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ABSTRACT

Objective:  Asthma is the most common chronic lung disease in childhood. Difficult-to-treat 
asthma is defined as the continuation of symptoms or attacks of patients despite step 4 or 
5 of Global Initiative for Asthma therapy. In the differential diagnosis of these patients, flex-
ible fiberoptic bronchoscopy is recommended to exclude other lung diseases. In this study, we 
aimed to examine the clinical and radiologic features and flexible fiberoptic bronchoscopy 
findings of patients referred to our pediatric pulmonology department due to difficult-to-treat 
asthma and determine the effects of flexible fiberoptic bronchoscopy on the differential diag-
nosis and treatment.

Materials and Methods: The demographic characteristics and flexible fiberoptic bronchoscopy 
results of 62 patients who were diagnosed as having difficult-to-treat asthma in our pediatric 
pulmonology department between January 2015 and June 2020 were evaluated retrospectively. 
The symptoms, history, medications, physical examination findings, pulmonary function tests, and 
radiologic findings of patients who underwent flexible fiberoptic bronchoscopy were evaluated.

Results: The median age of the patients was 69 (interquartile range: 42-108 months). The most 
common reasons for the referral of these patients were chronic cough, recurrent pulmonary 
infections, and persistent wheezing. All patients had chest radiography and 37 (59.7%) had 
chest computed tomography at their first admission; 14 (37.8%) patients had abnormal findings 
on chest computed tomography. There was no significant difference in terms of age, physical 
examination findings, pulmonary function test results, and radiologic examinations between 
patients with and without pathologic bronchoscopy findings. None of the patients had com-
plications during and after flexible fiberoptic bronchoscopy. The most common diagnoses of 
patients based on flexible fiberoptic bronchoscopy were persistent bacterial bronchitis in 19 
(30.6%) patients, tracheomalacia and/or bronchomalacia in 12 (19.4%), and anatomic anoma-
lies in 3 (4.8%) patients (separation of lingula into 3, separation of right upper lobe bronchus into 
4, and tracheal dyskinesia). Mycobacterium tuberculosis growth was observed in the tubercu-
losis culture of 1 patient. According to the flexible fiberoptic bronchoscopy and bronchoalveolar 
lavage results, antituberculosis treatment was initiated in 1 patient and polypoid mass excision 
was performed in 1 patient. A proton pump inhibitor was started in 9 (15.5%) patients, physio-
therapy in 5 (8.0%), antibiotics in 14 (22.5%), and ipratropium bromide in 7 (11.2%) patients. All 
patients were followed up with the diagnosis of asthma except for 2 patients. 

Conclusion: To date, there is no prospective study evaluating the importance of flexible fiber-
optic bronchoscopy in difficult-to-treat asthma in childhood. In our small cohort, persistent 
bacterial bronchitis, airway tracheomalacia and/or bronchomalacia, gastroesophageal reflux, 
and other anatomic anomalies were successfully diagnosed using flexible fiberoptic bronchos-
copy and treated without any complications, suggesting that flexible fiberoptic bronchoscopy 
is an important diagnostic tool with a low complication rate in children with difficult-to-treat 
asthma.
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What is already known 
on this topic?
• Asthma is the most com-

mon chronic lung disease in 
childhood. In the differential 
diagnosis of patients with dif-
ficult-to-treat asthma, flexible 
fiberoptic bronchoscopy  is 
recommended to exclude other 
lung diseases.

• Persistent bacterial bronchitis, 
congenital-structural prob-
lems, foreign body aspiration, 
and gastroesophageal reflux 
should be excluded in patients 
with difficult-to-treat asthma.

What this study adds on 
this topic?
• Persistent bacterial bronchi-

tis, airway malacia, gastro-
esophageal reflux, and other 
anatomic anomalies were suc-
cessfully diagnosed using flex-
ible fiberoptic bronchoscopy 
and treated without any com-
plications Suggesting that flex-
ible fiberoptic bronchoscopy is 
an important diagnostic tool 
with a low complication rate in 
children with difficult-to-treat 
asthma.
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INTRODUCTION

Asthma is the most common chronic disease of childhood. 
Difficult-to-treat asthma is defined as the continuation of 
symptoms or attacks of patients despite step 4 or 5 of Global 
Initiative for Asthma (GINA) therapy.1 In the differential diagno-
sis of these patients, flexible fiberoptic bronchoscopy (FFB) is 
recommended to exclude other lung diseases.2

