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Flexible bronchoscopy in pediatric atelectasis:
bronchoscopic findings, management changes, and factors
associated with radiographic resolution

Omer Faruk Ipek1 , Ebru Yalgin'®, Ozge Ozen?®, Birce Sunman!®,

Nagehan Emiralioglu Ordukaya'®, Deniz Dogru'®, Ugur Ozgelik'?, Nural Kiper!

!Division of Pulmonology, Department of Pediatrics, Faculty of Medicine, Hacettepe University, Ankara, Tiirkiye; *Department of
Anesthesiology and Reanimation, Faculty of Medicine, Hacettepe University, Ankara, Tiirkiye.

ABSTRACT

Background. Flexible bronchoscopy (FB) is widely used in children with atelectasis; however, the optimal
timing of FB and the influence of underlying disease on radiographic resolution remain uncertain. We aimed
to describe bronchoscopic and microbiological findings, subsequent management changes, radiographic
outcomes, and factors associated with atelectasis resolution in children who underwent FB.

Methods. This retrospective cohort included 108 children (0-18 years) who underwent FB for atelectasis
between 2017 and 2022 with chest radiograph-based follow-up. Outcomes were immediate radiographic
response and final radiographic status. An exploratory Cox model assessed time to complete resolution and
included detection-to-FB interval, macroscopic pathological findings, congenital heart disease, primary ciliary
dyskinesia, immunodeficiency, asthma and cystic fibrosis.

Results. Median age at FB was 4.9 years (IQR: 2.5-8.8; range: 14 days to 18 years). 67/108 patients (62.0%)
had underlying disorders. Macroscopic pathological findings were observed in 95.4%. Bronchoalveolar lavage
cultures were positive in 75/105 patients (71.4%) and additional treatment was administered in 67/108 patients
(62.0%). At final radiographic status, complete, partial, and no resolution were observed in 44/108 (40.7%),
30/108 (27.8%), and 34/108 patients (31.5%), respectively. In the exploratory Cox model, each 30-day increase in
detection-to-FB interval was associated with a lower hazard of complete resolution (HR: 0.88, 95% CI: 0.80-0.98;
p=0.018), but this association was attenuated after excluding intervals >365 days (p=0.169). Procedure-related
complications occurred in 4/108 patients (3.7%).

Conclusions. In selected children undergoing FB for atelectasis, bronchoscopy frequently revealed clinically
relevant bronchoscopic and microbiological findings, informed subsequent management, and was followed by
partial or complete radiographic resolution in more than two-thirds of patients. Although the timing-related
findings should be interpreted cautiously, particularly because the association was attenuated in sensitivity
analysis, this study supports the role of FB as a complementary diagnostic and management-guiding tool in
pediatric atelectasis.
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Atelectasis is a common
complication in children, characterized by lung
volume loss due to airway obstruction. While

respiratory

the etiology often involves endogenous mucus
plugging or exogenous foreign bodies secondary
to inflammatory processes’”, the condition
is generally reversible with appropriate
management.” Flexible bronchoscopy (FB) has
become a crucial modality for both investigating
the underlying etiology

therapeutic interventions.®

and providing

Despite the widespread use of FB, the
optimal timing for the intervention remains
controversial. Existing literature and expert
opinions frequently suggest considering FB if
atelectasis persists for more than two to three
weeks despite conservative therapy.® However,
this empirical “wait-and-see” approach lacks
robust evidence and may not be universally
applicable, especially in urgent cases such
as suspected foreign body aspiration.
Furthermore, pediatric atelectasis encompasses
a highly heterogeneous patient population.
It remains unclear how distinct underlying
pathophysiological mechanisms, such as those
seen in cystic fibrosis (CF), primary ciliary
dyskinesia (PCD), neuromuscular disorders,
or congenital heart disease (CHD), affect the
clinical response to FB. To date, most pediatric
studies have relied on univariate analyses®”?,
leaving a critical knowledge gap regarding how
the timing of FB and underlying comorbidities
are associated with atelectasis resolution.

