
status of the patients and to compare pre- and post-treatment clinical status and radiological findings. To
our knowledge, the present study was one of the largest series of patients with PIBO and the first study to
compare radiological scores pre- and post-treatment.

Materials and Methods

One hundred and fourteen children with PIBO who were followed up at the Pediatric Pulmonology Depart-
ment of Bezmialem Vakif University between 2011-2020 were included in this study.

Diagnosis

Diagnosis of PIBO was made according to clinical criteria: I: History of an acute and severe lower respiratory
infection in a previously healthy child. II: Evidence of persistent airway obstruction after the acute event,
identified by physical examination or PFT. This obstruction is unresponsive to at least a two-week course
of systemic steroid and bronchodilators. III: Chest radiographic findings of obstructive lung disease, such as
hyperinflation, atelectasis, airway wall thickening and bronchiectasis. IV: Mosaic pattern and air trapping
in HRCT. V: Exclusion of other chronic lung diseases that progress with permanent respiratory symptoms,
such as tuberculosis, cystic fibrosis, bronchopulmonary dysplasia, immunodeficiencies, severe asthma and
alpha 1 antitrypsin deficiency.

Sweat test, immunoglobulin levels, echocardiography, microbiological evaluation, HRCT, and total IgE were
performed in all patients. Skin prick test and bronchoscopy were performed to selected patients for differential
diagnosis. PFT was applied to children above six years7.

Demographic and clinical characteristic findings

Gender, gestational age, age at the beginning of persistent complaints, age of diagnosis, the interval from ini-
tial injury to the age of diagnosis, follow-up duration, family history of asthma, smoking exposure, number of
admission to the hospital and pediatric intensive care unit (PICU), history of mechanical ventilation, current
complaints, current physical examination findings and initial PFT results were evaluated retrospectively.

Radiological examination

All HRCT scans were evaluated by the same radiologist who was unaware of the clinical condition of the
patients. The Bhalla scoring system was applied to evaluate HRCT findings. This scoring system evaluates
the followings: (1) severity of bronchiectasis; (2) extent of bronchiectasis; (3) peribronchial thickening;
(4) extent of mucus plugs; (5) abscesses/sacculation; (6) generality of bronchial division involvement; (7)
number of bubbles; (8) emphysema; and (9) collapse/consolidation. Scores from 0 to 3 were assigned to each
of the first seven categories (severity of bronchiectasis, the extent of bronchiectasis, peribronchial thickening,
the extent of mucus plugs, abscesses/sacculation, the generality of bronchial division involvement, and the
number of bubbles) and from 0 to 2 for the last two categories (emphysema and collapse/consolidation).
The total score had a maximum value of 25 and was calculated by adding individual scores for each item.
The scores were classified as Grade 0 (none), Grade I (mild,1-9), Grade II (moderate,10-14) and Grade III
(severe,15-18).

Treatment

Treatments of the patients were evaluated retrospectively. Patients with PIBO are referred to our clinic
in two different ways (Figure 1). 1- Patients with a referral to our clinic within six months after initial
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. pulmonary injury and have active complaints and typical radiological findings. 2- Patients with a referral to
our clinic longer than six months after initial lung injury.

Patients in the first way were routinely administered inhaled steroid (IC), systemic corticosteroid (SC), and
azithromycin (AZT) combination because of having marked clinical and radiological findings and they were
in the early stage of the disease (Treatment group 1).

Patients in the second way are divided into four treatment groups. Patients who had severe clinical symptoms
and radiological findings were treated with IC, SC and AZT (Treatment group 1), patients with mild clinical
symptoms and radiological findings were administered only IC (Treatment group 2), patients with moderate
clinical symptoms and radiological findings with bronchiectasis were treated with IC and AZT (Treatment
group 3) and patients with moderate clinical symptoms and radiological findings without bronchiectasis
were treated using IC and SC (Treatment group 4). Total number of patients were: treatment group-1: 68
(59,7%), treatment group-2: 25 (21,9%), treatment group-3: 14 (12,3%) and treatment group-4: 7 (6,1%)
(Table 1).

