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Abstract

Aim  Airway pathogens have become an increasingly important concern in patients with lung diseases owing to the widespread use of immunosuppressive therapies. However, limited data
are available regarding airway pathogens and antibiotic resistance in bronchial lavage (BL) cultures obtained during endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA).

Materials and  This single-center, retrospective, cross-sectional study included 347 consecutive patients who underwent microbiological analysis of BL specimens obtained during EBUS-TBNA for
Methods  the evaluation of suspected malignant or non-malignant lung disease. Clinical and microbiological characteristics were analyzed.

Results  The culture positivity rate of BL specimens obtained during EBUS-TBNA was significantly higher in patients with malignant lung disease than in those with non-malignant lung
disease (19.2% vs. 5.4%, p=0.001). In patients with non-malignant disease, culture positivity was 0%, 12.5%, and 15.9% in those with lymphadenopathy (LAP), a pulmonary mass/
nodule, and both a mass/nodule and LAP on chest computed tomography (CT), respectively (p=0.01, p=0.192, and p=0.01). In patients with malignant disease, the corresponding
culture positivity rates were 12.5%, 46.2%, and 18.6%, respectively (p=0.22, p=0.01, and p=0.738). The proportion of isolates resistant to more than one antibiotic was significantly
higher in patients with malignant disease than in those with non-malignant disease (80% vs. 20%, p=0.01), whereas resistance to at least two antibiotics was observed only in patients
with malignant disease (56% vs. 0%).

Conclusions  These findings may help clinicians identify patients in whom microbiological examination of BL samples obtained during EBUS-TBNA should be considered.

Keywords  Airway pathogens, bronchial lavage, endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), lung diseases, microbiological examination
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Amag

iipresif tedavilerin lag la birlikte, hava yolu patojenleri akciger hastaliklarinda giderek daha 6nemli bir klinik sorun haline gelmistir. Bununla birlikte, endobrongiyal ultrasonografi
esliginde transbrongiyal igne aspirasyonu (EBUS-TBNA) sirasinda alinan brongiyal lavaj (BL) drneklerinden elde edilen kiiltiirlerde hava yolu patojenleri ve antibiyotik direnci hakkinda sinirl sayida
calisma bulunmaktadir. Bu ¢alismada, malign ve malign olmayan akciger hastaliklarinda EBUS-TBNA strasinda alinan BL kiiltiirlerinin mikrobiyolojik ozelliklerinin degerlendirilmesi amaglands.

Geregve  Bu tek merkezli, retrospektif, kesitsel ¢alismaya, malign veya malign olmayan akciger hastaligt n tamisiyla EBUS-TBNA sirasinda alinan BL drneklerinin mikrobiyolojik incelemesi yapilan ardisik 347
Yontem  hasta dahil edildi. Hastalarin klinik ve mikrobiyolojik ozellikleri degerlendirildi.

Bulgular  EBUS-TBNA sirasinda alman BL rneklerinde kiiltiir pozitifligi, malign akcxgar hastaligr bulunan hastalarda malign olmayan akciger hastaligi bulunan hastalara gore anlamls derecede daha yiiksekti