Persistent bacterial bronchitis (PBB), congenital-struc-
tural problems, foreign body aspiration, GER, bronchiol-
itis obliterans, vascular rings, and H-type fistules should be 
excluded in patients with a diagnosis of difficult-to-treat 
asthma.3-6 Persistent bacterial bronchitis is characterized by a 
wet cough lasting more than 4 weeks, isolation of bacteria in 
the bronchoalveolar lavage (BAL) culture, and good response 
of the symptoms to 2-week antibiotic treatment.7 Due to the 
difficulties in collecting sputum samples from children, it is 
difficult to prove PBB microbiologically; therefore, the gold 
standard in diagnosis is obtaining BAL samples via bronchos-
copy.8 Flexible bronchoscopy often reveals signs of bronchi-
tis characterized by purulent secretion, airway edema, and 
inflammation.9-10 Tracheomalacia is defined as at least a 
50% collapse of the tracheal lumen on expiration.11 There is 
no gold standard for the detection of tracheobronchomala-
cia (TBM), but FFB is preferred by pediatric pulmonologists 
in children who breathe spontaneously.12-15 Gastroesophageal 
reflux (GER) has been shown to be associated with chronic 
upper and lower airway symptoms, including reactive air-
way disease, recurrent stridor, chronic cough, and recurrent 
pneumonia in patients who do not respond to asthma treat-
ment.16 Although the gold standard for the diagnosis of GER is 
a 24-hour pH meter measurement, studies are showing that 
this is not superior to the detection of lipid-loaded macro-
phages in the cytology of BAL fluid.17

In this study, we aimed to evaluate the clinical characteris-
tics, radiologic features, and FFB findings of patients who 
were referred to our pediatric pulmonology department due 
to difficult-to-treat asthma. Our second aim was to determine 
the effects of FFB on diagnosis, symptoms, and treatment in 
patients with difficult-to-treat asthma.

MATERIALS AND METHODS

Study Design
In this retrospective cross-sectional study, the demographic 
characteristics and FFB results of 62 patients who were diag-
nosed as having difficult-to-treat asthma among 582 patients 
who underwent FFB in the pediatric pulmonology department 
of our hospital between January 2015 and June 2020 were 
evaluated. Patients who were diagnosed as having difficult-
to-treat asthma based on GINA criteria and referred to our 
pediatric pulmonology department due to their prolonged 
symptoms were included in the study.1 Patients without primary 
lung disease comorbidity were not excluded.

Before the FFB procedure, the consent of the patient’s relatives 
was obtained for the procedure. The study was approved by 
the ethics committee of Hacettepe University Institutional Ethics 
Committee (No:20/1085)

Data Collection and Definitions
The symptoms, previous history, medications, physical exami-
nation findings, respiratory function tests, and radiologic find-
ings of patients who underwent FFB were evaluated. The FFB 
images of the patients and microbiologic and cytologic analy-
ses of the BAL samples obtained during the procedure were 
examined. Tracheomalacia was considered as at least a 50% 
collapse of the tracheal lumen on expiration and was evalu-
ated under mild sedation to minimize the effect of anesthesia 
on airway dynamics.11

Physiotherapy was recommended to patients with atelectasis 
and abnormal mucus secretions. Ipratropium bromide was 
used for patients diagnosed with tracheomalacia and/or bron-
chomalacia and severe wheezing.11

Although normal pulmonary function tests do not exclude the 
diagnosis of asthma, it is recommended to use the Forced 
expiratory volume in one second (FEV1)/Forced vital capacity 
(FVC) ratio as the most appropriate test to diagnose airflow 
limitation, since the FEV1 value may be found to be low in many 
diseases. Values below the 90% limit indicate obstruction.18

