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ABSTRACT

Introduction: Bronchoscopy is an endoscopic examination of the trachea and
major bronchi. Indications for bronchoscopy can be categorized into clinical,
radiological, and therapeutic. These include airway compression, recurrent and
complex pneumonia, foreign body aspiration (FBA), interstitial lung disease,
endoscopic intubation, caustic ingestion, and bronchiectasis. Bronchoscopy is
generally regarded as a safe procedure, with major complications being rare.

Aim: Determine frequency of complications and safeness of bronchoscopies
among pediatric patients.

Material and methods: This retrospective analytical study reviewed data
from patients referred for bronchoscopy at the Pediatric Departments of the Medical
University of Silesia between January 2017 and June 2023. Over a 6-year period, 71
bronchoscopies were performed on 61 patients, ranging in age from 8 days to nearly
17 years (mean age: 2.24 years). The cohort included 24 girls and 37 boys; 6 children
(3 boys and 3 girls) had more than 1 bronchoscopy. The study aimed to characterize
the procedure and the patient population undergoing rigid bronchoscopy.

Results and discussion: The most common symptom prompting broncho-
scopy was a cough, reported by 27 patients (38%). Foreign bodies were identified
in 17 procedures (24%), with peanuts being the most frequent form of foreign
body (13 cases, 76%). The average duration of the procedure was 18 minutes.
Complications were observed in 5 bronchoscopies (7%).

Conclusions: Bronchoscopy is a safe procedure in the pediatric population.
In cases of ambiguous symptoms, FBA should be ruled out. Rigid bronchoscopy
under general anesthesia remains the preferred technique for managing FBA in
pediatric patients.
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1. INTRODUCTION

Bronchoscopy is an endoscopic examination of the trachea
and major bronchi, performed using either a flexible or
rigid bronchoscope. During the procedure, it is essential
to monitor oxygen saturation, blood pressure, and electro-
cardiogram (ECGQG). To maintain an oxygen saturation level
greater than 90%, oxygen is administered via a nasal cath-
eter. Each bronchoscopy room must be equipped with re-
suscitation tools.!?

Indications for bronchoscopy can be divided into clini-
cal, radiological, and therapeutic categories.! These include
airway compression, recurrent and complex pneumonia,
foreign body aspiration (FBA), interstitial lung disease, en-
doscopic intubation, caustic ingestion, and bronchiectasis.
Stridor and wheezing are among the most frequent indica-
tions for bronchoscopy.?

Contraindications for bronchoscopy include severe res-
piratory failure (except in therapeutic bronchoscopy), severe
heart failure (NYHA class IV), recent myocardial infarction
or unstable angina, severe arrhythmias (especially ventricu-
lar arrhythmias), cervical spine degeneration (related to rig-
id bronchoscopy), and a platelet count of 20,000/uwL or less.!

The process of bronchoscopy is regarded as safe, and
major complications are uncommon. The most frequent
adverse events include infections, hypoxia, and bradycardia
caused by obstruction during the procedure. Other poten-
tial side effects are laryngeal edema, laryngeal spasm, bron-
chospasm, bleeding in the tracheal and bronchial systems,
pneumothorax, pneumomediastinum, palate trauma, and
post-operative stridor.!'> An adverse event is any medical is-
sue occurring before, during, or after a procedure, even if it
is not directly related to the procedure, whereas a complica-
tion refers to an unwanted, unique, and often unanticipated
result of the procedure.

The decision to use a flexible or rigid bronchoscope de-
pends on the bronchoscopist's experience, the type of for-
eign body (FB), its location, and the necessary facilities for
the procedure.” At our center, rigid bronchoscopy was used
for our patients. In children, rigid bronchoscopy is typi-
cally performed under general anesthesia with ventilation
assistance. The risk of subglottic edema, associated with
manipulation of a rigid bronchoscope inserted orally, can be
mitigated by selecting the appropriately sized bronchoscope
for the patient’s age.?

Table 1. Size of the rigid bronchoscope according to age.?