(%19,2'ye karst %5,4, p=0.001). Malign olmayan hastalarda toraks bilgi (] ifisinde (BT) yalnizca lenfadenopati (LAP), kitle/nodiil ve kitle/nodiil ile birlikte LAP sap I da kiiltiir
pozitifligi sirastyla %0, %12,5 ve %15,9 olarak bulundu (srastyla p=0,01, p=0,192 vepfl),O]). Malign hastalarda ise aym gruplarda kiiltiir pozitifligi sirasyla %12,5, %46,2 ve %18,6 olarak saptand:
(sirastyla p=0,22, p=0,01 ve p=0,738). Birden fazla antibiyotige direncli mik: i 1p orant malign hastalarda malign olmayan hastalara gore anlamh olarak daha yiiksekti (%80% karst
%20; p=0,01). En az iki antibiyotige direng ise yalmzca malign hastalarda gozlendi (%56’ya karst %0).
Sonu¢  Bu bulgular, klinisyenlerin EBUS-TBNA strasinda elde edilen BL Grneklerinin mikrobiyolojik incelemesinin diigiiniilmesi gereken hastalart belirlemelerine yardimc: olabilir.
Anahtar Lo X L Lo ) R . L PP
Kelimeler Hava yolu p i, brongiyal lavaj, § afi esliginde siyal igne aspirasyonu (EBUS-TBNA), akciger hastaliklari, mikrobiyolojik inceleme.
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INTRODUCTION
Airway pathogens have emerged as an important clinical
concern in patients with lung diseases, particularly with
the increasing use of immunosuppressive therapies. Air-
way colonization by potentially pathogenic microorgan-
isms has been reported in approximately 1-15% of indi-
viduals in developed countries and up to 50% of those in
developing countries."” These microorganisms may persist
in the airways for prolonged periods and contribute to
neutrophil-mediated inflammation, serve as reservoirs for

pathogen transmission, and increase the risk of mortali-

ty.3,5

Despite substantial advances in the diagnosis and treat-
ment of lung cancer, infectious complications remain a
major cause of morbidity and mortality in these patients.®
Impaired mucociliary clearance and a weakened cough re-
flex increase susceptibility to respiratory infections during
primary cancer treatment.”® Therefore, identifying airway
pathogens before lung cancer surgery or the initiation of
immunosuppressive therapy may facilitate appropriate
antimicrobial management and reduce the risk of infec-
tious complications.»'® In addition, airway pathogens have
been associated with adverse clinical outcomes, including
cardiovascular events and increased mortality, in patients

with non-malignant lung diseases.'>?

Bronchial lavage (BL) is a simple and widely used bron-
choscopic sampling technique for evaluating airway
microorganisms. It is performed by instilling sterile sa-
line into the bronchial tree through a bronchoscope and
subsequently aspirating the recovered fluid mixed with
bronchial secretions.’!* BL specimens can be obtained
during both flexible bronchoscopy and endobronchi-
al ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA). EBUS-TBNA is a minimally invasive pro-
cedure widely used for the diagnosis and staging of medi-
astinal and hilar lymphadenopathy as well as the diagnosis
of peripheral and central lung lesions."® Although BL can
be readily performed during EBUS-TBNA, current guide-

lines do not provide recommendations regarding the rou-
tine microbiological evaluation of BL specimens obtained
during this procedure. Consequently, further evidence is
needed to identify the patient populations that may benefit
from BL culture during EBUS-TBNA.

Recent advances in microbiome analysis have improved
our understanding of the airway microbiota. However,
these molecular techniques remain expensive and are not
routinely available in many healthcare centers.'>'® There-
fore, conventional microbiological culture continues to
represent a practical, accessible, and clinically relevant

method for detecting airway pathogens.

The present study aimed to investigate the clinical factors
associated with culture positivity and antibiotic resistance
in BL specimens obtained during EBUS-TBNA in patients

with malignant and non-malignant lung diseases.

MATERIALS and METHODS
Study Design and Setting
This single-center, retrospective, cross-sectional study was
conducted at the Department of Chest Diseases, Gazian-
tep University Faculty of Medicine. For this study, all con-
secutive patients who underwent both EBUS-TBNA and
bronchial lavage, depending on the bronchoscopist’s pref-

erence, were included.

Participants
A total of 347 consecutive patients who underwent BL

sampling during EBUS-TBNA were included in the study.

Inclusion criteria
Patients aged >18 years who underwent EBUS-TBNA with

BL sampling were eligible for inclusion.

Exclusion criteria
Patients were excluded if they had: (1) no definitive diag-
nosis following EBUS-TBNA; (2) clinical or radiological

evidence of active respiratory infection, defined as new or
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progressive pulmonary infiltration on chest radiography
or computed tomography accompanied by fever (=38°C)
or purulent sputum; or (3) inadequate BL specimens,
defined as samples containing more than 25 epithelial
cells per low-power field or fewer than 10 leukocytes per

low-power field on microscopic examination.