Bronchoscopy Procedure
Our bronchoscopy team consists of the following: physician, 
assistant for procedures, nurse, anesthesiologist, and sedation 
nurse. We obtained consent from the family before the proce-
dure. The procedure was conducted with an Olympus® flexible 
bronchoscope that included 2.2 mm, 3.6 mm, 4.2 mm, and 5.0 
mm external diameter options. Either laryngeal masks (LMA) 
or the nasal cavity route was utilized for entry. Bronchoalveolar 
lavage was performed through the injection of a pre-warmed 
sterile saline solution. Bronchoalveolar lavage samples were 
taken from the most affected lung segment; the right middle 
lobe of the lung was preferred for patients in whom the most 
affected lung segment could not be identified. Microbiological 
cultures and cytology are studied from BAL in all patients. Viral 
tests are also running from the BAL of immunocompromised 
patients. Detection of bacteria above 104 cfu/mL in BAL was 
considered significant and defined as clinically important 
lower airway infection.19

Statistical Analysis
Data analyses were performed usingthe Statistical Package for 
Social Sciences, version 22.0 software (SPSS Inc.; Chicago,IL, 
USA).. Continuous variables were tested for normality using the 
Shapiro–Wilk test. Values are presented as mean ± standard 
deviation for variables with normal distribution or in the case 
of nonnormally distributed variables, as median and range. 
Comparisons of percentages between different groups of 
patients were performed using the Chi-square (χ²) test if indi-
cated or Fisher’s exact test. For data without normal distribu-
tion, comparisons were made using the Mann–Whitney U‐test 
(for 2 groups). In all analyses, P < .05 was taken to indicate 
statistical significance.

RESULTS

Patient Characteristics
The median age at asthma diagnosis was 36 months (inter-
quartile range (IQR): 18-60) in the study population (n = 62). 
At first visit to the pediatric pulmonology department, 19 (30%) 
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patients had comorbidity. Those were congenital heart dis-
eases, myasthenia gravis, common variable immune defi-
ciency, selective immunoglobulin (Ig)-A deficiency, Morgagni 
hernia, and atopic dermatitis.

The median age of the patients at the first admission to the pedi-
atric pulmonology department was 69 (range: 42-108) months. 
The most common reasons for referral to the pediatric pul-
monology department were prolonged cough in 29 patients 
(46.8%), recurrent pulmonary infection in 14 patients (22.6%), 
and persistent wheezing in 10 patients (16.1%). Ten patients had 
a history of atopy. Three of those with comorbidities had a his-
tory of atopy. Ten patients had a family history of asthma and 
4 had smoking exposure. Except for 1 (1.6%) patient with anti-
biotic allergy, there was no history of drug allergy. During the 
first evaluation of these patients at our pediatric pulmonology 
department, 75.8% had no pathologic findings in the respira-
tory system physical examination. Clubbing was not observed 
in any patients. Thirty-four (54.8%) patients had pulmonary 
function tests. Seven patients had an FEV1/FVC ratio of less 
than 90%. None of the patients were using high-dose inhaled 
steroids and long-acting beta-agonists. Characteristics of the 
patients at the time of first visit are given in Table 1. All patients 
had chest radiography and 37 (59.7%) had chest computed 
tomography (CT) in their first admission to the pediatric pulm-
onology department (Table 2).

Bronchoscopy and Bronchoalveolar Lavage
In the bronchoscopy procedure, the access route of 2 patients 
was nasal, and the bronchoscopic examination of all other 
patients was performed through an LMA. There were no com-
plications during any procedures. The bronchoscopic diag-
nosis of 24 (38.8%) patients was normal. Persistent bacterial 
bronchitis was diagnosed using FFB in 19 (30.6%) patients, 
tracheomalacia and/or bronchomalacia in 12 (19.4%), ana-
tomic anomalies in 3 (4.8%) (separation of the lingula into 3, 

separation of right upper lobe bronchus into 4, and tracheal 
dyskinesia), polypoid mass in the trachea in 1 patient, splitting 
in the right upper lobe into 2 segments in a patient with PBB, 
accessory bronchi in the right main bronchus in a patient with 
malacia, and malacia with PBB in 1 patient.