Therefore, the primary objective of this
study was to describe the bronchoscopic and
microbiological

findings and subsequent

management changes in children who
underwent FB for atelectasis. The secondary
objectives to evaluate radiographic
outcomes after FB and to explore clinical,
radiological, and bronchoscopic
associated with atelectasis resolution during

follow-up.

were

factors
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Material and methods

Study design and ethics

This  retrospective  observational  cohort
study was conducted at a tertiary pediatric
pulmonology department. The study protocol
was approved by the institutional non-
interventional clinical research ethics committee
(Project No: GO 21/1231, Decision No: 2021/19-
20). Given the retrospective design of the study
and the use of anonymized data extracted from
medical records, the requirement for informed
consent was waived in accordance with

institutional ethical guidelines.

Study population and definitions

The study included pediatric patients (aged
0-18 years) diagnosed with atelectasis who
underwent FB for diagnostic and therapeutic
2017, and
December 31, 2022. Atelectasis was confirmed

purposes between January 1,

on posteroanterior and lateral chest radiographs
(CXR). To
consolidation, all baseline and follow-up CXRs

differentiate  atelectasis from
were re-reviewed by a single investigator (a
pediatric pulmonologist), with specific attention
to definitive signs of volume loss (e.g., fissure
displacement, mediastinal shift, diaphragmatic
elevation). Patients were required to have
complete follow-up data, including post-

bronchoscopy imaging and clinical outcomes.

In pediatric respiratory practice, routine
follow-up of atelectasis relies predominantly
on CXR to adhere to the ALARA (As Low As
Reasonably Achievable) principle for radiation
safety. Consequently, to ensure a standardized
and comparable evaluation of radiological
resolution, patients whose diagnosis and follow-
up were based solely on computed tomography
(CT) findings without corresponding CXR

evidence were excluded from the analysis.
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Data collection and bronchoscopy procedures

Patient data were obtained retrospectively
from the hospital’s electronic database and the
national health system. The national health
system is a comprehensive, mandated electronic
registry that integrates all medical records and
DICOM-format radiological images from every
healthcare facility nationwide (including rural,
private, and state hospitals). This centralized
database allowed for the complete chronological
tracking and independent re-evaluation of all
X-rays, regardless of the patient’s location or
admitting center.

At our institution, FB is generally indicated for
pediatric atelectasis when the condition persists
despite appropriate conservative management
(e.g., chest physiotherapy, antibiotics) or when
an underlying airway anomaly or foreign body
aspiration is highly suspected. Conservative
management before FB was individualized
according to the patient’s clinical condition
and suspected etiology and generally included
chest physiotherapy/airway clearance therapy
and antibiotics when bacterial infection was
suspected. Because of the retrospective design
and heterogeneous clinical background of
the cohort, the exact frequency, intensity,
and duration of these treatments were not
standardized across all patients.

During the procedure, airway inspection and
suctioning were performed in all patients, and
bronchoalveolar lavage (BAL) was performed
when clinically and technically feasible. BAL
culture results were available for 105 of 108
patients. In the remaining three patients,
BAL culture data were not available in the
retrospective records; therefore, these patients
were excluded from BAL culture percentage
calculations. Data extracted included the
timing, location, extent, and suspected cause
of atelectasis; underlying comorbidities; and
presenting clinical symptoms. Macroscopic
findings observed during FB (e.g., purulent
secretions, mucous  plugs, anatomical
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anomalies) and BAL culture results were also
recorded. In this study, bronchoscopic evidence
suggestive of lower airway infection was
defined as the macroscopic presence of purulent
secretions during FB. BAL culture results were
reported separately as microbiological yield,
acknowledging that culture positivity may
reflect infection or colonization, particularly in
chronic suppurative lung diseases.

Radiological resolution of atelectasis was
assessed on CXR using prespecified, objective
signs of volume loss (e.g., fissure displacement,
mediastinal shift, diaphragmatic elevation) to
minimize misclassification with consolidation,
consistent with our diagnostic approach.