Sample Size
Sample size was calculated using G*Power version 3.1.
Assuming an alpha level of 0.05 and a statistical power of
80%, the minimum required sample size was calculated as

128 participants (64 patients in each group).

Data Collection
Demographic and clinical data, including age, sex, smok-
ing status, comorbidities, histopathological diagnosis,
presence of metastasis, thoracic computed tomography
(CT) findings (pulmonary mass or nodule, lymphadenop-
athy [LAP], or both), BL culture and antimicrobial sus-
ceptibility results, complications following EBUS-TBNA
(death, intensive care unit admission, or hospitalization),
and antibiotic use within one month after the procedure,
were retrieved from the hospital information management

system and recorded using a data collection form.

EBUS-TBNA Procedure and Microbiological Evaluation

EBUS-TBNA was performed using a convex-probe endo-
bronchial ultrasound bronchoscope (BF-UC160F-OLS;
Olympus Medical Systems, Tokyo, Japan). Bronchial la-
vage specimens were obtained by instilling sterile isoton-
ic saline into the bronchial segment corresponding to the
radiologically dominant lesion, followed by immediate

aspiration.

Each BL specimen underwent Gram staining, aerobic
bacterial culture, fungal culture, acid-fast bacilli (AFB)
staining, and mycobacterial culture according to routine

microbiological protocols.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA). Descriptive data are presented as mean * standard
deviation or frequency (percentage), as appropriate. The
normality of continuous variables was assessed using the
Shapiro-Wilk test. Comparisons between two indepen-
dent groups were performed using the Mann-Whitney U
test, whereas comparisons among more than two groups
were conducted using the Kruskal-Wallis test. Associa-
tions between categorical variables were evaluated using
the chi-square test or Fisher’s exact test, as appropriate. A
two-sided p value of <0.05 was considered statistically sig-

nificant.

RESULTS
The mean age of the study population was 58.73 + 12.95
years. Of the patients, 34.6% were female, 38.9% were cur-
rent smokers, 24.5% had diabetes mellitus, 25.1% had hy-
pertension, and 8.1% had chronic obstructive pulmonary
disease (COPD).

According to the EBUS-TBNA findings, 52.4% of the pa-
tients were diagnosed with malignant disease. The most
common histopathological subtypes were squamous cell
carcinoma (12.1%) and adenocarcinoma (10.4%). Gram
staining demonstrated Gram-positive cocci in 70.6% of
specimens, Gram-negative cocci in 5.1%, and Gram-nega-

tive bacilli in 24.3%.

Overall, culture positivity was detected in 12.7% of the
patients. The most frequently isolated microorganisms
were Acinetobacter spp. (27.3%) and Pseudomonas aeru-
ginosa (20.5%). The culture positivity rate was significant-
ly higher in patients with malignant disease than in those
with non-malignant disease (19.2% vs. 5.4%, p=0.001).
Although similar microorganisms were isolated in both
groups, the distribution of microorganisms did not dif-
fer significantly between patients with malignant and

non-malignant disease (p=0.67). The microbiological cul-
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ture results are summarized in Table 1.

Table 1. Comparison of microorganisms in bronchial lavage cul-
ture in patients with non malignant and malignant lung disease
Microorgan- Patients with | Patients with
isms growing All patients | non malignant | malignant lung
in culture lung pathology pathology
Count | % | Count % Count %

Staphylococeus | 5|y 4 1 1 1w | 4 | 104%
aureus
;;;”ewb““er 12 35| 2 |22%| 10 |286%
Pseudomonas 9 26| 3 |333%| 6 |17.1%
aeruginosa
Candidiasis 3 0.9 1 11.1% 2 5.7%
Escherichia coli 2 0.6 0 0.0% 2 5.7%
Aspergillus 103 o [o00% | 1 | 29%
subtypes
Serratia

2 0.6 1 11.1% 1 2.9%
subtypes
Klebsiella. 2 [o6| o |00% | 2 |57%
Prneumoniae
g;f;’;”” 3 109] o |00% | 3 | 86%
Stenotro-
phomonas 1 0.3 1 11.1% 0 0.0%
maltophilia
Enterobacter 2 06| o |o0% | 2 |s57%
aerogenes
Pantoea 1 (03| 0o [00% | 1 |29%
agglomerans
Enterococcus 1|03 o [o00% | 1 |29%
faecalis

There was no significant difference in the mean age of pa-
tients with positive culture results between the malignant
and non-malignant groups (63.51 + 10.01 vs. 64.67 + 15.02
years, respectively; p=0.83).