The cell type in the BAL was examined but not given as a per-
centage. Neutrophil predominance was present. Eosinophils 
were not predominant in any sample. Bronchoalveolar lavage 
aerobic culture revealed microorganism growth in 14 (22.5%) 
patients, 5 were Streptococcus pneumonia, 4 were Moraxella 
catarrhalis, 3 were Haemophilus influenza, and 2 were 
Klebsiella pneumonia, and these patients were diagnosed as 
having PBB. Mycobacterium tuberculosis growth was observed 
in the tuberculosis culture of 1 patient. There were no patients 
with fungal growth. The cytomegalovirus polymerase chain 
reaction result was positive in 1 patient, but it was not signifi-
cant due to the low viral load. Human rhinovirus was positive in 
only 1 patient who was sent for a viral respiratory tract panel. 
Lipid-loaded macrophages were detected in the BAL cytol-
ogy of 9 patients. Treatment recommendations were planned 
according to the results and diagnosis of bronchoscopy, BAL 
culture, and cytopathology. Antituberculosis treatment was ini-
tiated in 1 patient, excision of a polypoid mass was performed 
in 1 patient, 9 (15.5%) patients received proton pump inhibi-
tors (PPI), 5 (8.0%) were recommended for physiotherapy, 14 
(22.5%) were prescribed antibiotics, and 7 (11.2%) received 
ipratropium bromide treatment.

After the bronchoscopy procedure, 27 (43.5%) patients were lost 
to follow-up and the final diagnosis changed (tuberculosis and 
inflammatory myofibroblastic tumor in the trachea) in 2 (3.2%) 
patients. Thirty-one (50%) patients’ symptoms disappeared 
after the FFB; however, the symptoms of 2 (3.2%) patients were 
similar compared with the period before FFB. Inhaled steroid 
dosage was increased by the pediatric allergy department in 
these 2 patients.

Patients with and without positive bronchoscopy findings were 
compared and there were no significant differences between 
their age, physical examination findings, pulmonary function 
test results, and radiologic examinations (Table 3). Atelectasis, 
ground-glass appearance, and infiltrations were evaluated as 
radiologic findings compatible with an infection in the chest CT.

Infection with FFB was detected in 7 (50%) of 14 patients with 
consistent findings with an infection in chest CT, and 15 (65.2%) 
of 23 patients who had no signs of infection in CT were found 
to have an infection with FFB (P = 0.3). The median age of the 
patients with tracheomalacia and/or bronchomalacia during 
bronchoscopy was 45 (IQR: 9-139) months, and the median 
age of those without malacia was 72 (IQR: 9-168) months. 
Patients with malacia had significantly lower age compared 
with patients without malacia (P = .04).

The diagnosis of asthma persisted in all patients except for 2. 
These 2 patients were diagnosed as having tuberculosis with 
the growth of M. tuberculosis in BAL and a polypoid mass was 
diagnosed with an inflammatory myofibroblastic mass in the 
trachea. All patients had persistent symptoms when they were 
referred to the pediatric pulmonology department, but 94.2% of 
the 35 patients who came for follow-up visits after the FFB had 

Table 1. Clinical Characteristics of the Patients at the Time of 
First Visit 

Gender
Female:male (n) 27:35
Asthma diagnosis age (months), (median, IQR) 36 (18-60)
BMI (median, IQR) 16.9 (15-20)
SPO2 (median, IQR) 97.0 (96-98)
Initial symptoms, n (%)
 Wheezing 10 (16.1%)
 Cough 29 (46.8%)
 Wheezing and cough 5 (8.1%)
 Recurrent lung infection 14 (22.6%)
 Shortness of breath 4 (6.4%)
Atopy history, n (%) 10 (16.1%)
Initial physical examination findings, n (%)
 Crackle 3 (4.8%)
 Ronchus 6 (9.6%) 
 Crackle and ronchus 6 (9.6%)
Treatments used, n (%)
 Inhaled corticosteroid 60 (96.7%)
 Leukotriene receptor antagonist 31 (50%)
BMI, body mass index; IQR, interquartile range.
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no symptoms. The follow-up of 17 patients (4 were irregular) in 
the pediatric pulmonology department and 20 patients (5 were 
irregular) in the pediatric allergy department continues to 
date. No patient was diagnosed with severe asthma after the 
evaluation.