AZT was administered 10 mg per kg three times a week for six months. The dose of SC was 2 mg/kg/day
for four weeks and the dose was gradually decreased to 0,5 m/kg/day and continued for six months with
minimal dose.

Post-treatment evaluation of clinical findings and pulmonary function tests

Pre- and post-treatment clinical findings were evaluated. Clinical findings, number of hospitalization, number
of PICU admission, oxygen requirements were compared.

Thirty-four patients were able to do PFT after treatment. Forced vital capacity (FVC), forced expiratory
volume in one second (FEV1) and FEV1/FVC ratio were recorded. Post-treatment results of 22 patients
who could perform plethysmography and diffusing capacity of the lung for carbon monoxide (DLCO) were
also evaluated. Tidal volume, total lung capacity, residual volume, functional residual capacity and diffusing
capacity were evaluated in these patients.

Pre- and post-treatment radiological comparison of the patients

While all 114 of patients had initial HRCT, 81 patients had post-treatment HRCT. Post-treatment HRCT
did not yield in the remaining 33 patients because their parents did not allow. Pre- and post-treatment
radiological findings and Bhalla scores were compared in these 81 patients.

All statistical analyses were performed using SPSS Statistics vs. 22.0. Numeric indicators were considered as
mean, standard deviation, median, minimum, maximum and interquartile range. Two groups were compared
using Fishers exact test and χ2 test. Paired sample t -test and Wilcoxon test were utilized to compare paired
groups. A p -value <0,05 was considered to indicate statistical significance.

This study was approved by the Ethics Committee of Bezmialem Vakif University. Informed consent was
obtained from patients and their parents.

Results

Initial demographic, clinical and radiological findings

One hundred fourteen patients with PIBO were enrolled in this study. Initial demographic, clinical and
radiological findings of the patients are presented in Table 1. Seventy-four patients were male. The current
median age was 73,5 months. The median age at initial pulmonary injury was 7,2 months. The median
age at diagnosis was 17.5 months and the median interval from initial injury to diagnosis was 8,5 months.
Twenty-one (18,4%) patients had a history of asthma. Asthma history in family and smoking exposure were
positive in almost half of the patients. 103/114 patients had a history of hospital admission at least once
with a diagnosis of lower respiratory tract infection. One-third of the patients had a history of PICU and
mechanical ventilation. The most common symptoms are persistent cough, persistent wheezing, sputum and
shortness of breath. In initial HRCT (n:114), peribronchial thickening was detected in all and air trapping

3
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. existed over ninety percent. About half of the patients had bronchiectasis. Initial PFT was performed to
only 17 patients because of their younger age. Mean of FEV1 and FVC of initial PFTs were 59,7±29,1 and
61,9±28,2, respectively. Flexible fiberoptic bronchoscopy was performed in 75 patients. Serous secretions were
obtained in 75% of bronchoalveolar lavage specimen. Bacterial, viral and fungal cultures of bronchoalveolar
lavage revealed no isolation. Viral etiological agent could be detected in only five patients. This is because
most patients were referred to our hospital for a long time after the acute injury (Table 1).

Post-treatment evaluation of clinical findings and pulmonary function tests

Clinical evaluation and PFT results of the patients after treatment are presented in Table 2. None of the
patients required admittance to PICU after treatment. Hospitalization rates with lower respiratory tract
infections decreased from 90,3% to 12,3%. The symptoms and signs improved in more than 80% of the
patients. However, they persisted in approximately 20% of the patients despite treatment. Chronic respiratory
failure occurred in 11 patients, and all of them are on non-invasive ventilation therapy.

PFT was performed to 34 patients after treatment. Approximately 20% of the patients had severe and
moderate decline both in FEV1 and FVC (Table 2).