According to chest computed tomography (CT) findings,
culture positivity in patients with non-malignant disease
was observed in 0% of patients with lymphadenopathy
(LAP), 12.5% of those with a pulmonary mass or nodule,
and 15.9% of those presenting with both a pulmonary
mass or nodule and LAP (p=0.01, p=0.192, and p=0.01,

respectively). The corresponding rates in patients with ma-

lignant disease were 12.5%, 46.2%, and 18.6%, respectively
(p=0.22, p=0.01, and p=0.738, respectively). The associa-
tions between culture positivity and clinical characteristics

are presented in Table 2.

When analyzed according to histopathological subtype,
culture positivity was observed in 26.7% of patients with
adenocarcinoma, 26.7% of those with squamous cell car-
cinoma, 10.0% of those with small cell lung carcinoma,
6.7% of those with large cell carcinoma, 3.3% of those with
extrapulmonary metastatic carcinoma, and 30.0% of those
with other malignant histopathological diagnoses. No sig-
nificant association was observed between histopathologi-

cal subtype and culture positivity (p=0.28).

Among culture-positive patients, 68.2% harbored microor-
ganisms resistant to at least one antibiotic. The proportion
of isolates resistant to more than one antibiotic was signifi-
cantly higher in patients with malignant disease than in
those with non-malignant disease (80% vs. 20%, p=0.01).
Resistance to at least two antibiotics was observed only in

patients with malignant disease (56% vs. 0%, p=0.02).

No significant associations were identified between anti-
biotic resistance and other clinical characteristics in either

group (Table 3).

When stratified by histopathological subtype, antibiot-
ic-resistant microorganisms were isolated in 33.3% of
patients with adenocarcinoma, 23.8% of those with squa-
mous cell carcinoma, 23.8% of those with other malignant
histopathological diagnoses, 9.5% of those with small cell
lung carcinoma, and 4.8% of those with both large cell
carcinoma and extrapulmonary metastatic carcinoma.
The prevalence of antibiotic-resistant microorganisms did
not differ significantly among histopathological subtypes
(p=0.71). Among patients with malignant disease, cul-
ture positivity was observed in 56.7% of those with met-
astatic disease and in 44.0% of those without metastasis

(p=0.438). Antibiotic-resistant microorganisms were iso-
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Table 2. The relationship between bronchial lavage culture positivity and clinical variables patients with non malignant and malignant lung

diseases
Variables Patients with non r:)l;lylgnant lung pathol- Patients with malignant lung pathology
Plj)gi:il‘l,littl;r; Culture positivity in PI:I)::::}::;; Culture positivity in
bronchial lavage bronchial lavage p bronchial lavage bronchial lavage p
n % n % n % n %
c i No 150 94.9% 5,1% 0293 134 80.7% 32 19.3% 0.959
omplications . .
P Yes 6 85.7% 1 14.3% 13 81.3% 3 18.8%
s Female 74 96.1% 3 3.9% 0.410 39 90.7% 4 9.3% 0,059
ex . .
Male 82 93.2% 6 6.8% 108 77.7% 31 22.3%
No 105 94.6% 6 5.4% 87 86.1% 14 13.9%
Cigarette use 0.968 0.058
Yes 51 94.4% 3 5.6% 60 74.1% 21 25.9%
Diab il No 114 94.2% 7 5.8% 0756 111 79.3% 29 20.7% 0386
iabetes mellitus . E
Yes 42 95.5% 2 4.5% 35 85.4% 6 14.6%
- No 113 93.4% 8 6.6% 0278 112 81.2% 26 18.8% 0762
ertension . .
P Yes 43 97.7% 1 2.3% 34 79.1% 9 20.9%
No 152 94.4% 9 5.6% 127 80.9% 30 19.1%
COPD
Yes 4 100% 0 0.0% 0.627 79.2% 5 20.8% 0.623
H il No 156 94.5% 9 5.5% ' 145 80.6% 35 19.4% '
eart failure
Yes 0 0.0% 0 0.0% 1 100% 0 0.0%
History of tuber- | No 153 95.0% 8 50% | <0.01 146 80.7% 35 193% | NA
culosis Yes 0 0.0% 1 100.0% 0 0.0% 0 0.0%
Mass 14 87.5% 2 12.5% 7 53.8% 6 46.2%
Thorax CT LAP 105 100% 0 0.0% 35 87.5% 5 12.5%
findings Mass <0.01 0.026
and 37 84.1% 7 15.9% 105 81.4% 24 18.6%
LAP