DISCUSSION

Asthma is a common chronic lung disease. It affects 1%-18% of 
society in different countries.20 In our country, the prevalence 
of asthma in children has been reported to vary between 0.7% 
and 21.2 %.18 When the treatment response is not sufficient in 
patients with a diagnosis of difficult-to-treat asthma, further 
examinations should be performed for the differential diag-
nosis of other lung diseases. Bronchoscopy is an important 
method used for the diagnosis and treatment of airway and 
pulmonary problems in infants and children.21 In our study, it 
was found that 62% of the patients referred to the pediatric 

pulmonology department with a diagnosis of difficult-to-treat 
asthma had positive FFB findings, the most common findings 
were PBB and tracheomalacia and/or bronchomalacia. The 
diagnosis of asthma remained present, except for 2 patients 
who were diagnosed as having tuberculosis with the growth 
of M. tuberculosis in BAL and who were found to have a pol-
ypoid mass with an inflammatory myofibroblastic mass in the 
trachea. However, when the patients were referred to the pedi-
atric pulmonology department, all of the patients had persis-
tent symptoms, but after FFB, 94.2% of those who presented for 
follow-up had no symptoms.

To the best of our knowledge, there is no study evaluating the 
effect of FFB in patients with difficult-to-treat asthma in the 
pediatric age group. Many adult studies have shown that FFB is 
safe in patients with difficult-to-treat asthma.22-24 In our study, 
no complications were found during or after the procedure.

Fraccia et al25 found the most common causes of chronic cough 
were malacia and PBB in their triple endoscopy study per-
formed with 243 children. In our study, 54.9% of our patients 
had symptoms of cough at their presentation and similarly, the 
most common bronchoscopic diagnoses were PBB in 33.9% and 
malacia in 19.3% of the patients. The most common microor-
ganisms grown in BAL cultures in patients diagnosed as having 
persistent bacterial bronchitis were reported as S. pneumonia 
and H. influenza.9 Similarly, in our study, we found that most of 
the patients who were diagnosed as having PBB had growth of 
the same microorganisms.

Table 2. Pulmonary Function Test, Radiological and Flexible 
Fiberoptic Bronchoscopy Findings at First Admission to Pediatric 
Pulmonology Department
Pulmonary function test (n = 34) (median, 

IQR)
 FEV1% 98 (76-108)
 FVC% 95 (83-105)
 FEF 25%–75% 87.5(57-120)
 FEV1/FVC% 101.5 (90-113)
 PEF% 83 (71.2-100)

n (%)
Chest x-ray (n = 62)
 Normal 36 (58.1)
 Peribronchial thickening 5 (8.1)
 Atelectasis 7 (11.3)
 Bronchiectasis 3 (4.8)
 Hyperaeration 5 (8.1)
 Pneumonic infiltration 3 (4.8)
 Multiple findings* 3 (4.8)
Chest computed tomography (n = 37)
 Normal 9 (24.3)
 Peribronchial thickening 2 (5.4)
 Atelectasis 6 (16.2)
 Ground glass 1 (2.7)
 Hyperaeration 1 (2.7)
 Pneumonic infiltration 2 (5.4)
 Multiple findings* 16 (43.2)
Bronchoscopy diagnoses
 Normal 24 (38.8)
 Persistent bacterial bronchitis (PBB) 19 (30.6)
 PBB with malacia+ 1 (1.6)
 PBB with anatomical anomaly 1 (1.6)
 Malacia+ 12 (19.4)
 Malacia+ with anatomical anomaly 1 (1.6)
 Anatomical anomaly 3 (4.8)
 Polypoid mass 1 (1.6)
*Peribronchial thickening, atelectasis, ground glass, hyperaeration, pneumonic 
infiltration, +tracheomalacia and/or bronchomalacia.
FEV1, forced expiratory volume in 1 second; PEF, Peak expiratory flow;  
FEF, Forced mid-expiratory flow.

Table 3. Comparison of the Clinical Characteristics, Pulmonary 
Function Tests and Chest Radiology of the Patients with Positive 
and Negative Flexible Bronchoscopy Findings Who Were 
Referred with Difficult-To-Treat Asthma

With Positive 
Findings in FB 

(n = 40)

Without Finding 
in FB (n = 22) 

 P

Age, months 
(median, IQR)

116 (82.5-151) 108.5 (83-141) .9a

Physical examination (n = 62)
 Those with 
symptoms (n, %)

11 (17.7) 4 (6.4) .4b

 Those with no 
symptoms (n, %)

29 (46.7) 18 (29.0)

FEV1% (median, IQR) 91 (73-104) 104 (97-126) .05a

Chest radiography (n=62)
 Those with  
finding (n, %)

16 (25.8) 10 (16.1) .6b

 Those with no 
finding (n, %)

24 (38.7) 12 (19.3)