Given the retrospective design, formal blinding
to all clinical data was not feasible; however, the
investigator reviewing the imaging was blinded
to the precise timing of the FB and the patients’
subsequent clinical outcomes during the
radiological evaluation. To further minimize
observer bias, radiologic categorization was
based strictly on the predefined, objective
radiographic criteria rather than subjective
global assessment.

Radiographic outcomes were evaluated at
two predefined time points. The immediate
radiographic response was defined as the status
on the CXR obtained within 24 hours after FB.
The final radiographic status was defined as the
status on the last available follow-up CXR within
the study period. At both time points, resolution
was categorized as complete, partial, or no
resolution. Complete resolution was defined as
full re-expansion of the affected lobe or segment
with disappearance of radiographic signs of
volume loss; partial resolution was defined
as definite radiographic improvement with
residual volume-loss signs; and no resolution
was defined as no meaningful radiographic
improvement compared with baseline. For
descriptive purposes, the time from FB to the
first CXR demonstrating complete or partial
resolution was also recorded when applicable.
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Time to complete resolution was defined
as the number of days from FB to the first
CXR demonstrating complete radiographic
resolution.

Statistical analysis

Analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM
Corp., Armonk, NY, USA). Normality of
continuous variables was assessed using visual
inspection (histograms and Q-Q plots) and the
Shapiro-Wilk test. Continuous variables were
summarized as mean (SD) when approximately
normally distributed and as median (IQR) when
skewed; categorical variables were presented
as n (%). Between-group comparisons were
performed using the independent-samples
t-test or Mann—-Whitney U test for two groups
and one-way ANOVA or Kruskal-Wallis test
for 23 groups, as appropriate. Associations
between categorical variables were evaluated
using the chi-square test (or Fisher’s exact test
when needed). For within-subject comparisons
of oxygen saturation before and after radiologic
resolution, the paired-samples t-test or
Wilcoxon signed-rank test was used depending
on distribution. A two-sided p value <0.05 was
considered statistically significant.

An exploratory Cox proportional hazards
regression model was constructed to evaluate
factors associated with time to complete
radiographic resolution while accounting for
variable follow-up durations and potential
clinical confounders. The time-to-event variable
was defined as the number of days from FB to the
first CXR demonstrating complete radiographic
resolution. Patients who did not achieve
complete resolution were censored at their last
available follow-up CXR. The multivariable
model included seven prespecified variables:
the interval from radiologic detection of
atelectasis to FB, the presence of macroscopic
pathological findings during FB, CHD primary
ciliary dyskinesia, immunodeficiency, asthma,
and cystic fibrosis. The interval from radiologic
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detection to FB was entered into the model as
a continuous variable and rescaled per 30-day
increase to improve clinical interpretability.
Results are presented as hazard ratios (HRs)
with 95% confidence intervals (Cls). The model
included seven variables and 44 complete-
resolution events, corresponding to an events-
per-variable ratio of approximately 6.3. Because
the interval from radiologic detection to FB
included very prolonged values, a sensitivity
analysis was performed by excluding patients
with an interval longer than 365 days. The same
Cox proportional hazards model was then
repeated in this restricted cohort. Because of
the retrospective design, limited event count,
and absence of bootstrapping or penalized
regression, the multivariable analysis was
interpreted as exploratory.

Results

Study population and baseline characteristics

Between January 1,2017, and December 31, 2022,
a total of 342 FB procedures were performed
at our pediatric pulmonology department.
Of these, 150 (43.8%) were indicated for the
diagnosis and/or management of atelectasis.
After excluding 7 repeat procedures and 35
patients diagnosed solely via CT scans (due
to the lack of appropriate CXR follow-up), 108
patients were included in the final analysis

(Fig. 1).