COPD:Chronic obstructive pulmonary disease, CT:Computed tomography LAP:Lymphadenopathy
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Table 3. The relationship between clinical variables and antibiotic resistance patients with non malignant and malignant lung diseases

Patients with non malignant lung

Patients with malignant lung

Variables pathology pathology p
n % n %
Age (Mean+SD) 62.52 £ 11.16 60.20 £19.46 0.80
s Female 2 40.0% 4 16.0% 0201
ex .
Male 3 60.0% 21 84.0%
Smoki No 4 80.0% 12 48.0% 0.190
IMOKIN! .
§ Yes 1 20.0% 13 52.0%
No 4 80.0% 20 80.0%
Diabetes mellitus NA
Yes 1 20.0% 5 20.0%
No 4 80.0% 18 72.0%
Hypertension 0.712
Yes 1 20.0% 7 28.0%
COPD No 5 100% 20 80.0% 0273
Yes 0 0.0% 5 20.0% )
No 5 100% 25 100%
Heart failure NA
Yes 0 0.0% 0 0.0%
History of tuber- No 4 80.0% 25 100% 0.023
culosis Yes 1 20.0% 0 0.0% '
No mass 4 80.0% 21 84.0% 0.827
Mass 1 20.0% 4 16.0% )
Thorax CT No LAP 5 100% 21 84.0% -
findings LAP 0 0.0% 4 16.0% ’
No mass or LAP 1 20.0% 8 32.0% 0593
Mass or LAP 4 80.0% 17 68.0% ’
More than one No 4 80.0% 5 20.0%
antibiotic resist- <0.01
ance Yes 1 20.0% 20 80.0%
More than No 5 100% 11 44.0%
two antibiotic 0.022
resistance Yes 0 0.0% 14 56.0%
Post-procedure No 4 80.0% 22 88.0% 0631
complication Yes 1 20.0% 3 12.0% ’

SD: Standard deviation, COPD:Chronic obstructive pulmonary disease, CT: Computed tomography LAP: Lymphadenopathy
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lated in 77.8% of patients with metastasis and in 64.7% of
those without metastasis (p=0.471).

Based on the histopathological diagnosis established by
EBUS-TBNA, 52.4% of the patients had malignant disease.
Among those who received antibiotic therapy, 75% had
malignant disease and 25% had non-malignant disease
(p=0.49). Similarly, among patients with antibiotic-resis-
tant microorganisms, 85.7% had malignant disease and
14.3% had non-malignant disease; however, this difference

was not statistically significant (p=0.74).

DISCUSSION
In the present study, both culture positivity and the preva-
lence of microorganisms resistant to at least one antibiotic
were higher in BL specimens obtained during EBUS-TB-
NA from patients with malignant disease than from those
with non-malignant disease. To the best of our knowledge,
this is the first study to compare the microbiological char-
acteristics of BL specimens obtained during EBUS-TBNA
between patients with malignant and non-malignant lung

diseases.