Chest CT (n=37)
 Those with  
finding (n, %)

7 (18.9) 7 (18.9) .3b

 Those with no 
finding (n, %)

15 (40.5) 8 (21.6)

FEV1, forced expiratory volume in 1 second; FB, flexible bronchoscopy; CT, 
computed tomography. 
aMann–Whitney U, bChi-square.
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Gastroesophageal reflux is one of the diseases associated with 
asthma.26 The sensitivity of lipid-loaded macrophages in the 
diagnosis of GER is low,27 but there are also studies support-
ing that it is as significant as 24-hour pH meters.16-17 No signifi-
cant benefit has been demonstrated in patients with asthma or 
chronic cough using PPIs.28-29 In our study, with the detection of 
lipid-loaded macrophages in the BAL cytology of nine patients, 
PPI treatment was recommended for GER. Their symptoms 
improved, and they were referred to the gastroenterol-
ogy department for follow-up. Unlike the literature, although 
the number of patients is low, we think that our patients who 
started PPI had a benefit from the treatment, so it can be a 
guide in the differential diagnosis.

Tuberculosis and airway lesions are diseases that should be 
kept in mind in the differential diagnosis of asthma.18 When the 
diagnosis of asthma is suspected, chest radiography should 
be performed to exclude structural anomalies and infections. 
Depending on the patient’s clinical findings and response 
to asthma treatment, further examinations such as chest CT 
and bronchoscopy may be required. As shown in the litera-
ture,30 even though there were no findings suggestive of tuber-
culosis in chest radiography in one of our patients, the patient 
was diagnosed as having tuberculosis due to the growth in BAL. 
In one of our patients, a biopsy was obtained using rigid bron-
choscopy from a polypoid mass detected in the trachea, which 
was diagnosed as an inflammatory myofibroblastic tumor.

Tracheomalacia and TBM are primary abnormalities of the 
large airways and may be associated with a wide variety of 
congenital and acquired conditions.31 Studies are showing that 
malacia has been detected in patients who do not respond 
to asthma treatment.32 Also, the patients who underwent 
FFB due to recurrent wheezing were found to have malacia 
in 60%, and in our study, 24.2% of our patients had wheez-
ing symptoms, and 69% were diagnosed as having malacia. 
Ipratropium bromide is one of the medical treatments used in 
malacia according to the European Respiratory Society state-
ment on tracheomalacia and bronchomalacia in children 
report.11 Gallagher et al33 reported that ipratropium bromide 
treatment in tracheomalacia reduced symptoms. In our study, 
it was observed that the symptoms improved in all patients who 
were started on ipratropium bromide. In addition, as shown in 
the literature,34 a significant difference was observed between 
the incidence of malacia and age in our study; the median 
age of patients with malacia at the time of bronchoscopy was 
45 months, and the median age of patients without malacia 
was 72 months.

Chest CT is not routinely recommended for patients with diffi-
cult-to-treat asthma.18 In our study, 37 of the patients had chest 
CT. Silva et al35 found that children with severe asthma showed 
differences in airway wall thickness and increased ventilation 
in high-resolution lung tomography compared with healthy 
controls. In our study, no significant relationship was found 
between radiologic imaging and FFB findings. These findings 
show that the exposure of patients to radiation could be pre-
vented and also suggest that in patients with FFB indications for 
differential diagnosis, history and physical examination find-
ings will be sufficient for the decision of FFB. In addition, the 
fact that none of our patients developed complications proved 

once again that the FFB is a safe procedure in tertiary care 
centers.

There are several limitations of our study. Firstly, some of our 
patients did not come for follow-up visits, therefore some of the 
records could not be reached. Secondly, we do not know if the 
pulmonary function tests were done according to the optimal 
conditions due to our retrospective design. Thirdly, preferring 
the LMA in the majority of the patients during the bronchos-
copy procedure prevented us from evaluating the upper respi-
ratory tract. Lastly, the study group was heterogeneous.

CONCLUSION
In conclusion, although there is no prospective study evaluating 
the importance of FFB in difficult-to-treat asthma, our study 
recommends FFB because of the low complication rate, the 
benefits in improving the differential diagnosis, quickly starting 
the appropriate treatment for PBB, airway malacia, GER, and 
also in excluding anatomic anomalies and persistent infections.
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