Post-treatment plethysmography was performed in 22 patients (Table 2). Total lung capacity and functional
residual capacity increased in most of the patients. DLCO decreased moderately and severely in 20% of
patients (Table 2).

Forty-six patients (40,4%) are still under treatment with IC and 24 patients (21,6%) under IC and long-acting
beta-agonist.

Pre and post-treatment radiological comparison of the patients

Improvement was observed in all radiological findings except peribronchial thickening (Table 3). There was
a significant difference between pre- and post-treatment Bhalla scores of the patients (p<0,01). Among
treatment subgroups, radiological findings and Bhalla scores were compared (Table 4). Treatment group
1 had a significant improvement in both radiological findings and Bhalla scores. There was a radiological
improvement in the other treatment groups but not statistically significant due to the low number of patients
in these groups.

Discussion

PIBO is a form of chronic obstructive lung disease that arises from severe acute lower tract infection. In
this study, clinical and radiological findings and treatment outcomes and long-term follow-up results are
evaluated.

In our study, the male gender was dominant like in the literature.10,11 Initial pulmonary injury that causes
PIBO generally occurs during the first two years of life.12,13 Median age at the initial injury of our patients
was 7,2 months and the median age of diagnosis was 17,5 months. There was a median 8,5 months interval
from initial injury until diagnosis in our study. A study from South Korea noted a similar duration in the
interval as our study (Mean eight months, Min-Max 2-24 months).14 Bo Qia et al. reported a median of
three months interval (Min-Max 1-43 month).15 Another study also showed that PIBO was diagnosed on an
average of two years (Min- Max 0,2-7,6 years) after acute illness.16

PIBO and severe asthma are often difficult to be distunguished. Some studies suggested that atopy could be
associated with PIBO.17,18,19,20 Similarly, in our study, approximately 20% of our patients had atopy.

PIBO usually occurs after severe acute lower respiratory infection. The number and duration of hospitalizati-
on increased in patients with PIBO.21,22 Colom et al. noted mechanical ventilation as a strong risk factor for
developing PIBO after adenovirus infection.23 In the literature, mechanical ventilation percentages ranged
from 23% to 52,5%.24,25 In our study, 90,3% of patients required hospitalization at least once and one-third
of the patients had a history of mechanical ventilation.
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. Clinical findings in PIBO include persistent cough, sputum, wheezing, and shortness of breath.26 Our pati-
ents’ findings were consistent with other studies and persistent cough and wheezing are the most common
findings in our study. 24,27

PIBO generally occurs after a severe viral infection.8In our study, there were only five proven viral agents.
Because our hospital is a tertiary center, most patients are referred from other hospitals within weeks or
months long after the acute initial injury. Thus, it was not possible to determine etiological agents.

The diagnosis of PIBO is made by clinical and radiological evaluation and the exclusion of other respiratory
diseases.7Sweat chloride test, skin prick test, tuberculin skin test, immunoglobulin levels and echocardio-
graphy were performed in our patients for differential diagnosis, and all of them were normal. Ya-nan- li
et al. performed a bronchoscopy on half of the patients in their series, and they found bronchial mucosal
inflammations in 12 patients, tracheomalacia in two patients and normal findings in six patients.10 Among
our 114 patients, bronchoscopy was performed in 75 patients and seros secretions were mostly seen.

Although HRCT is the most sensitive tool for diagnosis, there are no pathognomonic radiological findings
in patients with PIBO.3 Air trapping, peribronchial thickening, bronchiectasis, atelectasis and mucus plugs
are mostly seen in patients with PIBO.7 Peribronchial thickening, air trapping and bronchiectasis were also
the most common radiological findings in our study. Cazzata et al. and Bo Qio et al. found similar findings
with our study. 28,15 Bronchiectasis rates may vary in a considerable range in the literature.10,29,30 In our
study, there was bronchiectasis in about half of the patients in HRCT.