In malignant and some non-malignant diseases of the
lung, it is important to detect microbiologic factors before
systemic treatment. In the current study, patients with ma-
lignant disease in BL taken during EBUS-TBNA had ap-
proximately three times higher positivity rates in cultures
than those with non-malignant disease (19.2% vs. 5.4%,
respectively). There are a limited number of studies in
this field in the literature.”® Carmen et al. identified pos-
itivity in culture in 6.7% of patients in BL taken during
EBUS-TBNA, but only patients with a pre-malignant di-
agnoses were included in this study."® Previous studies
have reported culture positivity rates ranging from 10.5%
to 41% in patients with lung cancer undergoing broncho-
scopic brushing or bronchoalveolar lavage, whereas re-
ported rates in non-malignant lung diseases range from
22.7% to 51.4%.8, 12-15 The lower culture positivity ob-

served in our non-malignant group may be explained by

differences in patient selection and sampling techniques.
Although patients with active respiratory infection were
excluded, this does not fully rule out the possibility that
some positive cultures reflected airway colonization rather
than true infection, a distinction that remains inherently
difficult in bronchoscopic microbiology, particularly in
the presence of malignancy-related airway changes. Nev-
ertheless, regardless of the underlying mechanism, culture
positivity may carry clinical significance. Identification of
airway pathogens prior to lung cancer surgery or initiation
of immunosuppressive therapy may facilitate appropriate
antimicrobial management and reduce infectious com-
plications.”!® Airway pathogens have also been associated
with adverse outcomes—including cardiovascular events
and increased mortality—in patients with non-malignant
lung disease.'’,'* These findings therefore warrant further
prospective evaluation to clarify their impact on patient

management.

In this study, culture positivity in patients with non-malig-
nant disease was associated with a history of tuberculosis
and the presence of a mass on chest CT. In malignant pa-
tients, on the other hand, culture positivity was associated
with the presence of a mass on chest CT. This association
may be related to impaired regional airway clearance and
secretion retention associated with pulmonary mass le-
sions, thereby facilitating bacterial colonization. No signif-
icant associations were observed for the remaining clinical
variables. Similarly, a previous study evaluating BL spec-
imens obtained during flexible bronchoscopy in patients
with lung cancer reported that age, sex, smoking status,
histopathological subtype, and tumor stage were not asso-
ciated with culture positivity.'® In the literature, the pres-
ence of calcification in the lesion on radiologic imaging
has been reported to be associated with culture positivi-
ty.” Another study, using analysis of samples obtained by
protected specimen brush and lung tissue, reported that
central tumor location was an independent risk factor for
bronchial colonization (OR: 9.2).'® These findings suggest
that clinical history together with chest CT findings may
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help identify patients who are more likely to benefit from
microbiological analysis of BL specimens obtained during
EBUS-TBNA.

In this study, BL cultures taken during EBUS-TBNA pro-
cedures grew Pseudomonas spp., Acinetobacter spp., and
S. aureus most frequently in both patient groups. These
factors often cause infectious complications in patients re-
ceiving treatment for malignant and non-malignant lung
disease.'”? Therefore, in both patient groups, physicians
performing BL cultures to determine microbiologic fac-
tors during EBUS-TBNA procedures may contribute to

patient follow-up.

Antimicrobial resistance is an important challenge when
selecting empirical antibiotic therapy in critically ill pa-
tients.” In our study the proportion of isolates resistance
to more than one antibiotics were significantly high-
er in patients with malignant disease than in those with
non-malignant disease (80% vs. 20%, respectively). The
development of antibiotic resistance in this context may be
attributable to frequent contact with healthcare settings,
including factors such as prior hospitalization, prolonged
hospitalization, long-term antibiotic use, a history of col-
onization with resistant organisms, immunosuppressive
therapies, and invasive procedures.”>* These findings sup-
port the potential value of microbiological analysis of bron-
chial lavage (BL) specimens obtained during EBUS-TBNA
for guiding empirical antibiotic therapy. However, larger
prospective studies are required to validate these findings.
Among patients with culture-positive bronchial lavage
(BL) specimens, post-procedural complications occurred
at similar rates in those with malignant and non-malig-
nant disease (12% vs. 20%, respectively). Previous studies
have reported conflicting findings regarding the clinical
significance of bronchial colonization. Kang et al. report-
ed that bronchial colonization was not associated with an
increased incidence of pneumonia or reduced survival
among patients with lung cancer receiving chemothera-