Outside diameter,

Patient mean age (range), years Size, mm mm
Premature infant 25 3.7
Term newborn (birth — 3 months) 3.0 48
6 months (3 — 18 months) 3.5 57
18 months (1 — 3 years) 3.7 6.3
3 years (1¥2 - S years) 4.0 6.7
5 years (3 - 10 years) 5.0 78

10 years (>10 years — adolescent) 6.0 8.2

The purpose of this paper is to share personal experi-
ences in using bronchoscopy as a diagnostic and therapeutic
tool for children

2. AIM

This study aimed to determine the retrospective compara-
tive analysis, the frequency of complications of the proce-
dure, and the safeness of bronchoscopies performed among
pediatric patients during the last 6 years in our clinic.

3. MATERIAL AND METHODS

This retrospective analytical study reviewed all available

data for patients referred to the Pediatric Departments of the

Medical University of Silesia with symptoms that led to bron-

choscopy procedures between January 2017 and June 2023.
The goal was to characterize the procedure and the pa-

tient population undergoing rigid bronchoscopy. Collected

data included age, sex, BMI, and symptoms. Additionally, we
examined procedural factors such as duration, bronchoscope
type, findings during the procedure, and complications.

Clinical and radiological data were gathered from the hos-
pital's computerized database, chart reviews, and radiologi-
cal systems. Patients were selected for bronchoscopy based
on preliminary examinations, clinical symptoms, and X-ray
analyzes. Under general anesthesia, standardized procedures
were used to intubate each patient with a rigid bronchoscope,
employing mechanical debridement when necessary.

If a foreign body was discovered, forceps were used to
grasp and remove it, guided by the bronchoscope's light. Af-
ter removal, the bronchial tree was examined thoroughly. In
cases of inflammation or excessive mucus or pus, these were
suctioned out, and samples were taken for bacteriological
analysis. Following the removal of the bronchoscope, the
anesthesiologist intubated the patient to ensure safe recov-
ery from general anesthesia. All children with complica-
tions following the bronchoscopy procedure were assessed
using the Clavien-Dindo classification (Clavien I-II):

I. Any deviation from the normal postoperative course
without the need for pharmacological treatment or sur-
gical, endoscopic, and radiological interventions.

II. Complications requiring pharmacological treatment with
drugs other than those allowed for grade I complications).
Over a period of 6 years, 71 bronchoscopies were per-

formed in 61 patients, ranging in age from 8 days to 17 years

(mean age 2.24 years). 6 children (3 boys and 3 girls) had

more than 1 bronchoscopy. One boy and 1 girl underwent

this procedure 4 times, 2 boys and 2 girls — 2 times. Four
of the 6 children who had multiple operations were under

1 year old. The most common age group undergoing bron-

choscopy was 1 to 5 years. There were 24 girls and 37 boys.

The lowest body mass index (BMI) recorded was 8.84 kg/

m?and the highest was 28.12 kg/m?, with an average BMI

of 15.45 kg/m?.
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Statistical analysis was conducted on the collected data
to determine correlations between the variables. The Pear-
son correlation coefficient (R) was employed for the statis-
tical analysis. The analysis was performed using the SciPy
library in Python version 3.10.

4. RESULTS

Upon admission, the general condition of patients without
FBA was assessed as good in 33 patients (61%), moderate
in 7 patients (13%), and severe in 14 patients (26%). In con-
trast, the general condition of individuals with FBA was
assessed as good in 16 cases and moderate in 1 case. The
most frequent symptom reported was cough, observed in
27 patients (38%). Auscultatory changes (crackles, rhon-
chi, wheezes, unilateral decreased breath sounds, bilateral
decreased breath sounds) were noted in 45 patients (63%).
Suspicion of the presence of a foreign body was an indica-
tion for bronchoscopy in 34 patients (48%). A foreign body
was identified in 17 procedures, representing 51% of the
patients with suspected foreign body and 24% of all proce-
dures. Among patients with a suspected foreign body, cough
was reported in 21 cases (62%), making it the most frequent
single symptom, and auscultatory changes were observed in
30 cases (88%). In patients with confirmed FBA, cough was
the most frequent symptom, reported in 12 cases (71%), and
auscultatory changes were noted in 13 cases (76%). Howev-
er, statistical analysis did not reveal a significant correlation
between symptom type and the presence of a foreign body
(P = 0.5885).

The average duration of the procedure was 18 minutes.
The most prevalent foreign body was a peanut, found in 13
patients (76.4%), followed by a raisin, Lego block, draw-
ing pin, residual foreign body each in 1 patient (5.9%). The
right bronchus was the most common localization of foreign
bodies (13 patients, 76.4%), followed by the left bronchus (3
patients, 17.6%), and the trachea (1 patient, 5.9%).

