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ABSTRACT

OBJECTIVE: Flexible bronchoscopy (FB) is an important tool for evaluating pediatric patients with respiratory issues. This
study aims to investigate the clinical features of children who underwent FB.

METHODS: The study included 191 children who underwent FB between April 1, 2021 and December 31, 2022. Demo-
graphic and clinical data were retrospectively reviewed.

RESULTS: One hundred ninety-one children (45% girl) were enrolled to study. Median age was 25 months (min 1, max
214 months) and median duration of complaints was 4 (min 1, max 80) months. Among the patients, 61.7% of them had a
chronic disease. The main indications were stridor (17.6%) and extubation failure (13.5%). Rate of patients in the ICU during
FB was 27.5% and 15.5% of them were intubated. Airway secretions in the lower respiratory tract and isolated laryngoma-
lacia were the most common abnormal FB results (30.1% and 9.8% respectively). The most common abnormal FB findings
were in children with extubation failure (92.3%). Forty percent of patients with chronic cough had abnormal FB findings.
Bronchoalveolar lavage (BAL) sampling was performed in 61.6% (n=119) of patients and Haemophilus influenzae was the
most common pathogen in these patients (n=40).

CONCLUSION: FB is a valuable tool for investigating airway pathology and BAL sampling in children with respiratory problems.
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lexible bronchoscopy (FB) is a crucial and safe tool

used to assess the anatomic and dynamic aspects of
both upper and lower respiratory tracts [1]. Over the
years, technological advancements have led to the produc-
tion of FBs in various sizes, resulting in increased usage
[2]. A multicenter survey in China that evaluated pedi-
atric bronchoscopy procedures showed that the median
number of FBs performed in a single center in one year
was 158, and eight centers performed more than 1000 pe-
diatric FBs. Indications of FB in the pediatric population
are very common [3]. Recurrent lower respiratory tract
infections (LRTT), stridor, persistent wheezing, chronic
cough, bronchoalveolar lavage (BAL) sampling, and sus-
pected foreign body aspiration (FBA) are some of the in-
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dications for FB in the pediatric population [4—6]. While
EB is primarily utilized for diagnosis due to its excellent
imaging and dynamic video capabilities, it also serves as
a treatment tool. Procedures like mucus plug removal,
whole lung lavage, hemoptysis control, and widening of
narrow airways can be performed with FB [7, 8]. Pedi-
atric FB necessitates general anesthesia and can be con-
ducted in bronchoscopy units, operating rooms, or at the
patient’s bedside. Bedside FB holds a distinct advantage
as it eliminates the need for patient mobilization [9].

This study aims to show the results of FB in children in
a tertiary center in Istanbul and to retrospectively evaluate
the indications of FB, demographic and clinical features of
patients, and the anatomic and microbiological results of FB.
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MATERIALS AND METHODS

This study was conducted at Umraniye Training and
Research Hospital. The medical records of children
who underwent FB between April 1, 2021, and De-
cember 31, 2022, were evaluated. A total of 191 pe-
diatric patients (45% female) aged 1 to 214 months
(median age: 25 months) were included. The socio-
demographic and clinical features, FB indications, and
results of FB were recorded from the medical records
of patients. The study was conducted in compliance
with the Declaration of Helsinki and was approved by
the Umraniye Training and Research Hospital Ethics
Committee (decision number: 172, date: 26.05.2021).

FB was performed by the same pediatric pul-
monology specialist in either the operating room or
ICU. Sedation and anesthesia were administered by an
anesthesiologist, using midazolam for premedication
and propofol for sedation and anesthesia. All opera-
tions utilized a 3.6 mm diameter Olympus broncho-
scope. Lidocaine was employed as topical anesthesia
for the vocal cords and carina. The nasal route was used
for all patients. Oxygen supplementation was provided
during the procedure. Children in the ICU received
positive ventilation and oxygen support during FB. If
necessary, BAL was conducted in the area affected by
the disease or pathology. If needed, BAL was taken in
the area that is involved in the disease or pathology.
Growth above 10000 cfu/ml was considered microbi-
ologically significant. For cases with diffuse disease or
no identifiable pathological area, BAL sampling was
obtained from the right middle lobe or lingula using 3
ml/kg of saline.

Airway malacia was diagnosed through visual ob-
servation during spontaneous breathing, defined as the
collapse of at least 50% of the airway lumen. Subglottic
stenosis was characterized by 50% or more luminal ob-
struction of the subglottic area.