Since PIBO is a disease affecting smaller airways, the obstructive pattern is mostly present in PFTs.9

Because of the young age of our study, initial PFT could only be performed in 17 patients. Moderate and
severe obstruction in FEV1 and FVC were found. Our FEV1 and FVC results were concomitant with other
studies.25,29 There were studies that noted lower and higher FEV1/FVC values than our study.28,31-33

Treatment of PIBO is variable, and there is no standard protocol in the literature. Zhang et al. administered
inhaled budesonide, inhaled ipratropium bromide and inhaled terbutaline to their patients for one year
and found an improvement of 86, 6% in symptom scores and 56,6% in PFT (27). In a study in which
azithromycin and prednisolone were administered for a long time, improvement of the clinical findings was
shown in 62,5% of their patients, but no radiological improvement was established.19 In another study,
after six months of azithromycin and oral steroid combination therapy, the symptoms regressed in 85,7%
of patients.10 Another study from Turkey showed that systemic steroid therapy in PIBO did not lead to
a satisfactory clinical outcome in their patients.34 We administered four different treatment regimes to the
patients. After treatment, we found significant improvement in clinical findings. Hospital admission rate of
our patients decreased from 90,3% to 12,3%. There was no PICU admission requirement after treatment.
We also evaluated radiological findings of pre- and post-treatment of patients with PIBO. There was a
significant improvement in bronchiectasis, atelectasis, hyperinflation and air trapping findings. Wang et al.
showed that HRCT observation in 62,5% of their patients was significantly improved.19 We also detected a
significant decrease Bhalla score pre- and post-treatment. Bhalla score is actually created for bronchiectasis.
The studies in the literature are mostly concerning CF and non-CF bronchiectasis; there are a few studies
that evaluated Bhalla score in non-bronchiectasis patients. A study that evaluated the Bhalla score in PIBO
found that mostly patients of their ( 90,5%) had moderate Bhalla score; however, to our knowledge, there
is no evaluation of pre- and post-treatment in this study.31 In our study, 66,3% of patients had mild Bhalla
score and 27,4% of patients had moderate Bhalla score. We noted that post-treatment mean Bhalla scores
significantly decreased. To our knowledge, this study is the first study in the literature that evaluated the
efficiency of treatment by a radiological scoring. Radiological comparison of treatment subgroups indicated
combined IC, OC and AZT therapy (Therapy 1) improved radiological findings and increased Bhalla scores
significantly; only IC treatment (Therapy 2) increased Bhalla scores significantly.

Plethysmography is a lung function test that shows lung volumes and used to detect hyperinflation in patients
with PIBO. There was no pre-treatment plethysmography study in our patients. The results of 22 patients
who were able to perform plethysmography after treatment demonstrated that hyperinflation exists in our
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. patients. Plethysmography findings of our patients were consistent with other studies in the literature (35,
31). DLCO is a measurement that shows the transfer of carbon monoxide from the alveolar membrane to
the blood. In our study, the results of 22 patients revealed a mild reduction in DLCO. The results of the few
studies that evaluate DLCO in PIBO are consistent with our study.8

Among all our patients who followed up a median of 48 months, twelve patients had oxygen requirements.
Chronic respiratory failure developed in eleven patients (9,6%) and three patients (3,6) died. In a prospective
study that evaluated 58 patients, oxygen requirement was revealed in 19% of the patients.35

In conclusion, the current study is one of the largest numbers of patients with PIBO and one of a few
studies that evaluate clinical and radiological features pre- and post-treatment. Also, Current study is one
of the studies in which PIBO patients were followed for a long time. We found that azithromycin and
oral corticosteroid treatment are clinically and radiologically effective in patients with PIBO. However,
prospective randomized-controlled studies are needed to prove this.

There were a few limitations in our study. First, because of the young age of our patients, the number of
patients was able to perform PFT were few, second, we have no control groups in treatment, and finally, we
had fewer patients who had microbiological agent etilogy.
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Figure legend

Figure 1. Treatment flow chart of the patients
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