Positive bacterial cultures were obtained in 17 patients
undergoing bronchoscopy, detecting 31 bacterial strains.
Among these, 18 (58.1%) were gram-negative and 13 (41.9%)
were gram-positive, with the most frequent strains being
Streptococcus mitis (G+) in 10 cases (32.3%) and Neisseria
lactamica (G-) in 6 cases (19.3%). Coinfection with differ-
ent strains was present in 13 patients (76.5%). Fungal infec-
tions were observed in 3 patients (Candida albicans and C.
lusitaniae). Only 1 patient undergoing bronchoscopy with
the presence of a foreign body was found to have bacterial
cultures. Statistical analysis did not show a significant cor-
relation between bacterial strain type and the presence of
a foreign body (P = 0.0608), or between bacterial type and
symptoms (P = 0.535).

Complications, including regional bleeding and mu-
cosal membrane irritation, were observed in 5 bronchosco-
pies (7.0%). The most common complication was bleeding,
noted in 3 procedures (4.2%). No severe complications were
reported during the procedures in our study group.

u<1year »1-5 years = 6-10 years >11 years

Figure 1. Age distribution of pediatric patients undergo-
ing bronchoscopy, n
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Figure 2. Age distribution of pediatric patients undergo-
ing bronchoscopy, %
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5. DISCUSSION

Based on the articles analyzed, the average age of patients
undergoing bronchoscopy for emergency indications in the
pediatric population was similar in Poland and internation-
ally. In Poland, depending on the study, it was between 3
and 5.5 years of age, and worldwide between 1.8 and 4.1
years.*»1013-1> These data are in line with our analysis, where
the average age of patients was 2.24 years.

In our study the right bronchus was the most common
localization of FBs found in 76.4% of analyzed patients
with confirmed FBA. In the general population, FBs are
frequently located in the right bronchial tree, a pattern at-
tributed to the anatomical structure of the tracheobronchial
tree.!* However, in the pediatric population, this correlation
is not as distinctly observed. While the right bronchial tree
predominated in most studies, the difference in FB loca-
tion between the right and left sides rarely exceeded 10%
points.>>!>1%18 Additionally, some centers have reported a
higher prevalence of foreign bodies in the left bronchial
tree.!%® The variability in the position of the carina relative
to the mid-trachea may explain why this right-sided prefer-
ence is less pronounced in children than in adults.'

The most prevalent FBs identified during bronchosco-
py were food items.” The majority of these were identified
as various types of nuts, with seeds also being a common
finding.>!%7-2! Similarly in our present study, a peanut rep-
resented a FB that was the most frequently found (in 13 pa-
tients; 76.4%).

Recent reports indicate that rigid bronchoscopy is pref-
erable to flexible bronchoscopy for FBA, particularly in
younger children with asphyxiating FBs or when physical
examination reveals unilateral decreased breath sounds and
wheezing, accompanied by hyperinflation and atelectasis on
imaging. The authors recommend that flexible bronchos-
copy should only be performed if there is the capability to
convert to rigid bronchoscopy at any point during the pro-
cedure.'”!82-2¢ According to the American Thoracic Society,
the presence of only one small suction channel during flexi-
ble bronchoscopy reduces the likelihood of successful FB re-
moval and increases the risk of theFB becoming dislodged.?

Only 10.7% of the 121 patients who initially underwent
flexible bronchoscopy were successfully treated using this
technique. Following an attempt to extract the FB with flex-
ible bronchoscopy, 3 patients experienced severe complica-
tions necessitating thoracotomy due to the dislodgement of
the foreign body. In contrast, rigid bronchoscopy demon-
strated a 98% success rate for FB removal.?* The benefits of
rigid bronchoscopy include the ability to secure the airway,
utilize a variety of instruments, and serve as both a retrieval
channel and an endotracheal rigid tube. Positive-pressure
ventilation combined with appropriate anesthesia facilitates
a stable airway and simplifies FB retrieval. However, this
method may cause the FB to move distally, complicating its
removal, and may result in ball-valve airway obstruction.
Ensuring general anesthesia that is both comfortable and
safe is crucial for these procedures.!®

Flexible bronchoscopy is considered the gold standard
for directly visualizing the airways, facilitating numerous
diagnostic and therapeutic interventions.” Recent research
indicates that flexible bronchoscopy is increasingly being uti-
lized for the removal of FBs from the airway.'*?? Suggest
that flexible bronchoscopy is particularly effective for remov-
ing residual FBs following rigid bronchoscopy, especially
in complex cases. This technique offers advantages such as
flexibility, the ability to perform endotracheal lavage, and en-
hanced video imaging capabilities. Flexible bronchoscopy is
thus a valuable procedure that complements rigid bronchos-
copy, forming an optimal treatment strategy for FB removal
in the airways.?