Statistical Analysis

The SPSS Statistics 23.0 software (IBM SPSS Statis-
tics, Chicago, IL, USA) was used for statistical analy-
sis. Categorical variables were presented as percentages,
while continuous variables were presented as mean
(SD) for normally distributed data, and median (in-
terquartile range [IQR]) for non-normally distributed
data. Fisher’s exact test was employed to compare cate-
gorical variables.

Highlight key points

¢ Flexible Bronchoscopy (FB) is an important tool for evaluat-
ing patients with respiratory problems.

e FB provides the anatomical evaluation of the airways as well
as BAL sampling and secterion clearance.

e There are many FB indications such as recurrent lower res-
piratory tract infections (LRTI), stridor, persistent wheezing,
chronic cough, bronchoalveolar lavage (BAL) sampling etc.

e FB can be safely performed in children with chronic repira-
tory problems in appropriate indications.

RESULTS

191 pediatric patients who underwent FB were enrolled,
of whom 104 (55%) were boys and 87 (45%) were girls.
The current median age was 25 months (minimum 1,
maximum 214 months), and the median duration of com-
plaints was 4 months (minimum 1, maximum 80 months).
Of these patients, 119 (61.7%) had a chronic disease, with
neurological disease being the most common (16.6%) fol-
lowed by congenital heart diseases. Stridor was the most
common indication for FB (17.6%), and 27.5% of patients
were in the ICU during bronchoscopy, including seven pa-
tients in the neonatal intensive care unit (NICU). Thirty
patients (56.6% of patients in the ICU) were intubated
before bronchoscopy. These patients were intubated al-
ready because of their primary illness. The rate of patients
who had an abnormal chest X-ray was 39.4%. The de-
mographic, clinical, and radiological characteristics of pa-
tients and indications of FB are shown in Table 1.

Table 2 shows the results and recommendations after
bronchoscopy. 33.2% of patients had upper respiratory
tract problems, and 36.8% had lower respiratory tract
problems. The most common result was isolated secre-
tions. Laryngomalacia (LM) was the second most com-
mon airway problem (isolated LM: 9.8%). LM was also
present together with other abnormal findings, such as
secretions, bronchomalacia, tracheomalacia, etc. (total:
14.5%). Secretions were the most common problem in
the lower respiratory tract (30.1%). The rate of both
upper and lower respiratory tract problems was 14.5%.
Clinical follow-up and continuation of current treatment
were the most common recommendations after FB. The
second was new medical treatment. 37 patients (19.2%)
were referred for surgery. FB and microbiological results
of patients according to indications of FB are shown
in Table 3. The most common result of flexible bron-
choscopy that was performed by the stridor indication
was laryngomalacia (35.2%).
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THBLE 1 D'emograpt.wlc,. cI|r.1|ca| idliededicalicigies Sl TABLE 2. FB results and recommandations after FB
tics of patients and indications of FB
Age-median (month) 25 (Min 1, Max 214) n %
IQR 8.5-86
Duration of compliants-median (month) 4 (Min 1, Max 80) Normal 64 33.2
IQR 2-12 Upper respiratory tract problems 30 15.5
Gender (qir), n (%) 87.(45) Isiollztlgctjtith:tenosis 49}?
Presence of chronic disease, n (%) 119 (61.7) )
Neurlogical disease, n 16.6 X:S;:ég:;l pathology gg
Congenital hearth disease 9.3 Subglottic hemangioma 0:5
IB;omnE:og:fng::;y dysplasia ;g Lower respiratory tract problems 71 36.8
Metabolic disease 41 Isolated Secretion 30.1
. ) Airway narrowing and secretion 4.1
Rhomatological disease 2 Granulation tissue and secretion 3.1
Aéthma . . 2 Isolated tracheomalacia 2.6
Diaphragmatic hernia 16 Isolated airway narrowing 2.6
Scoliosis 1.6 Isolated granulation tissue 2.6
Tracheoesophageal fistula 1.6 Foreign body 26
Neuromuscular disease 1 Both upper and lower respiratory problems 28 145
Others 8.2 Laryngotracheomalacia 4.6
FB indications, n LM and secretions 4.6
Stridor 17.6 Laryngeotracheobroncomalacia 3.1
Extubation failure 13.5 LM and bronchomalacia 2.2
Atelectasis 124 Recommandations after FB
Recurrent LRTI 11.9 Clinical follow-up or continue of current treatment  39.9
BAL sampling 8.8 Medical treatment 29.0
Chronic cough resistant to treatment 7.8 Surgery 19.2
Suspected foreign body aspiration 6.7 Additional examination or consultation 10.4
Hemoptysis 6.2 Decannulation 1.5
Persistant wheezing 5.7 FB: Flexible bronchoscopy; LM: Laryngomalacia.
Pre- dekanulation evaluation 5.2
Feeding problems 2.6
?gju;er?:gc[)c;z:choscopy 217'_65 microbiologica_d rejsult. The most common pathogen
Respiratory support before FB, n was Haemophilus influenzae.
Intubation 1.5 Table 5 shows a comparison of normal and abnor-
Non-invasive ventilation 9.8 mal FB results. There was no statistically significant
Tracheostomy 7.8 difference between the two groups in age and duration
Oxygen support 36 of complaints. Stridor and extubation failure as indi-
Non-support 63.2 cations were significantly higher in the abnormal FB
Abnormal chest X-ray, n 39.4 group than in the normal FB group (p<0.05). How-
Performed thorax CT, n 39.4