The median age at the time of FB was 4.9 years
(IQR: 2.5-8.8; range: 14 days to 18 years), with
a slight female predominance (54.6%). Clinical
symptoms were present in 95.4% of patients
at admission, with dry cough being the most
frequent (42.6%). Atelectasis was most frequently
located in the right middle lobe (40.7%) and left
lower lobe (40.7%). Radiologically, 51.9% of the
cohort had additional findings accompanying
atelectasis, most commonly inflammatory
changes (consolidation/infiltration/ground-
glass opacities) (33.3%). At the time of detection,
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3B proostiures 150 FB procedures for the

Flexible Bronchoscopy in Pediatric Atelectasis

35FB

(atelectasis identified only by
CT, not demonstrated on chest
X-rays or follow-up CT scans)

\ o 108 patients were included

—> diagnosis and/or treatment

(01.01.2017-31.12.2022) 4
of atelectasis

Fig. 1. Flow chart of the study.
FB Flexible bronchoscopy, CT computed tomography.

the study population demonstrated marked
clinical heterogeneity; 62% of patients had
at least one underlying comorbidity. The
most common underlying conditions were
asthma (14.8%) and CHD (14.8%), followed
by immunodeficiencies (8.3%), neuromuscular
diseases (7.4%), and primary ciliary dyskinesia
(PCD) (7.4%) (Table I). Based on the medical
records at the time of initial presentation,
patients with CHD exhibited a significantly
higher rate of respiratory failure (62.5%,
p<0.001), while those with neuromuscular
diseases frequently presented with hypoxia
(62.5%, p=0.004). These clinical manifestations
were present concurrently with the initial
radiological detection of atelectasis upon
hospital admission.

Furthermore, the anatomical distribution of
atelectasis demonstrated significant disease-
specific radiological patterns. In patients
diagnosed with asthma, the rate of right middle
lobe atelectasis was statistically significantly
higher (75.0%, p=0.006). Among patients
diagnosed with CHD, the rate of total left lung
atelectasis was statistically significantly higher
(25.0%, p=0.026).

Bronchoscopic findings and therapeutic
interventions

The median interval from radiological detection
of atelectasis to FB was 55 days (IQR: 24.3—
152.5; range: 1-2000 days). In our practice, FB

The Turkish Journal of Pediatrics = September-October 2026

/ in the study

7 FB were repeat
bronchoscopies

is typically performed when atelectasis persists
despite conservative management or when
airway obstruction is suspected. FB revealed
macroscopic pathological findings in 95.4% of
patients. Purulent secretions, as a bronchoscopic
finding suggestive of lower airway infection,
were  the
abnormality, observed in 72.2% of the cohort
(Table II). Additional structural anomalies, such
as bronchomalacia and tracheomalacia, were
significantly more prevalent in patients with
underlying CHD compared to those without
(p=0.002).

most common  macroscopic

BAL culture results were available in 105
patients, of whom 75/105 (71.4%) had positive
cultures. Haemophilus influenzae was the most
frequently isolated pathogen, detected in 23/105
patients (21.9%). Following FB, additional
treatment was administered in 67/108 patients
(62.0%), including intravenous antibiotics in
35/108 patients (32.4%) and oral antibiotics in
25/108 patients (23.1%) (Table II).

Resolution of atelectasis after flexible
bronchoscopy and associated conditions

On the same day as the FB, complete resolution
of atelectasis was observed in 12.0% of patients
(n=13), partial resolution in 26.9% (n=29), and
no resolution in 61.1% (n=66). The underlying
diseases and FB findings of patients with partial
or complete resolution are detailed in Table III.
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Table I. Demographic and clinical characteristics of patients.