Rigid bronchoscopy may be indicated in several instanc-
es: retrieval of FBs, control of airway bleeding, dilation of
airway strictures, and acquisition of deeper tissue biopsy
specimens when the fiberoptic technique is insufficient.
Additionally, rigid bronchoscopy is employed for relieving
airway obstruction, inserting stents, and performing laser
therapy or other mechanical tumor ablation.?>? In the stud-
ies analyzed, the most common symptoms prompting bron-
choscopy in the pediatric population were cough, expectora-
tion, breathlessness, and wheezing.>%!%1

Wiemers et al. conducted a comparative study on the fre-
quency of complications associated with rigid and flexible
bronchoscopy performed due to FBA. The study found that
complications occurred in 19% of rigid bronchoscopies and
24.2% of flexible bronchoscopies. Respiratory complications
were significantly less frequent during rigid bronchoscopy
compared to flexible bronchoscopy. The incidence of car-
diovascular complications, bleeding, and trauma to the mu-
cosal wall did not differ significantly between the two types
of procedures. Bleeding was observed in 9% of all performed
procedures.”’

In a large prospective study of 1,328 flexible bronchos-
copies in children, complications were recorded in 6.9%
of procedures, with minor complications (e.g., excessive
coughing, transient desaturation) occurring in 5.2% and ma-
jor complications (e.g., severe desaturation, pneumothorax)
in 1.7% of cases.”® Another comprehensive review reported
complication rates for pediatric bronchoscopy ranging from
3.5% to 12.0%, depending on the reporting and procedures
performed.” Post-bronchoscopy fever was also noted as a
common complication, occurring in approximately 18.8%
of cases following bronchoalveolar lavage (BAL).%

Among our patients, complications were observed in 7.0%
of cases, with bleeding occurring in 4.2% and mucosal wall
trauma in 2.8%. However, the analyzed group was composed
of 71 patients, and only minor complications were recorded.
This lower rate of major complications may be attributed to
the smaller sample size and the specific population studied.

In Poland, bronchoscopy is most often performed on
children aged 0-3 years due to FBA.>!* This is consistent
with the results of research conducted worldwide.!'? This
is the best diagnostic and therapeutic method for all suspi-
cions of FBA.!® The absence of molar teeth, a high larynx
position, a defective epiglottis, an underdeveloped chewing
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and swallowing reflex, and uncoordinated swallowing and
breathing are anatomical and physiological factors that in-
crease the risk of aspirating a foreign body. Additional risk
factors for young children include excessive movement and
exploration of the digestive system, inadequate parental su-
pervision, availability of improper toys with small parts, and
incorrect food consumption.>® FBA in children is a severe
condition that can have lethal consequences. Patients may
suffer from anoxic brain damage (2.2%) and fatality (1.8%).
Pediatric FBA is characterized by a child's suffocation, as-
phyxia, or inhalation of a solid substance into the airway
tract at the level of the glottis, larynx, trachea, or bronchi.
FBA symptoms include coughing, wheezing, and reduced
breath sounds (the classic triad), and a delay in diagnosis
can result in respiratory complications.?

6. CONCLUSIONS

1. Bronchoscopy is a safety procedure, complications occur
in 7% of interventions.

2. Inflammation of the lower respiratory tract is one of the
most common indications to perform bronchoscopy.

3. There are no specific symptoms indicating FBA, there-
fore it should always be considered in cases of respiratory
failure in the pediatric population. A patient's favorable
general condition does not preclude the potential pres-
ence of a FB within the respiratory tract.

4. Clinical management strategies ought to be guided by
meticulous acquisition of patient history, comprehen-
sive physical examination, and, when warranted, diag-
nostic imaging modalities to address uncertainties.

5. Rigid bronchoscopy with general anesthesia remains the
preferred technique in the pediatric population.
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