py-* In contrast, other studies have demonstrated that pre-

operative bronchial colonization is associated with post-
operative pneumonia and increased mortality in patients
undergoing surgical resection for lung cancer.”® Consis-
tent with these findings, another study demonstrated that
bronchial colonization has been associated with a higher
incidence of postoperative pneumonia, an increased need
for mechanical ventilation, and prolonged hospitalization
following lung cancer surgery.” The absence of a signifi-
cant difference in post-procedural complication rates in
our study may be explained by several factors. First, the
relatively small number of culture-positive patients like-
ly limited the statistical power to detect clinically mean-
ingful differences. Second, our study population differed
substantially from those evaluated in previous reports.
Whereas the aforementioned studies primarily investigat-
ed patients undergoing lung cancer surgery, our cohort
consisted of patients undergoing EBUS-TBNA, a mini-
mally invasive bronchoscopic procedure associated with
a considerably lower risk of infectious complications than
surgical resection. Therefore, direct comparisons between
these studies should be interpreted with caution. Never-
theless, microbiological evaluation of BL specimens may
still provide clinically relevant information by identifying
potentially pathogenic microorganisms in selected pa-
tients. Prospective multicenter studies with larger sample
sizes are needed to determine whether incorporating BL
microbiological analysis into routine EBUS-TBNA prac-

tice improves patient management and clinical outcomes.

Limitations
This study has some limitations. The study was conducted
in only one center and tertiary health care institution in
Turkey, so the results cannot be generalized to the entire
population. Although the overall sample size was adequate
according to the a priori power analysis, the relatively low
number of patients with culture positivity (n=44) limited
the feasibility of further sub-analyses, including multivari-
able modeling. In particular, given the small number of pa-
tients with a history of tuberculosis, the findings pertaining

to this subgroup should be interpreted with caution. Future
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prospective studies with larger cohorts of culture-positive
patients are warranted to employ multivariable analysis
for the identification of independent predictors of culture
positivity in this population. Another limitation is that,
although patients who underwent bronchial lavage (BL)
sampling during EBUS-TBNA were included in the study
consecutively, this sampling was performed at the discre-
tion of the bronchoscopist. Therefore, considering that the
decision to obtain samples may have been influenced by
unmeasured factors, this approach may have introduced
selection bias. In the BL sampling method, there is a risk
of sample contamination. Therefore, taking BL with a pro-
tected catheter during EBUS-TBNA procedures may pro-
vide more reliable results. An additional limitation of this
study is that the clinical implications of the observed dif-
ferences in culture positivity and antimicrobial resistance
between patients with malignant and non-malignant lung
disease could not be assessed. Because of the retrospective
study design, data regarding changes in antibiotic therapy,
postponement of oncologic treatment, infectious compli-
cations, and other clinically relevant outcomes were not
consistently available. Therefore, prospective longitudinal
studies are warranted to determine the clinical significance
of these microbiological findings and their impact on pa-

tient management and long-term clinical outcomes.

CONCLUSION
Patients with malignant lung disease had higher rates of
both culture positivity and microorganisms resistant to
more than one antibiotic in BL specimens obtained during
EBUS-TBNA than patients with non-malignant lung dis-
ease. However, given the retrospective, single-center de-
sign of this study, the findings should be interpreted as
demonstrating an association rather than providing evi-
dence of clinical benefit. Prospective, multicenter studies
are warranted to validate these findings and to determine
whether selective microbiological analysis of bronchial la-
vage (BL) specimens, guided by clinical and radiological
risk factors, provides meaningful diagnostic or therapeutic

benefit. Such evidence is required before this approach can

be recommended as a routine component of EBUS-TBNA

procedures.
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