Variables n (%)
Sex Female 59 (54.6)
Male 49 (45.4)
Radiological location of atelectasis Right upper lobe of the lung 20 (18.5)
Right middle lobe of the lung 44 (40.7)
Right lower lobe of the lung 26 (24.1)
Left upper lobe of the lung 21 (19.4)
Left lower lobe of the lung 44 (40.7)
Right lung total 2 (1.9)
Left lung total 9 (8.3)
Pathological findings Accompanying Number of patients with pathological findings 56 (51.9)
atelectasis Radiologically Radiographic inflammatory changes (consolidation/ 36 (33.3)
infiltration/ground-glass opacities)
Bronchiectasis 25 (23.1)
Chest deformity 7 (6.5)
Scoliosis 7 (6.5)
Dextrocardia 3(2.8)
Symptoms at presentation with Number of patients with symptoms 103 (95.4)
atelectasis Dry cough 46 (42.6)
High fever 35 (32.4)
Wet cough 23 (21.3)
Hypoxia 19 (17.6)
Respiratory failure 14 (13.0)
Wheezing 14 (13.0)
Respiratory distress 8(7.4)
Other (fatigue, shortness of breath, runny nose, nasal 19 (17.6)
congestion, difficulty swallowing)
Underlying disease at the time of Patients with underlying diseases 67 (62.0)
atelectasis detection Asthma 16 (14.8)
Congenital heart disease 16 (14.8)
Immunodeficiency 9 (8.3)
Neuromuscular disease 8(7.4)
PCD 8 (7.4)
CF 6(5.6)
BPD 3(2.8)
Wheezy infant 3(2.8)

PCD: Primary ciliary dyskinesia, CF: Cystic fibrosis, BPD: Bronchopulmonary dysplasia
Some patients had more than one underlying disorder; therefore, subgroup counts are not mutually exclusive and may
exceed the total number of patients with underlying disease.
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Table II. Bronchoscopic findings and post-bronchoscopy treatments in children undergoing flexible

bronchoscopy for atelectasis.

Variables n (%)
Macroscopic findings during FB Purulent secretions (bronchoscopic) 78 (72.2)
Bronchomalacia 25(23.1)
Airway anomaly 25 (23.1)
Tracheomalacia 18 (16.7)
Mucus plug 17 (15.7)
Normal macroscopy 5 (4.6)
Foreign body 4 (3.7)
BAL culture Growth in BAL culture 75 (71.4)
Haemophilus influenzae 23 (21.9)
Moraxella catarrhalis 11 (10.5)
Streptococcus pneumoniae 10 (9.5)
Pseudomonas aeruginosa 9 (8.6)
MSSA 5 (4.8)
Aspergillus 4 (3.8)
Candida 4 (3.8)
Klebsiella pneumoniae 3(2.9)
Stenotrophomonas maltophilia 3(2.9)
MRSA 2 (1.9)
Serratia marcescens 1(1.0)
Additional treatments administered after FB Number of patients receiving additional treatment 67 (62.0)
IV antibiotics 35 (32.4)
Oral antibiotics 25 (23.1)
Antireflux therapy 14 (13.0)
Inhaled ipratropium bromide 3(2.8)

FB: Flexible Bronchoscopy, BAL: Bronchoalveolar Lavage, MRSA: methicillin-resistant Staphylococcus aureus, MSSA:

Methicillin-Sensitive Staphylococcus aureus, IV: Intravenous.

Percentages for BAL culture results were calculated among patients with available BAL culture data (n=105). Percentages
for bronchoscopic findings and post-bronchoscopy treatments were calculated using the total cohort as the denominator

(n=108).

Out of the 95 patients who did not achieve
complete resolution on the same day as FB, 10
did not attend their initial outpatient follow-
up appointments. Among the 85 patients who
did not achieve complete resolution on the
immediate post-FB CXR and had subsequent
follow-up imaging, complete resolution was
documented in 31/85 patients (36.5%), partial
resolution in 21/85 patients (24.7%), and no
resolution in 33/85 patients (38.8%).

The median time from FB to complete resolution
was 90 days (IQR: 29-450; range: 2-2430 days),
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while the median time from FB to partial
resolution was 165 days (IQR: 68.3-675; range:
10-1440 days). At final radiographic status,
complete resolution was observed in 44/108
patients (40.7%), partial resolution in 30/108
patients (27.8%), and no resolution in 34/108
patients (31.5%). (Table III and Fig. 2). The final
status of atelectasis in patients who missed their
initial follow-up appointments was successfully
determined based on other available medical
records in the national database.
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Table III. Immediate radiographic response of atelectasis after flexible bronchoscopy according to underlying
disorders and bronchoscopic findings.