FB: Flexible bronchoscopy; LRTI: Lower respiratory tract infection; BAL: Bron-
choalveolar lavage; ICU: Intensive care unit; CT: Computed tomography.

Microbiological results were summarized in Table
4. 119 (61.6%) patients underwent BAL sampling,
and among these patients, 40 (20.7%) had a positive

ever, chronic cough and hemoptysis indications were
significantly higher in the normal group than in the
abnormal group (p<0.05). The rate of the presence
of chronic disease was significantly higher in the ab-
normal group (p<0.05). Abnormal X-ray and chest
CT findings were significantly higher in the abnormal
group (p<0.05). When the rates of respiratory sup-
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TABLE 3. FB and microbiological results of patients according to indications of FB

Stridor Extubation failure Atelectasis Recurrent LTRI BAL sampling Chronic cough

Number 34% 26% 24% 23% 17% 15%
Abnormal FB 85.2 92.3 79.1 65.2 64.7 40
Isolated Secretion 11.7 30.8 70.8 43.4 64.7 26.7
Isolated LM 35.2 7.7 8.3 8.6 0 0
Tracheomalacia 11.7 11.5 0 4.4 0 0
Bronchomalacia 5.8 7.7 0 0 0 0
Subglottic stenosis 5.8 26.9 0 0 0
Vaocal cord pathology 2.9 7.7 0 4.4 0 0
Airway narrowing 8.8 0 0 4.4 0 13.3
Granulation tissue 2.9 0 0 0 0 0
Microbiological results

Positive 8.8 0 37.5 35.2 13.3

FB: Flexible bronchoscopy; LM: Laryngomalacia; BAL: Bronchoalveolar lavage; LTRI: Lower respiratory tract infetion.

TABLE 4. Microbiological results of patients’ BAL samples

%
BAL sampled n=119 (61.6)
Negative 40.9
Positive 20.7
Haemophilus influenzae 3.1
Candida albicans 2.5
Klebsiella pneumoniae 2.1
Serratia marcescens 2.1
Psuedomanas aeruginosa 1.5
Moraxella catarrhalis 1
Escherichia coli 1
Stenotrophomanas maltophilia 1
Stapylococcus aureus 1
Streptococcus pneumonia 1
Staphylococcus epidermidis 0.5
Aspergillus fumigatus 0.5
Others 3.1

BAL: Bronchoalveolar lavage.

port before FB were evaluated, it was seen that non-
support and intubation were significantly different
between the normal and abnormal groups (p<0.05).
However, there was no statistically significant differ-
ence in tracheostomy and oxygen support.

DISCUSSION

EB is an important diagnostic and therapeutic tool com-
monly used in pediatric pulmonary disorders. Recently, the
use of FB has increased rapidly. FB allows anatomic and
dynamic observation in patients with respiratory problems.
This study evaluated 191 FB results in a tertiary center. FB
indications, clinical features of patients during the proce-
dure, and FB results were assessed in the current study.

Among patients in our study, 61.7% of them had a
chronic disease. The most common chronic disease was
neurological disease. Another study from Turkiye found
that immune deficiencies were the most common chronic
disease [10]. Rate of patients with immune deficiency in
our study was 5.7%. The second most common chronic
disease was congenital heart disease.