Complete resolution Partial resolution No resolution

Variables (n=13) (n=29) (n=66) P value
Underlying disorders

Asthma (n=16) 3(23.1) 6(20.7) 7 (10.6) 0.298
Congenital heart disease (n=16) 3(23.1) 2 (6.9) 11 (16.7) 0.313
Immunodeficiency (n=9) 1(7.7) 0 (0.0 8 (12.1) 0.143
Neuromuscular disease (n=8) 0(0.0) 1(3.4) 7 (10.6) 0.261
Primary ciliary dyskinesia (n=8) 0 (0.0) 1(3.4) 7 (10.6) 0.261
Cystic fibrosis (n=6) 0 (0.0) 2 (6.9) 4(6.1) 0.639
Bronchopulmonary dysplasia (n=3) 0 (0.0) 1(3.4) 2 (3.0) 0.804
Wheezy infant (n=3) 0 (0.0) 0(0.0) 3 (4.5) 0.375
Bronchoscopic findings

Purulent secretions (bronchoscopic) (n=78) 5 (38.5) 23 (79.3) 50 (75.8) 0.014
Bronchomalacia (n=25) 6 (46.2) 4 (13.8) 15 (22.7) 0.071
Airway anomaly (n=25) 2 (15.4) 7(24.1) 16 (24.2) 0.778
Tracheomalacia (n=18) 2(15.4) 5(17.2) 11 (16.7) 0.989
Mucus plug (n=17) 2 (15.4) 3(10.3) 12 (18.2) 0.627
Foreign body (n=4) 1(7.7) 2(6.9) 1(1.5) 0.317
Normal macroscopy (n=5) 1(7.7) 1(3.4) 3 (4.5) 0.832

Values are presented as n (%). Percentages are calculated within each immediate radiographic response group. P values
were calculated using the Pearson chi-square test. Some patients had more than one underlying disorder and/or more than
one bronchoscopic finding; therefore, row totals may exceed the number of patients in a given subgroup.

On the same day as the FB Follow-up

Complete
e 10 patients lost
resolution in 13
to follow-up

patients (12.0%) (10.5%)

Partial Complete Median time 90
resolution in 31 [ days (IQR 29-450;

resolution in 29 patients (32.6%) range 2-2430)

108 patients

patients (26.9%) W 53 95 patients

Partial resolution Mediantime 165
in 21 patients days (IQR 68.3-675;
No resolution in (22.1%) range 10-1440)

66 patients (61.1%)

No resolution in

33 patients
(34.7%)

Fig. 2. Radiographic outcomes of atelectasis after flexible bronchoscopy.
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Table IV. Interval from radiologic detection of atelectasis to flexible bronchoscopy according to radiographic

outcome.
Outcome time No No resolution, Partial or complete Partial or complete resolution,
. . . . . P value
point resolution, n median (IQR), days  resolution, n median (IQR), days
Immediate 66 59.5 (27.2-232.5) 42 48.0 (20.0-123.0) 0.266
radiographic
response
Final radiographic 34 124.0 (49.0-330.0) 74 34.0 (17.0-121.0) 0.001

status

Values are presented as median (IQR). Immediate radiographic response was defined as the status on the chest radiograph
obtained within 24 hours after FB. Final radiographic status was defined as the status on the last available follow-up chest
radiograph within the study period. P values were calculated using the Mann-Whitney U test. FB, flexible bronchoscopy;

IQR, interquartile range.

Twelve patients had an interval from radiologic
detection to FB longer than 365 days. All had at
least one underlying disorder, most commonly
PCD (5/12). Macroscopic  bronchoscopic
abnormalities were present in 11/12 patients,
most frequently purulent secretions (10/12).
Regarding final radiographic outcomes, partial
resolution was observed in 4/12 patients,
whereas no radiographic resolution was
observed in 8/12 patients. No patient in this
subgroup achieved complete radiographic
resolution. Initial univariate analyses revealed
statistically significant differences in the time
interval between the detection of atelectasis
and the performance of FB. The interval from
radiologic detection of atelectasis to FB was
significantly shorter among patients who
achieved partial or complete resolution at final
radiographic status than among those with no
resolution [median (IQR): 34 (17-121) vs 124 (49—
330) days; p=0.001] (Table IV). Regarding other
clinical factors, patients without additional
pathological findings on CXR or CT had a
significantly higher rate of complete resolution
than those with additional pathological findings
[28/51 (54.9%) vs 16/54 (29.6%); p=0.006].
Similarly, the complete resolution rate was
higher among patients without scoliosis than
among those with scoliosis [43/98 (43.9%) vs 1/7
(14.3%); p=0.034].

The Turkish Journal of Pediatrics = September-October 2026

An exploratory Cox proportional hazards
regression model was used to evaluate
factors associated with time to complete
radiographic resolution. The model included
seven prespecified variables: the interval from
radiologic detection of atelectasis to FB, the
presence of macroscopic pathological findings
during FB, CHD, PCD, immunodeficiency,
asthma, and CF. The interval from radiologic
detection to FB was entered into the model as
a continuous variable and rescaled per 30-day
increase to improve clinical interpretability. In
the primary model, each 30-day increase in the
interval from radiologic detection to FB was
associated with a lower hazard of complete
radiographic resolution (HR: 0.88, 95% CL
0.80-0.98; p=0.018). CHD was also associated
with a higher hazard of complete radiographic
resolution (HR: 2.10, 95% CI: 1.05—4.20; p=0.036).
Other variables in the model did not reach
statistical significance.

In the sensitivity analysis excluding patients
with an interval from radiologic detection to FB
longer than 365 days, the association between
the detection-to-FB interval and complete
radiographic resolution was attenuated and was
no longer statistically significant (HR per 30-day
increase: 0.92, 95% CI: 0.81-1.04; p=0.169). In
this restricted model, CHD remained associated
with complete radiographic resolution (HR:
2.11, 95% CI: 1.05—4.23; p=0.035).
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Finally, among patients who achieved partial
or complete radiological resolution at their
final follow-up, a statistically significant
clinical improvement in oxygen saturation was
observed. The mean oxygen saturation increased
from 93.1% at the time of initial detection to
96.9% following resolution (p<0.001).

Recurrence and procedure safety

Atelectasis recurrence during the follow-up
period was observed in 10 patients (9.3%), with
a median time to recurrence of 49 days. The
FB procedure demonstrated a favorable safety
profile, with complications occurring in only 4
patients (3.7%). These included transient severe
hypoxia in three patients with underlying
CHD and mild bleeding in one patient, which
necessitated the early termination of the
procedure.

Discussion

This study describes the bronchoscopic
findings, microbiological results, management
changes, and radiographic outcomes of children
who underwent FB for atelectasis in a tertiary
pediatric pulmonology setting. The main
finding was that FB provided clinically relevant
information in most patients and was followed
by management changes in a substantial
proportion of the cohort. Partial or complete
radiographic resolution was observed in more
than two-thirds of patients at final radiographic
status, although same-day resolution was
less frequent. These findings suggest that, in
selected children with persistent or clinically
concerning atelectasis, FB may contribute to
care not only through direct airway inspection
and suctioning, but also by clarifying the
underlying mechanism and guiding subsequent
individualized treatment.

The timing-related findings should be
interpreted cautiously. In the univariate analysis
and in the primary exploratory Cox model, a
longer interval from radiologic detection of
atelectasis to FB was associated with a lower
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likelihood of complete radiographic resolution.
However, this association was attenuated
and was no longer statistically significant
after excluding patients with intervals longer
than 365 days. This suggests that the timing
variable may partly reflect differences between
acute atelectasis and chronic or recurrent
atelectasis in medically complex patients
rather than a direct causal effect of earlier FB
alone. The subgroup with intervals longer
than 365 days supports this interpretation: all
had underlying disorders, most commonly
primary ciliary dyskinesia, and none achieved
complete radiographic resolution. Therefore,
the Cox model findings should be considered
exploratory and hypothesis-generating
rather than definitive evidence that earlier FB
independently determines resolution.