Performing pediatric FB has increased recently, there
are a lot of indications for FB in the pediatric popula-
tion [11]. In our study, the most common indication was
stridot, second was extubation failure. A survey study
from China found that the most common indication was
atelectasis/lobar pneumonia [3]. Another retrospective
study from Greece reported that stridor was the most
common indication as in our study [12]. A large pop-
ulation study that was designed by Ferraoe et al. [13]
showed that the most frequent indication was recurrent
respiratory infection. The reason for frequency of differ-
ent indications among studies was thought to be related
to the clinical features of the centers.
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TABLE 5. Comparison of normal and abnorma bronchoscopic results
Normal (62) Abnormal (131) p*
Age (mean) (month) 62.5+59.1 50.6+44.2 0.198
Duration of compliants (mean) (month) 8.3£7.3 10.5+9.2 0.33
Indications
Chronic cough 14.5 4.5 <0.05
Stridor 5(8 22.1 <0.05
Recurrent LRTI 12.9 11.4 0.771
Atelectasis 14.5 0.206
BAL sampling 9.6 8.3 0.06
Extubation failure 3.2 18.3 <0.05
Persistant wheezing 6.4 53 0.757
Hemoptysis 12.9 3.0 <0.05
Suspected foreign body aspiration 11.2 4.5 0.082
Presence of chronic disease 41.9 70.9 <0.05
Abnormal chest X-ray 46.7 65.6 <0.05
Abnormal chest CT 33.8 29.7 <0.05
Positive BAL result 14.5 23.6 0.094
Respiratory support before FB
Non-support 83.8 53.4 <0.05
Intubation 3.2 21.3 <0.05
Tracheostomy 4.8 9.1 0.295
Oxygen support 4.8 83.9 0.374

*: Chi-square test, LRTI: Lower respiratory tract infetion; CT: Computed tomography; BAL: Bronchoalveolar lavage; FB: Flexible bronchoscopy.

The rate of patients in ICU during FB was 27.5%
in our study. Among these patients, 7 children were in
Neonatal Intensive Care Unit (NICU). More than half
of these patients were intubated during the operation
(56.6%). A study that evaluated pediatric FB at ICU in
Turkiye reported similar intubation rate as our study
(48.5%) [14]. Another study from China that investi-
gated pediatric FB results at NICU showed that rate of
intubated patients was 55.1% [15].

The most seen abnormality of our FBs was secretions
in lower airways. Laryngomalacia (isolated or in combina-
tion with other abnormalities) was the second most fre-
quent FB result in our study. A retrospective study from
Greece showed that the most frequent result was laryn-
gomalacia [12]. Another study from our country also re-
ported that secretions in lower airways were the most seen
in FB results in their cohort as in our current study [10].
Also FB results according to indications subgroups were
evaluated in our study. The most seen FB result in pa-
tients with stridor was laryngomalacia. Erdem et al. [16]
reported that the most frequent result in infants who un-

derwent FB with stridor indication was laryngomalacia.
Chronic cough is also one of the indications for pediatric
FB [6]. Ferrao et al. [13] found that malacia diseases were
the most common finding in patients with chronic cough.
In our study, there is no laryngomalacia result in a patient
with chronic cough. Isolated secretions in the lower respi-
ratory tract are most seen in children with chronic cough.

BAL microbiological results were investigated in the
current study. Among 119 patients who underwent BAL
sampling, 40 patients had a positive result. The most com-
mon pathogen was Haemopbhilus influenzae. Most of other
studies also reported results as our study [10, 13,17, 18].

In this study, patients with normal and pathologic FB
results were compared for indications and other clinical
features. Stridor, chronic cough, hemoptysis, and BAL
sampling as indications were significantly higher in pa-
tients with pathologic FB results than in patients with
normal FB results. Another study that evaluated the di-
agnostic yield of FB in children reported that stridor in-
dication was a higher diagnostic yield [12].
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The current study had some limitations. Firstly, the
study was a retrospective study; second, there were no vi-
ral BAL results in the study; lastly, BAL secretions score
and malacia classification were not done.

Conclusion

Flexible bronchoscopy is a crucial diagnostic tool in pe-
diatric respiratory diseases. Indications for pediatric age
group are very wide FB such as stridor, atelectasis, recut-
rent LTRI, etc. Since FB provides both the visualization
of airway anatomy and BAL sampling, it is a very useful
tool for children with respiratory problems.
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