Our cohort’s clinical heterogeneity further
underscores the necessity of understanding
disease-specific mechanisms. We observed
distinct anatomical patterns of atelectasis that
were consistent with underlying morbidities.
For instance, the higher frequency of total left
lung atelectasis in patients with CHD may
reflect mechanical compression. The close
anatomical proximity of an enlarged left atrium
or pulmonary artery in various CHD anomalies
can externally compress the soft, cartilaginous
left main bronchus of infants, leading to collapse
and subsequent atelectasis.*'> Correspondingly,
we found significantly higher rates of
structural airway anomalies (bronchomalacia,
tracheomalacia) in this group. Furthermore,
the predominant involvement of the right
middle lobe in patients with asthma reflects
the unique anatomical vulnerability of this
lobe; its relatively narrow and long bronchus,
combined with a sharp branching angle,
makes it particularly susceptible to obstruction
by the thick mucus plugs characteristic of
asthmatic airway inflammation.”® Recognizing
these distinct pathophysiological mechanisms
emphasizes that pediatric atelectasis is not
a single clinical entity; therefore, diverse
etiologies should not be managed under a
uniform therapeutic approach.
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The bronchoscopic, microbiological, and
radiographic findings also emphasize the
practical value of FB in this population.
Macroscopic pathological findings were present
in most patients, and purulent secretions were
the most frequent abnormality. BAL cultures
were positive in a high proportion of patients
with available culture data, with Haemophilus
influenzae being the most commonly isolated
pathogen. These findings are consistent
with  previous pediatric =~ bronchoscopy
series showing that FB can reveal infectious,
obstructive, and structural contributors to
persistent atelectasis."*'” Same-day partial or
complete radiographic resolution was observed
in 42/108 patients (38.9%), which is lower than
some previous reports describing immediate
response rates as high as 87%.'*'® This difference
may reflect the high clinical complexity and
chronicity of our cohort. Nevertheless, partial
or complete resolution increased to 74/108
patients (68.5%) at final radiographic status, and
radiographic improvement was accompanied
by a significant increase in oxygen saturation.
Because conservative and post-procedural
treatments  were  individualized, these
improvements should not be attributed solely
to the mechanical effect of FB. Rather, FB may be
best viewed as a diagnostic and management-
guiding procedure that can contribute to
resolution through both direct airway clearance
and subsequent targeted therapy. The overall
complication rate waslow; however, all episodes
of transient severe hypoxia occurred in patients
with CHD. Thus, children with CHD and other
medically complex conditions warrant careful
pre-procedural assessment, close monitoring,
and subgroup-specific vigilance.**

This study has several limitations. Its
retrospective,  single-center  design may
introduce referral bias, and the cohort included
only children who underwent FB; therefore,
the findings cannot be generalized to all
children with atelectasis or used to determine
when FB should be performed compared with
conservative management alone. Follow-up

CXR were obtained at variable time points
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according to clinical judgment rather than a
standardized imaging protocol, which may
have introduced systematic bias into the time-
to-resolution analysis. Radiographic assessment
relied primarily on CXR and was performed by
a single reviewer, although predefined objective
criteria were used and the reviewer was blinded
to procedural timing and subsequent outcomes.
Conservative and post-procedural treatments
were individualized, making it difficult to
separate the direct mechanical effect of FB from
the effect of bronchoscopy-guided medical
therapy. Finally, the Cox model included
a limited number of complete-resolution
events, with an events-per-variable ratio of
approximately 6.3; therefore, the multivariable
findings should be interpreted as exploratory.

In conclusion, FB in selected children with
atelectasis provides high bronchoscopic and
microbiological yield, may guide clinically
relevant management changes, and should be
considered as a complementary diagnostic and
management-guiding tool. Decisions regarding
timing and expected benefit should remain
individualized according to the patient’s
underlying disease, clinical severity, and
suspected mechanism of atelectasis.
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